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This book is dedicated to all patients: you are the force that drives 
our work and our most important teachers. Thank you.

I would like to dedicate this book to all those who are important to me.
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Foreword I

In the United States, cancer is the second most common cause of death. Over 560,000 
people die of cancer each year. One in four deaths in the United States is due to can-
cer. Since the 1970s, the 5-year survival from cancer has increased from 50% to 66%. 
This improvement in survival reflects earlier diagnosis and more effective therapies 
and management strategies. As medical technology improves, even more progress is 
anticipated, but such progress requires experience and analysis, which only highly 
experienced clinicians and scientists can amass.

Patients with hematologic malignancies are a special challenge to health care pro-
viders. In the United States, over 130,000 persons are diagnosed with a hematologic 
malignancy each year, and over 50,000 individuals die. Half of these hematologic 
malignancies are acute or chronic leukemias, and the remainder is primarily lympho-
mas or multiple myeloma. These hematologic malignancies represent 9.5% of the 
cancer burden in the United States. These patients undergo a wide variety of immu-
nosuppressive therapies that can have impressive results in terms of disease-free sur-
vival. However, the toxicities of these regimens can be substantial. Both disease and 
therapy can cause complications. These complications are very different for different 
cancers and for different therapies.

Our ability to improve the outcome of hematologic malignancies is due to more 
precise methods to identify the specific malignant process and to an expanding array 
of treatments for the underlying malignancies. These treatments are often used in 
combination regimens over periods of many months to years. These treatments 
include ionizing radiation, cytotoxic drugs, immunosuppressive agents, and stem cell 
transplantation. There are now over 50 drugs approved in the United States to treat 
hematologic malignancies. These drugs have an expanding number of mechanisms of 
action, ranging from traditional cytotoxic agents to newer drugs that are enzyme 
inhibitors, monoclonal antibodies, or proteasome inhibitors. Each of these approaches 
offers promise for specific indications, but also produces enormous complexity in 
terms of the effects on host immune and inflammatory response, and in terms of the 
specific organ toxicities they produce.

In this book, Pulmonary Involvement in Patients with Hematological Malignancies, 
Élie Azoulay has assembled experienced clinicians from around the world to focus 
on the infectious and non-infectious pulmonary complications that occur in these 
patients as they are managed with these diverse therapeutic modalities. Dr. Azoulay 
is renowned for his experience in dealing with such complications and for his careful 
investigations, which have improved patient care around the world. He has assembled 
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well-published authorities to provide a comprehensive body of information on epide-
miology, natural history, diagnosis, and therapy of pulmonary complications.

What makes this book especially useful is the focus on very specific clinical sce-
narios. Clinicians who care for patients with hematologic malignancies, which 
includes most oncologists, infectious disease specialists, and pulmonary-critical care 
physicians, will immediately be drawn to chapters on long-standing clinical contro-
versies such as the role for various types of lung biopsies, new molecular techniques 
to enhance diagnostic accuracy, and chapters on specific pathogens such as Candida, 
Aspergillus, and CMV.

Also of special note are chapters that focus on non-infectious challenges such as 
diffuse alveolar hemorrhage and transfusion-related lung injury. Dr. Azoulay has also 
included chapters on management problems, such as invasive and non-invasive ven-
tilation, transfusion policies, and palliative care, which clinicians will benefit from 
reviewing in order to be certain they are providing state-of-the-art care.

This book represents the work of experienced, thoughtful, evidence-based clini-
cians who provide the authoritative information that only a highly specialized, focused 
book such as this can supply. Health care providers who deal with this patient popula-
tion will find the information and insights in this volume to be extremely valuable and 
will refer to this book often!

H. Masur 
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Foreword II

The number of immunocompromised patients has increased over the last decade. 
Improvements in solid-organ and hematopoietic stem cell transplantation techniques, 
the expanded use of chemotherapy and steroid use, and the appearance of immuno-
modulatory therapies are some of the reasons that explain this increase. The success 
of the different transplant techniques has generated a great deal of interest in the man-
agement of immunocompromised patients among clinicians and basic scientists.

The recognition and management of pulmonary complications that result from 
immunosuppression are challenging tasks. The lungs may be injured directly through 
infectious or toxic insults. Conversely, lung disease may result as a secondary event. 
Pulmonary complications in these patients require a multidisciplinary approach that 
often involves different specialties. This includes an appreciation of the epidemiol-
ogy of post-transplant pulmonary complications, the different diagnoses for these 
processes, the appropriate diagnostic explorations, and the specific treatments and 
potential interactions. Some of these patients with pulmonary complications may 
need intensive care treatment.

The first part of this book is dedicated to non-infectious complications. Dr. Bekele 
Afessa describes the epidemiology, diagnosis, and treatment of diffuse alveolar hem-
orrhage, which is a frequent entity in hematological patients. Dr. Afessa provides a 
very comprehensive review of non-infectious pulmonary involvement after hematopoi-
etic stem cell or bone marrow transplantation. The non-infectious complications 
comprise a series of entities that may respond to steroid treatment, although in some 
cases, they will lead to fatal outcomes (graft-versus-host disease).

Pulmonary veno-occlusive disease following hematopoietic stem cell transplanta-
tion is a rare complication that is difficult to manage. This subject is reviewed in 
depth by Drs. Bunte and Burns.

Not infrequently, drugs used to treat cancer patients have cardiovascular compli-
cations. One chapter describes how frequently these complications occur, which 
drugs may be responsible, and how we can decrease the severity of cardiovascular 
toxicity caused by these drugs.

Diagnosis of pulmonary infiltrates in hematologic malignancies is a difficult prob-
lem that often requires bronchoscopic evaluation. Post-mortem studies have helped 
us to provide the operative values of the techniques that we use in vivo. Dr. Pastores 
and colleagues have written a comprehensive chapter on this subject.
Hematologic malignancies often require transfusions that may be followed by acute 
lung injury, especially in children. Respiratory infections in patients with hemato-
logic malignancies, neutropenia, and bone marrow transplants continue to be a 
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serious problem triggered by abnormalities in the function and number of neutro-
phils, T and B lymphocytes, anatomic considerations, or a combination of factors. 
They range from bacterial pneumonias to opportunistic infections. Dr. Soubani  
et al. provide an update on the etiology, epidemiology, diagnosis, and management of 
these infections.

In summary, this book edited by Dr. Élie Azoulay gathers a series of excellent 
chapters written by experts in different problems that cause acute lung injury in 
hematological patients. The book will be very useful for specialists dealing with these 
types of problems, and this obviously includes intensive care physicians.

Prof. Antoni Torres 
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In 1986, just 25 years ago, three reports were published 
by Laufe [1], Maunder [2] and Ognibene [3], focusing 
on the occurrence of Adult Respiratory Distress 
Syndrome in neutropenic patients. Hematological 
patients had just begun to be included in the field of 
diffuse alveolar damage and pulmonary critical care 
medicine.

For many years, hematological patients were known 
to experience severe life-threatening conditions 
because of the course of their underlying disease or 
complications of therapy. Most of the latter were con-
sidered from infectious origin, resulting in sepsis, mul-
tiple organ failure and death. Doctors in the field of 
hematology or cancer were reluctant to admit such 
patients to the ICU, which was presumed to be futile 
because of poor results. Most intensivists agreed that 
this kind of patient was beyond any supportive care. 
Misknowledge about pathophysiology, concepts, diag-
nosis and therapy was equally distributed on both 
sides, in hematology and critical care. The flaws and 
fears were similar among these physicians.

Progress in the field of critical care and respiratory 
medicine along with therapeutic advances in the field 
of cancer has progressively changed medical attitudes 
regarding patients’ medical presentations and the man-
agement of hematological patients with pulmonary 
disease. Medical teams in specialized centers have 
moved from “just say no” [4] to “consider saying yes” 
or “let’s perform a trial” [5].

Twenty-five years have been necessary to distin-
guish among multiple complex medical entities, to 
increase our knowledge regarding both hematological 
diseases and complications of therapy. The role of the 
malignant process and its specific impact on organs 
and functions, or complex side effects of therapy, such 
as endothelial damage related to antineoplastic drugs 
or immune consequences of transplantation, have been 
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4 B. Schlemmer

recognized. In addition, great progress has been made 
in the field of therapy, resulting in new opportunities 
and hopes for many patients previously considered to 
have rapidly fatal diseases.

In addition, better knowledge about critical care 
conditions and the impact of their management by 
intensivists has also resulted in new concepts and strat-
egies. Where critical care physicians cooperate with 
their colleagues in hematological wards, they have 
developed new strategies regarding diagnosis and ther-
apy. The respective benefits of invasive versus non-
invasive diagnostic procedures have been discussed, 
along with the opportunity to use new diagnostic tools 
in the field of infection or lung injury, from inflamma-
tion to healing and fibrosis. Improvement in respira-
tory therapy, with the development of noninvasive 
ventilatory support and low tidal volume mechanical 
ventilation, has resulted in the opportunity to develop 
the concept of early management for many hemato-
logical patients with pulmonary disease before the 
occurrence of critical conditions, out of the scope of 
any hope.

Medical benefit for patients has been the result of 
improvement in basic science, pathophysiology and 
nosology in pulmonary medicine and hematology. 
Accordingly, better knowledge, better diagnosis and 
therapeutic advances should result in better strategies 
and improved patient outcomes. Widening the field 
of diagnostic and therapeutic tools in pulmonary 
medicine for hematological patients has highlighted 
the need for accurate medical decision-making, both 
from technical and ethical points of view. When faced 
with a patient with a history of hematological disease 
and pulmonary signs, one should now distinguish 
between several etiologies, choose a diagnostic strat-
egy or empiric therapy, and discuss whether an inva-
sive diagnostic procedure or ventilatory support 
would be valuable, taking into account probabilities, 
hope of reversibility, patient willingness and risk-
benefit analysis. Intensive care therapy of hemato-
logical patients now has to be considered as a way to 
support critical conditions in order to allow diagnos-
tic procedures and/or therapy to reverse such medical 
situations. Emergency decisions sometimes have to 
be made, including in non-specialized medical facili-
ties, because of the great developments in ambula-
tory medicine for some hematological disorders. 
However, sometimes, withholding or withdrawal of 
some therapeutic options has to be discussed, as for 

many other patients in ICUs. The medical decision 
has to be based both on evidence, whenever possible, 
and experience.

Better knowledge in the field of pulmonary involve-
ment in hematological malignant diseases has pushed 
intensivists and physicians in hematology to share 
their experience and to provide new opportunities for 
their patients. This has also resulted in the need for 
additional research in this field, not only related to 
acute conditions and their management, but also to 
long-term outcomes and quality of life.

This book will offer any intensivist, even non-spe-
cialized, and any physician in the field of hematology 
and cancer the opportunity to review 25 years of medi-
cal progress. Increasing medical knowledge would not 
only result in answers for hematological patients with 
pulmonary disease, but would also result in more com-
prehensive understanding, in new questions for the 
future and in the opening of new fields for medical 
research in which both intensivists and cancer physi-
cians should cooperate.

In this respect, this book is exemplary. I want to 
thank all the contributors who have accepted the task 
of summarizing their outstanding experience for young 
physicians who need to be educated in the field of such 
difficult medical conditions. I want to congratulate my 
young colleague and friend, Elie Azoulay, who is a 
masterpiece in clinical training and supervision at 
Saint-Louis Hospital, but also a leader in clinical 
research, for initiating this huge work and succeeding 
in the challenge of gathering the most influent special-
ists in this field of medical care.
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Acute pulmonary events are among the most common 
complications in patients with hematological malig-
nancies. These events often raise difficult diagnostic 
and therapeutic challenges. In this book, readers faced 
with these challenges will find a vast array of clini-
cally relevant information contributed by physicians 
in many specialties who have acquired considerable 
experience over the years. Pulmonary complications 
in patients with hematological malignancies may be 
related to many factors, including infection, tissue 
invasion by the malignant cells, toxicity and immune 
deficiency related to the disease or treatments. The 
multiplicity of the possible etiologies and frequent 
presence of more than one etiology in a given patient 
create diagnostic conundrums. Importantly, an early 
accurate diagnosis is crucial to improve patient out-
comes. This book provides practical guidance on 
untangling complex diagnoses and selecting optimal 
treatments.

In addition to hematologists, intensivists, and pul-
monologists, clinicians from many specialties may be 
called on to manage respiratory events in patients 
with hematological malignancies. This book was 
written to serve as an easily accessible source of 
information to primary-care physicians, emergency-
room physicians, intensivists and physicians working 
in internal medicine, infectious diseases or pulmo-
nary care departments. Furthermore, the problems 
encountered in patients with hematological malignan-
cies are relevant to all specialties where patients 

require immunosuppressant treatments for systemic 
inflammatory diseases, including clinical immunol-
ogy, rheumatology, hepatology, gastroenterology, 
nephrology, dermatology, neurology, and solid organ 
transplantation.

This book has six parts. After an introduction by 
Dr Soubani, who presents a comprehensive overview 
of infectious etiologies of respiratory events in patients 
with hematological malignancies, the first part focuses 
on epidemiology. International leaders draw attention 
to important points such as the specificities of bone 
marrow transplant recipients and the possibility of 
non-infectious pulmonary involvement, most notably 
heart failure with pulmonary edema whose diagnostic 
and therapeutic management differ fundamentally 
from those of other etiologies of respiratory events in 
hematological patients. The second part addresses 
ongoing controversies about the best diagnostic strate-
gies, which are largely fueled by the fast pace at which 
new diagnostic tools are being introduced. Renowned 
researchers discuss the latest information on the bene-
fit/risk ratio of diagnostic tools ranging from the least 
invasive (clinical examination) to the most invasive 
(surgical lung biopsy). This careful attention to diag-
nostic tools is warranted, as mortality is higher when 
no cause to the respiratory symptoms is identified. In 
patients who are not receiving mechanical ventilation, 
noninvasive diagnostic testing may provide compara-
ble diagnostic yields to those obtained using bronchos-
copy with bronchoalveolar lavage. Attention is drawn 
to the valuable information that can be derived by the 
optimal use and interpretation of lung computed 
tomography. In the third and the fourth parts of this 
book, leading researchers describe the spectrum of 
pulmonary infections in hematological patients 
because of pathogens ranging from common bacteria 
to opportunistic pathogens, and the spectrum of 
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noninfectious causes, including drug-related toxicity, 
pulmonary embolism, diffuse alveolar hemorrhage, 
and alveolar proteinosis. The fifth part provides 
new insights into treatments and difficult decisions 
for patients with hematological malignancies. Contri-
butions from physicians in various specialties were 
assembled to shed light on the many facets of this 
topic. Opinion leaders provide recommendations on 
the use (or withdrawal) of various therapeutic strate-
gies. Last, the sixth part presents 15 carefully selected 
case reports about clinical situations that are rare but 
important. The goal is to improve the diagnosis of rare 
but treatable conditions. For each clinical situation, a 
literature review is reported. These case reports may 
constitute valuable teaching material for discussing 
patients with unusual problems. The abundance of 
tables, figures, radiographs, and computed tomogra-
phy scans in the book considerably enriches the writ-
ten material.

Three methods can be suggested for using this book. 
First, you can look up a clinical situation you are inter-
ested in (e.g., pneumonia in patients with chronic lym-
phocytic leukemia or pulmonary infiltrates at the 
earliest phase of acute leukemia). Second, you can 
look for the diagnostic strategy that is best for evaluat-
ing a clinical suspicion of infectious or noninfectious 
pulmonary involvement (e.g., induced sputum, trans-
bronchial biopsy, or core needle biopsy). Third, you 
can find a description of the clinical picture related to 
a given form of pulmonary involvement or a given 
pathogen (e.g., Pneumocystis pneumonia, cytomegalo-
virus pneumonia, cardiogenic pulmonary edema, dif-
fuse alveolar hemorrhage, or transfusion-related acute 
lung injury). These three methods can complement 
one another. Therapeutic alternatives are also available 
for all these situations.

I hope this book will spread ten important mes-
sages. First, in patients with hematological malignan-
cies who experience respiratory complications, treating 
every possible etiology is not the best way to ensure a 
favorable outcome. Instead, identifying the exact cause 
improves survival. Second, within the first few hours 
the most likely causes of the respiratory symptoms 
should be determined based on the clinical findings 
(see the DIRECT strategy) and recorded in the medi-
cal chart. Treatments appropriate for these causes 
should be given immediately, while waiting for the 
results of further investigations. Third, computed 
tomography may help to support a clinical suspicion 

of an infectious or noninfectious cause and may also 
rule out a number of etiologies. However, computed 
tomography alone cannot establish a diagnosis. 
Furthermore, computed tomography should be per-
formed only after a comprehensive clinical assess-
ment, whose findings guide the choice of the imaging 
strategy.

Fourth, not all patients are at risk for all the possible 
etiologies. Knowledge of the specific risk factors for 
each cause is crucial. For instance, the type of immune 
deficiency indicates which pathogens are most likely 
to cause pulmonary involvement. A discerning risk 
factor assessment may show that some patients are at 
very low risk for some causes. Fifth, two diagnoses, 
cardiogenic pulmonary edema and bacterial infec-
tions, should be considered in all patients at all times 
during the course of the hematological malignancy. 
Sixth, positive tests (e.g., cytomegalovirus antigen 
test, PCR test for Pneumocystis, or virological studies 
of nasopharyngeal swabs) must be interpreted with 
great caution. A positive test does not always mean 
that the disease is present. Furthermore, several causes 
may be present in combination. For instance, even 
when the bronchoalveolar lavage fluid indicates alveo-
lar hemorrhage, infections (e.g., aspergillosis, 
Pseudomonas, Staphylococcus, and other causes of 
necrotizing pneumonia), and noninfectious disorders 
(e.g., cardiogenic pulmonary edema, leukemic infil-
trates, and drug-related toxicity) must be ruled out 
before accepting a diagnosis of diffuse alveolar hem-
orrhage and initiating the specific treatment for this 
condition. Another important point is that negative 
results do not always exclude diagnoses, such as cyto-
megalovirus pneumonia, Pneumocystis pneumonia, or 
invasive aspergillosis. The few diagnostic tests whose 
negative predictive value is close to 100% (e.g., PCR 
test for Pneumocystis) are extremely valuable. Seventh, 
thrombocytopenia does not protect against the occur-
rence of thromboembolic events. Eighth, core needle 
biopsy performed by an experienced operator can pro-
vide valuable diagnostic information. As with all inva-
sive procedures, the ICU may be the safest place to 
monitor the patients before and after core needle 
biopsy. Ninth, each new diagnostic method must be 
carefully evaluated in a group of unselected patients 
with hematological malignancies. The diagnostic per-
formance characteristics must be reported, together 
with the prevalence of the disease in the study group. 
Tenth, managing patients with pulmonary events and 
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hematological malignancies requires considerable 
clinical skill, close collaboration among medical spe-
cialties and with the laboratories, and easy access to 
the ICU. Among patients with hematological malig-
nancies, more than half experience critical illnesses, 
and early ICU admission may be the best means of 

providing them with optimal diagnostic and therapeu-
tic care.

I owe an enormous debt of gratitude to the special-
ists who provided their valuable contributions to this 
book.

Élie Azoulay



 



9É. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies,  
DOI: 10.1007/978-3-642-15742-4_3, © Springer-Verlag Berlin Heidelberg 2011

3.1  Introduction

Hematological malignancies are a variety of cancers 
that involve the hematopoietic cell lines. They include 
acute and chronic leukemias, Hodgkin’s disease, 
non-Hodgkin’s lymphomas, multiple myeloma and 
myelodysplastic syndrome. The age-adjusted inci-
dences of leukemias and lymphomas in the United 
States are 12.2 and 22.3 per 100,000 population per 
year, respectively. While the age adjusted death rate 
for leukemias is 7.3 and for lymphomas is 7.5 per 
100,000 population per year [1]. Bone marrow and 
hematopoietic stem cell transplantations (HSCT) are 
an important treatment for a variety of hematological 
malignancies as well as other diseases such as hema-
tological disorders, solid tumors and autoimmune 
diseases. Annually, there are more than 30,000 cases 
of autologous HSCT and 15,000 cases of allogeneic 
HSCT performed worldwide [2]. Hematopoietic stem 
cells may be obtained from bone marrow, peripheral 
blood or umbilical cord blood. Depending on the 
source of these stem cells, HSCT is classified as 
autologous if the cells are taken from an individual 
patient and stored for reinfusion after high-dose che-
motherapy, and it is classified as allogeneic if the 
stem cells are donated from another individual (who 
may or may not be related). In the case of allogeneic 
HSCT, the conditioning regimen before transplanta-
tion may be myeloablative, in which supralethal 
doses of chemotherapy and irradiation are given, 
leading to significant toxicity and immunosuppres-
sion. More recently, nonmyeloablative regimens have 
been used to minimize the toxicity related to the con-
ditioning regimen and allow for more robust immu-
nologically mediated killing of tumor cells (graft vs. 
tumor effect).
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Pulmonary complications, both infectious and non-
infectious, are important causes of morbidity and mor-
tality in patients with hematological malignancies 
(Table 3.1). The incidence of these complications 
reaches 60% of patients [3, 4]. Mortality of pulmonary 
complications is 40% and approaches 90% in patients 
who require mechanical ventilation [5]. The pulmonary 
complications are generally related to the underlying 
malignancy or toxicity of the chemotherapeutic regi-
men. In the case of HSCT, there are additional compli-
cations related to graft-vs.-host disease (GVHD), which 
is a condition in which the donated cells recognize the 
recipient’s cells as nonself and attack them. Efforts to 
prevent or treat GVHD include harvesting hemato-
poietic stem cells from an HLA-matched donor and use 
of immunosuppressive and immunomodulatroy the-
rapy such as corticosteroids, cyclosporine or tacrolimus 

(FK506) or TNF-a blocking agents [6]. The use of 
these agents entails further hazards for infectious com-
plications and the development of a new neoplastic 
disease.

The etiology of pulmonary disease following hema-
tological malignancies may be predicted based on 
variables such as the type of immunodeficiency, the 
presence of neutropenia, the prophylactic agents the 
patient is on and the temporal relation to the adminis-
tration of chemotherapy. The pattern of pulmonary 
complications is best demonstrated following alloge-
neic HSCT (Fig. 3.1).

This chapter details the spectrum of respiratory 
infections in patients with hematological malignancy, 
focusing on HSCT as the prime example of immuno-
suppression that develops in these patients. The main 
respiratory infections in patients with hematological 
malignancies are described along the lines of inci-
dence, risk factors, clinical presentation, and recent 
advances in the diagnosis and management. The desig-
nation of “patients with hematological malignancies” 
throughout the chapter is used to describe patients who 
have a malignancy such as leukemia, lymphoma, mul-
tiple myeloma or myelodysplastic syndrome; are on 
chemotherapy; are neutropenic; or underwent HSCT. 
Data that are unique to one subgroup are specifically 
mentioned.

3.2  The Immune System Changes  
in Patients with Hematological 
Malignancies

The risk of infection in patients with hematological 
malignancies primarily stems from defects in the num-
ber or function of neutrophils, T-cells and B-cells. 
Abnormalities in each of these cell lines increase the 
risk of specific infections (Table 3.2). However, the 
functions of these defense mechanisms are interdepen-
dent, so an abnormality in one cell line may compro-
mise the function of other defense mechanisms. 
Neutropenia is the most frequent immunodeficiency in 
patients with hematological malignancies. It is seen in 
patients with acute leukemia and secondary to myelo-
suppression following chemotherapy. In addition to 
decreasing the production of neutrophils, cancer che-
motherapy and radiation interfere with the chemotactic 
and phagocytic activity and the intracellular killing 

Infectious

 Bacteria

 Mycobacteria

 Nocardia

 Aspergillus

 Non-Aspergillus fungi

 P. jiroveci

 CMV

 Community respiratory viruses

Non-infectious

 Pulmonary edema (cardiogenic and noncardiogenic)

 Transfusion-related lung injury

 Engraftment syndrome

 Diffuse alveolar hemorrhage

 Idiopathic pneumonia syndrome

 Organizing pneumonia

 Drug induced pulmonary toxicity

 Radiation pneumonitis

 Pulmonary thromboembolic disease

 Secondary alveolar proteinosis

 Bronchiolitis obliterans

 Progression of underlying malignancy

Table 3.1 Spectrum of respiratory infectious and noninfectious 
complications in patients with hematological malignancies
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Host immune system
defect

Infectioue

Phase I
Pre-engraftment (0–30
days)

gram - bacteria

Candida

Aspergillus Aspergillus

Pneumocystis

BO

BOOP
VOD

CHF

CRV (PIF, RSV, influenza, adenovirus)

ES
DAH

IPS PTLPD

CMV

HZV

No cardia

Encapsulated bacteria

HSV

Gram + bacteria (Staph, Strep)

Non-infectioue

Neutropenia, mucositis,
catheters and lines,
acute GVHD

Phase II
Post-engraftment (30–
100 days)

Impaired cellular
immunity
Acute GVHD

Phase III
Late Phase
>100 days)

Impaired humoral and
cellular immunity
chronic GVHD

Fig. 3.1 The time line of 
pulmonary complications 
following HSCT. HSV herpes 
simplex virus, HZV herpes 
zoster virus, CMV cytomega-
lovirus, RSV respiratory 
syncytial virus, CHF 
congestive heart failure, BO 
bronchiolitis obliterans, VOD 
veno-occlusive disease, ES 
engraftment syndrome, DAH 
diffuse alveolar hemorrhage, 
BOOP bronchiolitis 
obliterans organizing 
pneumonia, IPS idiopathic 
pneumonia syndrome, 
PTLPD post transplant 
lymphoproliferative disorder

Mechanism of immunosuppression Causes of immunosuppression Spectrum of respiratory infections

Neutropenia Leukemia Gram-negative bacilli

Myelodysplastic syndrome Gram-positive cocci

Chemotherapy Fungi (candida, Aspergillus)

HSCT

Neutrophil dysfunction Lymphoma Fungi (P. jiroveci, Aspergillus)

Corticosteroids

Myelodysplastic Syndrome

T-cell defects Lymphoma Bacteria (including nocardia, mycobacteria)

Lymphoblastic leukemia

Chemotherapy Viruses (CMV)

Monoclonal antibodies Fungi (Aspergillus, P. jiroveci)

Corticosteroids

HSCT Parasites

B-cell defects Lymphoma Encapsulated bacteria (S. pneumoniae,  
H. influenza)

Leukemia

Multiple myeloma

Splenectomy

Monoclonal antibodies

Anatomic Tumor obstruction Gram-positive cocci

Mucositis Gram-negative bacilli

Indwelling catheters Anaerobic bacteria

Candida

Table 3.2 Spectrum of immunosuppression in patients with hematological malignancies
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of microorganisms by these cells. Furthermore,  corti- 
 costeroids, used as part of chemotherapeutic regimens, 
decrease the accumulation of neutrophils at inflamma-
tion sites by reducing their adherence and chemotactic 
properties. The usual infections associated with abnor-
malities in the number or function of neutrophils are 
bacteria, including gram-negative bacilli, and opportu-
nistic fungal infections, such as Aspergillus. The risk 
of infection increases significantly when the absolute 
neutrophil count falls below 500 cells/mm3. The risk of 
infection is greatest with neutrophil counts less than 
100 cells mm3. The rate of decline in neutrophil count 
and the duration of neutropenia are also important fac-
tors in the risk of infection. Thus, a patient with acute 
leukemia is at higher risk of infection when the neutro-
phil count drops rapidly compared to one in whom the 
counts fall slowly or remain stable. The longer neutro-
penia lasts, the higher is the risk of infection. Almost 
all patients with neutrophil counts less than 100 cells 
mm3 for more than 3 weeks develop fever. Neutropenia 
that lasts more than 10 days significantly increases the 
risk of invasive fungal infections. In one study, the risk 
of Aspergillus infection was increased by 1% each day 
of neutropenia for the first 3 weeks, then by 4% each 
day thereafter [7].

B cells differentiate and proliferate to antibody- 
producing plasma cells upon exposure to bacterial 
antigens. These cells are responsible for the humoral 
branch of the immune system. They produce differ-
ent immunoglobulins, such as IgM and IgA, that pro-
tect the body against bacteria and viruses. The 
production of these immunoglobulins is decreased in 
lymphoproliferative disorders such as chronic lym-
phocytic leukemia and multiple myeloma, intensive 
chemotherapy and treatment with monoclonal anti-
bodies such as rituximab. Abnormalities in the B cell 
number and function predispose to infection with 
encapsulated bacteria such as Streptococcus pneu
moniae, Haemophilus influenza and Staphylococcus 
aureus.

T cells are responsible for cellular immunity and 
play a pivotal role in regulating monocyte-mac-
rophage antigen handling and intracelullar micro-
bial elimination by the release of various cytokines 
and chemokines. The function of T cells is compro-
mised in patients with malignant lymphomas, espe-
cially Hodgkin’s disease, lymphocytic leukemia and 
T-cell leukemia. Chemotherapeutic agents, such as 
cyclophosphamide, azathioprime, purine analogues 

including fludarabine and cladribine, and imm-
unosuppressive agents inclu ding corticosteroids, 
cyclosporine, tacrolimus and sirolimus, suppress the 
T cell function. Also novel agents used in the man-
agement of lypmhoproliferative malignancies, such 
as monoclonal antibodies anti-CD52 (e.g., alemtu-
zumab), significantly affect the function of these 
cells. Abnormalities in T-cell function predispose 
patients to infections by fungi, including Aspergillus 
and Pneumocystis jiroveci, viruses, nocardia and 
mycobacteria.

Other factors that compromise the immune system 
in patients with hematological malignancies and 
increase the risk of infection include mucositis sec-
ondary to chemotherapy that may predispose to aspi-
ration or translocation of microorganisms from the 
gastro intestinal tract. Vascular catheters inserted for 
 chemotherapy, parenteral nutrition and transfusion of 
blood products may be a source of bacterial and fun-
gal infections. Splenectomy, which is occasionally 
performed in the management of patients with mal-
ignant lymphoma, compromises the production of 
opsonizing antibodies and impairs the defense against 
encapsulated bacteria.

HSCT is the prototype of immunological abnormal-
ities related to hematological malignancies. HSCT 
recipients develop profound changes in the immune 
system that affect all lines of defense against infection 
(Table 3.3). These patients develop neutropenia imme-
diately following transplantation and may have both 
T- and B-cell problems related to chemotherapy, GVHD 
and immunosuppressive therapy. The patients typically 
follow a predictable pattern of immune system defi-
ciency and recovery. During the first month after HSCT, 
the major host-defense deficits include neutropenia, 
damaged muc ocutaneous barriers and indwelling intra-
venous catheters. The organisms that commonly cause 
infection during this period include gram-negative 
bacilli (e.g., Klebsiella, Escherichia and Pseu domonas), 
gram-positive cocci (e.g., coagulase-negative and coag-
ulase-positive Staphylococci, Enterococcus), Candida 
species and herpes simplex virus. Aspergillus spp. may 
lead to infection if neutropenia persists. During preen-
graftment, the risks for infection are the same for 
 autologous or allogeneic patients, and infection may 
present as febrile neutropenia. Although fever during 
this period is probably caused by a bacterial pathogen, 
an organism or site of infection is infrequently identi-
fied. Instead, such infections are usually treated 
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preemptively or empirically until the neutropenia 
resolves. Growth factors can be administered to 
decrease neutropenia duration and complications. The 
risk of infection persists until the stem cells are 
engrafted, which is defined as sustained absolute neu-
trophil count of 500 cells/mm3 and sustained platelet 
count of >20,000, lasting >3 consecutive days without 
transfusions. Among unrelated allogeneic recipients, 
engraftment occurs at a median of 22 days after HSCT 
(range 6–84 days) [8].

Following engraftment (30–100 days) and in the 
absence of corticosteroid therapy, neutrophil func-
tion is restored, which results in a decreased risk 
for bacterial and fungal infections. However, all 
HSCT recipients, and particularly allogeneic recip-
ients, experience an immune system dysfunction 
for months after engraftment. They may have 
abnormal CD4/CD8 T-cell ratios, reflecting their 
decreased CD4 and increased CD8 T-cell counts 
[6]. They might also have IgG and IgA deficiencies 
for months after HSCT and have difficulty switch-
ing from IgM to IgG production after antigen 

exposure. Immune system recovery might be 
delayed further by CMV infection [9]. During this 
phase, allogeneic HSCT recipients usually develop 
acute GVHD that manifests as skin, gastrointesti-
nal and liver injury. GVHD is associated with 
increased risk of infection due to delayed immuno-
logic recovery. Furthermore, the immunosuppres-
sive therapy used for GVHD prophylaxis and 
therapy puts HSCT recipients at an increased risk 
for opportunistic viral and fungal infections. The 
usual infectious agents during this phase include 
CMV, Aspergillus and P. jiroveci.

After 100 days following HSCT, some patients with 
allogeneic transplantation continue to have manifesta-
tions of chronic GVHD. This phase may be associated 
with cellular and humoral immunodeficiencies, includ-
ing macrophage deficiency, impaired neutrophil 
chemotaxis and poor response to vaccination. Also 
patients may experience long-lasting IgA and IgG 
deficiencies, poor opsonization and impaired reticu-
loendothelial function [10, 11]. After chronic GVHD 
resolves, which might take years, cell-mediated and 
humoral immunity function are gradually restored. 
Patients in this phase are at an increased risk for infec-
tions caused by encapsulated organisms, such as S. 
pneumoniae, H. influenzae or Neisseria meningitidis. 
They may also develop infections as a result of cyto-
megalovirus (CMV), herpes zoster virus, community 
respiratory viral infections and Aspergillus.

3.3  Bacterial Pneumonia

Bacterial pneumonia caused by gram-positive or gram-
negative organisms is a significant problem in patients 
with hematological malignancies. These bacteria may 
lead to community- or hospital-acquired pneumonia. 
They account for 15% of all respiratory infections 
[12]. Based on surgical lung biopsy, bacterial pneumo-
nia is estimated to be 2%, but increases to more than 
25% when documented by autopsy [13]. The mortality 
associated with bacterial pneumonia in these patients 
reaches 22% [14]. One of the main challenges in the 
diagnosis of bacterial pneumonia in patients with 
hematological malignancies is the inability to identify 
the organism in the majority of patients, which may 
underestimate the incidence of these infections. This is 
related to the contamination of respiratory samples by 

Pre-transplantation

 Older age

 Pre-transplant immune status

 Underlying pulmonary disease

 CMV status of the donor and recipient

 Residence in endemic areas

Transplantation

 Allogeneic

 Type and intensity of conditioning regimen

 Total body irradiation

 Delayed engraftment

Post-transplantation

 Mucositis

 Severity and duration of neutropenia

 GVHD

 T-cell depleting strategies

  Nosocomial factors (antibiotic-resistant organisms, 
indwelling catheters, construction, type of air filtration, 
transmission of infection by health-care providers)

Table 3.3 Factors that increase the risk of respiratory infections 
following HSCT
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upper airway organisms, the fact that most of these 
patients are on prophylactic antibiotics and the limita-
tions in performing invasive procedures such as bron-
choscopy to confirm the cause of infection. There is 
ongoing controversy on the value of these invasive 
procedures in the diagnosis of bacterial pneumonia in 
these patients [8].

Factors that generally increase the risk of bacterial 
pneumonia in patients with hematological malignancies 
include their immune status, chemotherapeutic regimen, 
and degree and duration of neutropenia [4, 15]. The 
presence of GVHD in patients with allogeneic HSCT 
significantly increases the risk of bacterial pneumonia 
because of slower reconstitution of the immune system, 
impairment of the reticuloendothelial system and 
opsonization. Furthermore, the immunosuppressive 
therapy to treat GVHD increases the risk of bacterial 
pneumonia in these patients [15]. Other factors that pre-
dispose to bacterial pneumonia include mucositis that 
increases the risk of aspiration, especially with the use 
of narcotic analgesics. Indwelling catheters that increase 
the risk of bacteremia and septic embolization to the 
lungs (Fig. 3.2) [16]. The presentation of bacterial pneu-
monia in patients with hematological malignancies may 
be subtle, and not infrequently patients present with 
neutropenic fever with no localizing symptoms and 
signs due to blunted inflammatory response [17]. 
Radiological signs may also be scarce. The chest radio-
graph usually shows focal consolidation, however may 

be normal. The infiltrates may progress quickly to mul-
tifocal or diffuse changes that are compatible with acute 
respiratory distress syndrome. High-resolution comput-
erized tomography of the chest is recommended in 
febrile neutropenic patients, which may show pulmo-
nary infiltrates in up to 50% of patients with negative 
chest radiographs [18, 19]. A chapter from Heussel in 
this book details the different CT patterns in hemato-
logical patients with pulmonary infiltrates. The main 
organisms identified as causes of bacterial pneumonia in 
neutropenic patients and during the pre-engraftment 
phase of HSCT are usually gram-negative bacteria such 
as pseudomonas, klebseilla and enterobacter. In a recent 
report of the utility of bronchoscopy following HSCT, 
the most commonly isolated bacteria following HSCT 
was pseudomonas that was resistant to the current anti-
biotics [8]. There is also increasing incidence of gram-
positive bacteria, such as S. aureus, Enterococcus 
faecium and a-hemolytic streptococcus, which may be 
associated with septic shock and acute respiratory dis-
tress syndrome. Anaerobic organisms may be causative 
agents in the case of aspiration [16, 20, 21].

Following HSCT, patients continue to be at risk 
for bacterial pneumonia post engraftment of the stem 
cells, albeit less frequently. The risk factors for bacte-
rial pneumonias during this period are the presence of 
acute or chronic GVHD and the immunosuppressive 
therapy used to treat these patients. These patients are 
at risk of infection with encapsulated organisms  
such as S. pneumoniae and H. influenza. However, 
 gram-negative organisms may be the etiology in up to 
25% of patients [12, 14, 15, 22]. In a report of 1,359 
HSCT recipients, 25% of the patients developed at 
least one episode of pneumonia. Bacterial pneumonia 
was documented in 9% of all patients and was the 
most common etiology in those in whom an organism 
was identified. The most frequent isolate was S. pneu
moniae, and gram-negative organisms were isolated 
in 23% of those patients. The 1-year survival of 
patients after bacterial pneumonia was 71% [22]. In 
another report, S. pneumoniae pneumonia was docu-
mented in 0.7% of HSCT recipients. The majority of 
these patients underwent allogeneic HSCT and had 
chronic GVHD. Infection was more common in 
patients with a history of lymphoma and those on 
high-dose corticosteroid therapy. Pneumococcal vac-
cine breakthrough developed in 11% of the cases. 
The infection occurred a mean of 433 ± 669 days post 
transplan tation, and 76% of the patients had 

Fig. 3.2 CT scan of the chest showing multiple peripheral nod-
ules, some with cavitation, consistent with septic pulmonary 
emboli in a HSCT recipient with methacillin resistant S aureus 
bactermia secondary to indwelling central venous catheter
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bacteremia. Mortality due to pneumococcal infection 
was 13%. Admission to the critical care unit and 
higher APACHE II score were associated with worse 
outcome [23].

A retrospective report on invasive pseudomonas 
infection following HSCT revealed the incidence to 
be 1.65% a median of 63 days post HSCT. Attributable 
mortality was 36%. The risk factors for poor out-
come were the presence of copathogens and high-
dose corticosteroid therapy. Sixteen percent had 
recurrence of pseudomonas infection [24]. The clini-
cal and radiological picture is usually classical for 
bacterial pneumonia. Antibiotic therapy during this 
period should be based on the organisms suspected 
or identified.

Patients with hematological malignancies are 
infrequently reported to develop Legionella pneumo-
nia. A recent study of 49 patients found that lym-
phopenia, the use of systemic corticosteroids and 
chemotherapy were the most common underlying 
conditions. Positive DFA was the diagnostic method 
in 84% of patients. The case fatality rate was 31% 
[25]. A prolonged course of therapy with macrolide 
or fluroquinolone may be necessary in the majority of 
patients. Legionella pneumonia has also been reported 
following HSCT. Allogeneic HSCT recipients with 
GVHD seem to be at highest risk for this infection 
[17, 26].

Empiric broad-spectrum antibiotics should be 
started immediately when bacterial pneumonia is sus-
pected in patients with hematological malignancies. 
The American Thoracic Society guidelines for the 
treatment of health-care associated pneumonia in 
patients with risk factors such as HSCT or neutrope-
nia recommend a regimen that includes antip-
seudomonal cephalosporin or carbepenem, or B 
lactam, plus antipseudomonal fluroquinolone or 
aminoglycoside, plus linezolid or vancomycin if 
methicillin-resistant S. aureus is suspected. In patients 
who develop bacterial pneumonia late following 
HSCT, coverage of encapsulated organisms with a 
fluoroquinolone is recommended. The antibiotic regi-
men should be narrowed if the etiologic agent is iden-
tified [27, 28]. The institutional resistance pattern 
needs to be considered when determining the choice 
of antibiotics [19]. Further recommendations on the 
use of anti-bacterial agents in patients with hemato-
logical malignancies are provided in the chapter from 
Legrand et al.

Prophylactic measures against bacterial pneumonia 
include intravenous immunoglobulins in allogeneic 
HSCT recipients with low IgG level (Table 3.4) [29]. 
Antibiotics with activity against encapsulated organ-
isms are recommended during the treatment of chronic 
GVHD. However, it should be noted that the routine 
use of prophylactic fluoroquinolones in the early post-
transplant phase may be associated with an increased 
incidence of infections due to coagulase-negative 
staphylococci and gram-negative bacilli resistant to 
fluorquinolones [30].

Nocardia infection has been rarely reported in 
patients with hematological malignancies with an 
incidence ranging between 0.3 and 1.7% [31, 32]. In 
a study of 6,759 HSCT recipients, 22 cases of proven 
or probable nocardia infection were reported [32]. 
The infection was diagnosed a median of 210 days 
following transplantation. The main predisposing 
factors for developing nocardiosis were neutropenia, 
active acute or chronic GVHD, and lack of prophy-
laxis with trimethoprim-sulfamethoxezole (TMP-
SMZ). In all except one patient, Nocardia asteroides 
was the causative agent. Pulmonary involvement 
occurs in 56% of patients, and the most common 
radiological findings are nodules with or without 
infiltrates. Cavitary lung lesions and empyema are 
other common features of nocardia infection 
(Fig. 3.3). The diagnosis of nocardia pneumonia is 
usually made by bronchoalveolar lavage (BAL), 
although occasionally the organism is detected by 
culture of sputum or tracheal secretions. If these 
methods are nondiagnostic, then the diagnosis could 
be confirmed by CT-guided aspirate of a pulmonary 
nodule or surgical lung biopsy. In 36% of patients 
there is co-infection with other organisms such as 
CMV and Aspergillus [32].

Treatment of nocardia infection is by prolonged 
administration of TMP-SMZ. Second-line agents are 
available if there are allergy or side effects associated 
with sulfa preparations. These second-line agents 
include amikacin, minocycline, cephalosporin or imi-
penem. Response to treatment is generally good, and 
long-term survival in patients with nocardiosis is not 
significantly different from controls [32]. Prophylaxis 
against P. jiroveci using low-dose TMP-SMZ has an 
added benefit of reducing the incidence of nocardia 
infection in high-risk patients.

An entire chapter on pulmonary tuberculosis and 
other mycobacterial infections in patients with 
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hematological malignancies is presented in this book 
by Dr. Al Anazi and colleagues. Briefly, Myco
bacterium tuberculosis is rare in patients with hemato-
logical malignancies. The incidence of M. tube 
rculosis in patients with hematological malignancies 
varies significantly depending on whether the patients 
lived in an endemic area. In a large cancer center in the 
United States, the overall rate of active M. tuberculosis 
infection was 0.2 in 1,000 new cancer diagnoses. Five 
out of the 18 patients described had hematological 
malignancies, and 4 were neutropenic [33]. In a report 

from India of 130 patients with acute leukemia, 9 cases 
(6.9%) had active tuberculosis [34]. In HSCT recipi-
ents the reported incidence of M tuberculosis ranges 
from 0.4% to 5.5% [35–40] The prevalence of M. 
tuberculosis in autologous HSCT is similar to that in 
the general population, whereas in allogeneic HSCT 
recipients, M. tuberculosis infection increased by 
threefold [36].

A recent review of the literature reported the over-
all frequency of M. tuberculosis infection in HSCT 
recipients to be 0.4%, with only 2% of infections 

Infection First choice Alternate choice Comments

Bacteria Fluoroquinolone Macrolides Intravenous immunoglobulins only 
if IgG level <400 mg/dL

Intravenous immunoglobulins

Pneumococcal vaccine

H. influenza B vaccine

Mycobacteria Isoniazid 300 mg/day Rifampin 9-month therapy Add pyridoxine 
25–50 mg daily

Aspergillus Posaconazole 200 mg three times 
daily

Voriconazole

Itraconazole

Echinocandins

Candida Fluconazole 400 mg/day orally or IV Echinocandins During neutropenia

Voriconazole

P. jiroveci TMP/SMZ double-strength one  
tablet/day or three times/week

Dapsone Prolonged corticosteroids treatment

Aerosolized 
pentamidine

Allogeneic HSCT: from engraft-
ment for 6 months and during 
immunosuppressive therapy for 
GVHD

CMV Gancyclovir 5 mg/kg/dose twice 
daily for 7–14 days, followed by 
5 mg/kg/day for 5 days/week

Foscarnet Allogeneic HSCT: until day 100 or 
for a minimum of 3 weeks. Monitor 
CMV antigen for duration of 
treatment

Valgancyclovir

RSV RSV immunoglobulins 750 mg/kg/
month

Aerosolized ribavirin Based on pediatric HSCT during 
the high season months

Influenza Lifelong annual seasonal Influenza 
vaccine

Rimantadine

Amantadine

Oseltamivir

Herpes Acyclovir 200 mg orally 3 times/ 
day or 250 mg/m2/dose twice daily 
intravenously

Valacyclovir HSCT: Until engraftment or day 30

Herpes zoster virus Herpes zoster immunoglobulin 625  
U IM

Acycolvir

Valacycolvir

Table 3.4 Suggested prophylactic options against respiratory infections in patients with hematological malignancies
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developing during neutropenia; 23% were during the 
first 100 days post-transplantation, and 75% were after 
the first 100 days [40]. In another review of 2,241 
patients who underwent HSCT, only 11 patients 
(0.49%) had mycobacterial infection; 2 patients had 
M. tuberculosis, 2 M. avium intracellulare and the rest 
had rapidly growing mycobacteria organisms. All 
patients responded well to antimycobacterial treat-
ment [35].

The main risk factors for M. tuberculosis in 
patients with hematological malignancies are alloge-
neic transplantation, total body irradiation, chronic 
GVHD, corticosteroid therapy and residence in 
endemic areas [36–40]. In HSCT recipients the 
median time for M. tuberculosis infection was 
324 days in one study [36]. The clinical and radio-
logical picture of M. tubercu losis infection in these 
patients is generally similar to non-immunocom-
promised patients. However, atypical presentations, 
including rapidly progressive  disease, lack of cavita-
tion and extrapulmonary manifestations, have been 
described in patients with hematological malignan-
cies [33, 41]. The diagnosis of M. tuberculosis infec-
tion is usually made by smear and culture from 
sputum, BAL or pleural fluid samples. Rapid diagno-
sis of M. tuberculosis may be established by PCR test 
on the above samples. It is important to check the 
positive samples for drug susceptibility.

Treatment of M. tuberculosis infection in patients 
with hematological malignancies is similar to other 
patient populations. However, rifampin should be used 
with caution because of potential interaction with 
 commonly used medications in this patient population, 
such as fluconazole and calcineurin inhibitors [19, 42]. 
Some studies suggested a full 1 year of treatment [40].

Diagnosis of latent M. tuberculosis may be difficult 
in patients with hematological malignancies given the 
degree of immunosuppression. The tuberculin skin test 
with 5 mm or more induration as well as a history of 
significant exposure to patients with active M. tubercu
losis infection may be indications for treatment [19]. 
Diagnostic yield of T-cell interferon gamma release 
blood assays is important [43].

Nontuberculous mycobacterial infections (such as 
M. avium complex, M. kansasii, M. chelonae) are rare in 
patients with hematological malignancies. In HSCT 
recipients the incidence has been generally reported to 
be less than 1% of all patients [44]. However, in one 
report from Memorial Sloan Kettering Hospital, the 
incidence of nontuberculous mycobacterial infection 
was 2.8% of HSCT recipients [45]. This higher inci-
dence was considered to be related to environmental and 
historical factors. In a review of 93 cases of nontubercu-
lous mycobacterial infection in HSCT recipients reported 
in the literature, the median time to diagnosis was 
4 months following transplantation, and 46% of patients 
had GVHD. The infection resolved with medical ther-
apy in 62% of patients. The attributed mortality to non-
tuberculous mycobacteria was 7.5% [44]. Non tuberculous 
mycobacteria may colonize the airways of the patients 
having chronic lung disease, such as bronchiectasis, 
which may create a challenge in determining the signifi-
cance of isolating these bacteria from lower respiratory 
tract samples. In the case of M. avium intracellulare, 
first-line therapeutic agents include clarithromycin, 
azithormycin, ethambutol, rifampin and rifabutin for 
18 months (12 months after negative cultures) [46, 47].

3.4  Fungal Infections

3.4.1  Aspergillus

Aspergillus is a filamentous fungus that is ubiquitous 
in the environment. The Aspergillus species are pres-
ent in the environment as small conidia that are 

Fig. 3.3 CT scan of the chest showing a wedge shaped infiltrate 
in the left upper lobe with cavitation in a patient with GVHD on 
immunosuppressive therapy following HSCT who developed 
nocardia pneumonia
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regularly inhaled into the lungs. In the lungs, they 
change into hyphae that are short and septate, with 
acute angle branching. Alveolar macrophages and 
peripheral blood neutrophils are the primary defense 
mechanism against this fungus. T helper cells and their 
cytokines (such as TNF-a, interferon-g, IL-12 and 
IL-15) augment the activity of macrophages and neu-
trophils against Aspergillus. Neutropenia and defects 
in T-helper cell function in patients with hematological 
malignancies make these patients especially vulnerable 
to invasive disease by Aspergillus. A chapter from 
Bougnoux and colleagues in this book reports an up-
to-date and comprehensive review on invasive pulmo-
nary aspergillosis in patients with hematological 
malignancies. Invasive pulmonary aspergillosis (IPA) 
is the most common invasive fungal infection in 
patients with hematological malignancies, with a 
steady rise in the documented cases. Following HSCT, 
the risk for IPA is much higher following allogeneic 
HSCT when compared to autologous transplantation 
(incidence is 0.5–4% in autologous HSCT compared to 
2.3–15% in allogeneic HSCT [48–52]). After autolo-
gous HSCT, IPA is mainly seen during the neutropenic 
phase. In allogeneic HSCT, the highest risk is in 
patients with severe GVHD (grade III-IV). In a study 
by Marr et al., the probability of IPA following alloge-
neic HSCT reached approximately 5% at 2 months, 
9% at 6 months and 10% at 1 year following allogeneic 
HSCT. By the third year after transplantation, the prob-
ability of IPA increased minimally to 11.1% [50]. In 
these patients, the timeline for IPA infection follows a 
bimodal distribution, with a peak in the first month fol-
lowing HSCT, which is associated with neutropenia. 
The second peak is during the treatment for GVHD 
(median 78–112 days post transplantation) [49, 51, 
53]. The first peak is currently less significant due to 
the routine use of stem cell instead of bone marrow for 
transplantation, non-myeloablative regimens, the use 
of colony-stimulating factors during neutropenia and 
the widespread use of antifungal agents have signifi-
cantly decreased the incidence of IPA during this 
period [49, 54]. On the other hand, the incidence of 
IPA during the treatment of GVHD has become more 
significant, especially with higher incidence of GVHD 
associated with unrelated allogeneic transplantation 
and nonmyeloablative HSCT. Cord blood HSCT is 
also associated with increased risk of IPA. In one study 
of patients who received low intensity cord blood trans-
plantation, the 3-year accumulative incidence of IPA 

was 10% with mortality of 86%. All of these patients 
developed IPA in the first 100 days post transplantation 
(median 20 days) [55]. Also the risk of IPA increases 
with the use of Alemtuzumab, which is an anti-DC52 
monoclonal antibody used to deplete peripheral B and 
T lymphocytes [49, 50, 52]. Treatment of GVHD with 
intensive immunosuppressive therapy, including corti-
costeroids, cyclosporine A and anti-TNF- a agents, 
further increases the risk of IPA [49, 50, 56–58]. There 
is also evidence that CMV infection in these patients 
increases the risk of IPA [50, 59]. The hazards ratio for 
IPA in the setting of CMV disease increases by 13.3 
folds (95% CI 4.7–37.7) [51]. A recent retrospective 
review of 385 cases of suspected or documented IPA in 
patients with hematological malignancies over a 9-year 
period revealed that the overall and disease-specific 
survival rates were 52% and 60%, respectively. Factors 
that predicted mortality were allogeneic HSCT, neutro-
penia, progression of the underlying malignancy, prior 
respiratory disease, corticosteroids therapy, renal 
impairment, low monocyte counts, disseminated asper-
gillosis and pleural effusion [60].

Aspergillus is most often introduced to the lower 
respiratory tract by inhalation of the infectious spores. 
Less commonly, IPA may start in locations other than 
the lungs, like sinuses, the gastrointestinal tract, or the 
skin (intravenous catheters or prolonged skin contact 
with adhesive tapes) [61–64]. Patients present with 
symptoms that are usually non-specific and consistent 
with bronchopneumonia, with fever unresponsive to 
antibiotics, cough, sputum production and dyspnea. 
Patients may also present with pleuritic chest pain (due 
to vascular invasion leading to small pulmonary infarcts) 
and hemoptysis, which is usually mild, but could be 
massive. IPA is one of the most common causes of 
hemoptysis in neutropenic patients and has been 
reported to be associated with cavitation that occurs 
with neutrophil recovery [65]. Aspergillus infection 
may also disseminate hematogenously to other organs, 
most commonly the brain (leading to seizures, ring-
enhancing lesions, cerebral infarctions, intracranial 
hemorrhage, meningitis and epidural abscess), and less 
frequently other organs such as skin, kidneys, pleura, 
heart, esophagus and liver may be involved [66].

The diagnosis of IPA is challenging. Early diagno-
sis of IPA in patients with hematological malignancies 
remains difficult, and a high index of suspicion is nec-
essary in patients with risk factors for invasive disease. 
Histopathological diagnosis by examining lung tissue 
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obtained by surgical lung biopsy remains the “gold 
standard” for the diagnosis of IPA [67]. The presence 
of septate, acute, branching hyphae invading the lung 
tissue samples along with a culture that is positive for 
Aspergillus species from the same site is diagnostic of 
IPA. Histopathological examination also allows for the 
exclusion of other diagnoses, such as malignancy or 
nonfungal infectious diseases. The histopathological 
findings associated with IPA have been recently shown 
to differ according to the underlying host. In patients 
with allogeneic HSCT and GVHD, there is intense 
inflammation with neutrophilic infiltration, minimal 
coagulation necrosis and low fungal burden. On the 
other hand, IPA in neutropenic patients is character-
ized by scant inflammation, extensive coagulation 
necrosis associated with hyphal angioinvasion and 
high fungal burden. Dissemination to other organs is 
equally high in both groups [68].

The chest radiograph has a small role in early stages 
of the disease because the incidence of non-specific 
changes is high. Usual findings include rounded densi-
ties, pleural-based infiltrates that are suggestive of pul-
monary infarctions and cavitations. Pleural effusions 
are uncommon [69, 70]. Chest CT scan, especially 
when combined with high-resolution images, is a much 
more helpful tool in the diagnosis of IPA. The routine 
use of high-resolution CT of the chest early in the course 
of IPA has been shown to lead to earlier diagnosis and 
improved outcome of these patients [71, 72]. It also aids 
further diagnostic studies such as bronchoscopy and 
surgical lung biopsy [73]. The typical chest CT scan 

findings in patients suspected to have IPA include: mul-
tiple nodules and the halo sign, which is mainly seen in 
neutropenic patients early in the course of infection 
(usually in the first week), and appears as a zone of low 
attenuation due to hemorrhage surrounding the pulmo-
nary nodule (Fig. 3.4). Another late radiological sign is 
the air crescent sign, which represents crescent-shaped 
lucency in the region of the original nodule secondary 
to necrosis [70, 74]. Neither the halo nor the air crescent 
signs are sensitive to or pathognomic of IPA. The halo 
sign may be found as a result of metastasis, organizing 
pneumonia or other fungal infection [75]. Greene et al. 
found that 94% of 235 patients with a confirmed diag-
nosis of IPA had at least one nodular region [76]. In 
another recent report of 27 patients with IPA following 
allogeneic HSCT, the most common radiological find-
ings were ill-defined consolidation (48%), nodules with 
halo sign (44%), centrilobular nodules (44%), ground-
glass-attenuation (22%) and pleural effusion (26%) 
[77]. In a large study of 236 patients with IPA, 86% of 
whom had hematological malignancies, the halo sign 
was detected in 61% of the cases. In the study popula-
tion as a whole, and specifically in patients with hema-
tological malignancies, the presence of the halo sign 
predicted better response to antifungal therapy [78]. On 
the other hand, in a retrospective study done on 45 
patients, Horger et al. found that none of the early high-
resolution CT scan signs (nodule, consolidation, peri-
bronchial infiltrates) seems to predict patient outcome 
or the development of pulmonary hemorrhage [79]. 
However, pulmonary hemorrhage is expected to occur 

Fig. 3.4 (a) High resolution CT scan of the chest showing right 
upper lobe nodule with the Halo sign in a patient with non-
Hodgkin’s lymphoma and neutropenia who developed IPA.  

(b) Shows residual cavity formation after 2 months of treatment 
with antifungal agent
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in the presence of large cavitating nodules or consolida-
tions located close to larger pulmonary vessels.

The significance of isolating Aspergillus species in 
sputum samples depends on the immune status of the 
host. In patients with hematological malignancies, iso-
lation of Aspergillus species from sputum is highly 
predictive of invasive disease. Studies have shown that 
sputum samples that are positive for Aspergillus in 
these patients have a positive predictive value of 
80–90% [80–82]. However, sputum samples that are 
negative could not rule out IPA, since negative sputum 
studies have been noted in 70% of patients with con-
firmed IPA [82, 83]. Blood cultures are rarely positive 
in patients with confirmed IPA [84].

Bronchoscopy with BAL is generally helpful in the 
diagnosis of IPA, especially in patients with diffuse 
lung involvement. Visualization of the bronchial tree 
may also provide arguments for IPA in patients with 
airway-invasive IPA. The sensitivity and specificity of 
a positive result of BAL fluid are around 50% and 97%, 
respectively. The yield of BAL in the diagnosis of IPA 
is not consistent, and there are reports of much lower 
diagnostic yield [80, 81, 85–89]. BAL is generally a 
safe and useful tool in non-hypoxemic patients with 
hematological malignancies suspected to have IPA. In 
addition to obtaining samples for fungal stain and cul-
ture, it may be useful in detecting Aspergillus antigens 
in the BAL fluid and excluding other infections. 
Transbronchial biopsies usually do not add much to the 
diagnosis of IPA and are associated with increased risk 
of bleeding, so they are usually not performed [80].

In the setting of diagnostic workup for IPA, it is 
important to send samples such as sputum, BAL fluid or 
lung tissue for culture as well as for histological exami-
nation. This is because other fungal species, such as 
scedosporium, pseudallescheria and fusarium, may 
have a similar histological appearance as Aspergillus 
[90]. Furthermore, there are different species of 
Aspergillus that may lead to IPA. While Aspergillus 
fumigatus is the most common cause of IPA, there are 
increasing reports of IPA in patients with hematological 
malignancies due to other species such as A. niger, A. 
terreus and A. flavus [91–95]. Some of these species 
(such as A. terreus and A. nidulans) are resistant to 
amphotericin B [92, 95]. In a review of 300 patients 
with hematological malignancies (40% were HSCT 
recipients) with proven IPA, A. terreus was the second 
most common species isolated with a frequency of 23%. 
The risk factors and outcome for A. terreus infection 
were similar to those for A. fumigatus infection; 

however the former was significantly more likely to be 
nosocomial in origin and more likely to be resistant to 
amphotericin B [94]. The new triazole antifungal agents 
such as voriconazole and posaconazole have signifi-
cantly better efficacy against A. terreus [92, 93, 96].

The most recent advances in the diagnosis of IPA 
are related to detecting Aspergillus antigens in body 
fluids. Galactomannan (GM) is a polysaccharide cell-
wall component that is released by Aspergillus during 
growth. A double-sandwich ELISA for the detection 
of GM in serum was approved by the Food and Drug 
Administration for the diagnosis of IPA, with a thresh-
old of 0.5 ng/mL. It is reported that serum GM can be 
detected several days before the presence of clinical 
signs, an abnormal chest radiograph or positive cul-
ture. Thus, GM detection may allow earlier confirma-
tion of the diagnosis, and serial determination of serum 
GM values may be useful in assessing the evolution of 
infection during treatment [97, 98].

A meta-analysis study was undertaken by Pfeiffer 
et al. to assess the accuracy of a GM assay in diagnos-
ing IPA. Twenty-seven studies from 1996 to 2005 were 
included, and cases were diagnosed to have IPA 
according to the European Organization for Research 
on Treatment of Cancer/Mycoses Study Group 
(EORTC/MSG) criteria. Overall, the GM assay had a 
sensitivity of 71% and specificity of 89% for proven 
cases of invasive aspergillosis. The negative predictive 
value was 92–98%, and the positive predictive value 
was between 25% and 62% [99]. Pfeiffer and col-
leagues concluded that GM assay is more useful in 
patients who have hematological malignancies or who 
have undergone allogeneic HSCT than in solid-organ 
transplant recipients or nonneutropenic patients.

GM is found in food and may be absorbed by the 
digestive tract, especially in patients with postchemo-
therapy mucositis, resulting in a false-positive reac-
tion. Also medications such as b-lactam antibiotics 
(e.g., piperacillin/tazobactam) may be associated with 
false-positive GM assay, while antifungal agents with 
activity against Aspergillus may lead to a false-nega-
tive test [100–103]. It is noteworthy that GM assay is 
species specific, and it is not possible to exclude the 
involvement of other molds such as Fusarium, 
Zygomycetes and dematiaceous fungi by measuring 
serum GM [104].

There is evidence that GM is detected in other body 
fluids such as BAL, urine and cerebrospinal fluid, and 
that these tests may become positive prior to clinical 
and radiological findings suggestive of IPA [104–107]. 
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A recent prospective study of 200 patients with hema-
tological malignancies and profound neutropenia 
found that GM assay from BAL had a sensitivity of 
100% for IPA compared to 71% by serum GM assay 
[108]. Another study done by Musher et al. showed 
that incorporating GM assay and quantitative PCR 
assay into standard BAL fluid analysis may enhance 
bronchoscopic identification of Aspergillus species as 
the cause pulmonary disease in patients with hemato-
logical malignancies [105]. Serial serum GM assay 
has also been shown to help in the early detection of 
IPA and as a surrogate to response to therapy. In a 
study of 70 neutropenic patients with IPA, serum GM 
assay was performed three times weekly after the start 
of antifungal therapy until GM index negativity or 
death. The patients who had normalization of the 
serum GM index did significantly better than those 
who continued to have positive serum GM [109].

Polymerase chain reaction (PCR) is another way to 
diagnose IPA by the detection of Aspergillus DNA in 
BAL fluid and serum. A positive Aspergillus PCR in 
BAL fluid has an estimated sensitivity of 67–100% and 
specificity between 55% and 95% [110]. PCR sensitiv-
ity and specificity have also been reported as 100% and 
65–92%, respectively, in serum samples [110–113]. 
However, this test is often associated with false-positive 
results because it doesn’t discriminate between coloni-
zation and infection. PCR for Aspergillus nucleic acid 
detection remains restricted to highly specialized labo-
ratories and cannot be considered as a routine exam.

Detection of serum (1 → 3)-b-d-glucan, a fungal cell 
wall constituent, has recently received Food and Drug 
Administration approval. Determination of plasma 
(1 → 3)-b-d-glucan has been reported to be a highly sen-
sitive and specific test for invasive deep mycosis, includ-
ing candidiasis, fusariosis, Pneumo cystosis and 
aspergillosis, and could be useful in the immunocom-
promised patients [114]. A prospective study of 95 
patients with hematological malignancies and neutrope-
nia evaluated the value of monitoring the serum level of 
(1 → 3)-b-d-glucan twice weekly in the absence of fever 
and daily in the presence of fever in the early diagnosis 
of IPA. Thirteen patients developed IPA, 15 patients had 
candidiasis, and 2 patients had mixed invasive fungal 
infections. The sensitivity, specificity, positive predic-
tive value and negative predictive value of two consecu-
tive positive (1 → 3)-b-d-glucan values were 0.63, 0.96, 
0.79 and 0.91, respectively [115]. The utility of routine 
monitoring of this assay in patients with hematological 
malignancies at high risk for IPA is not yet defined.

The role of GM and other serological studies in the 
diagnosis of IPA is evolving. Furthermore, their role in 
different hosts, as surveillance tools, and their impact 
on the outcome of patients are not clear. There are 
ongoing prospective studies to address these issues. 
Until solid data are available, these tests should be 
considered as adjunct diagnostic studies, and should 
not replace appropriate clinical and radiological evalu-
ation, and in selected cases, invasive procedures to 
confirm the diagnosis of IPA.

The EORTC/MSG has revised its criteria for the 
diagnosis of invasive fungal infections [116, 117]. 
These criteria consist of host factors, microbiologic, 
minor and major clinical criteria (Table 3.5). Positive 
serum GM, with the appropriate host and clinical 

Diagnosis Criteria

Proven IPA Histopathologic or cytopathologic 
examination of lung tissue showing 
hyphae from needle aspiration or 
biopsy specimen with evidence of 
associated tissue damage; OR

Positive culture result for Aspergillus 
from a sample obtained by sterile 
procedure from the lung and 
clinically or radiologically abnormal 
site consistent with infection

Probable IPA Host risk factora; AND

Microbiological criteria (positive 
Aspergillus microscopy or culture 
from the sputum or BAL, or positive 
GM assay); AND

Clinical criteria consistent with the 
infection (1 major or 2 minor)b

Possible IPA Host risk factor; AND

Microbiological criteria (positive 
Aspergillus microscopy or culture 
from the sputum or BAL, or positive 
GM assay from one BAL or at least 
two serum samples); OR

Clinical criteria consistent with the 
infection (1 major or 2 minor)a

Table 3.5 The diagnostic criteria for IPA

aAt least one of the following host factors include neutropenia 
(<500 cells/mm3 for >10 days), allogeneic HSCT, prolonged 
corticosteroid therapy (>0.3 mg/kg/day of prednisone or equiva-
lent for >3 weeks); T cell suppressant therapy
bMajor clinical criteria are: new characteristic infiltrates on CT 
imaging (halo sign, air-crescent sign, or cavity within area of 
consolidation). Minor clinical criteria are: Symptoms of LRTI 
(cough, chest pain, hemoptysis, or dyspnea); physical finding of 
pleural rub; any new infiltrate not fulfilling major criterion; pleu-
ral effusion
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factors, can be considered as “probable” IPA. The 
EORTC/MSG criteria are not evidence-based and are 
not prospectively validated. Instead, they are meant to 
serve as a guide for clinical and epidemiological 
research and need not be present in every patient to 
treat for IPA.

The treatment of IPA is difficult, and the mortality 
rate is still high despite the introduction of several new 
antifungal agents. Herbrecht and colleagues report in 
this book a very comprehensive and up-to-date contri-
bution on antifungal agents. Therapy should be consid-
ered as soon as there is a clinical suspicion of IPA and 
while a workup is underway. For many years, amphot-
ericin B has been the first line of therapy for IPA. The 
recommended dose is 1–1.5 mg/kg/day. Amphotericin 
B is known, however, to cause serious side effects, 
including nephrotoxicity, electrolyte disturbances and 
hypersensitivity. For these reasons, this agent nowa-
days has little role to play in the treatment of IPA, and 
newer lipid-based preparations of amphotericin B 
(e.g., liposomal amphotericin B and lipid complex 
amphotericin B) have been introduced to minimize 
these side effects. Higher doses of the lipid formula-
tions are needed for equivalent antifungal efficacy to 
amphotericin B. Voriconazole is a new broad-spectrum 
triazole that is approved as the initial treatment of inva-
sive aspergillosis and is currently considered the treat-
ment of choice in many patients with IPA [118–120]. 
In a large prospective, randomized, multicenter trial, 
voriconazole was compared to amphotericin B as the 
primary therapy for IPA [121]. Patients receiving vori-
conazole had a higher favorable response rate at week 
12 (53% compared with 32% in patients receiving 
amphotericin B) and a higher 12-week survival (71% 
compared with 58%). Voriconazole is available in both 
intravenous and oral formulations. The recommended 
dose is 6 mg/kg twice daily intravenously on day 1 fol-
lowed by 4 mg/kg/day. After 7 days, switching to 
200 mg orally twice daily may be considered. 
Voriconazole has a milder side effect profile and is 
much better tolerated than amphotericin B. The most 
frequent adverse effect is visual disturbances described 
as blurred vision, photophobia and altered color per-
ception. Liver function test abnormalities and skin 
reactions are less common side effects associated with 
voriconazole treatment. It is important to note that 
voriconazole is associated with a significant number of 
drug-drug interactions such as cyclosporine, warfarin, 
terfenadine, carbamazepine, quinidine, rifampin, sta-
tins and sulfonylureas [118].

Posaconazole is another broad-spectrum triazole 
that has been shown to be effective and safe as salvage 
therapy in patients with invasive aspergillosis refrac-
tory to standard antifungal therapy [96, 122, 123].

Echinocandin derivatives such as caspofungin, 
micafungin and anidulafungin are effective agents in 
the treatment of IPA refractory to standard treatment 
or if the patient could not tolerate first line agents [124, 
125]. In its recent guidelines, The Infectious Disease 
Society of America recommends voriconazole as the 
primary treatment for IPA in most patients and lipo-
somal amphotericin B as an alternative treatment for 
some patients. For salvage therapy, agents include 
lipid-based preparations of amphotericin A, posacon-
azole, itraconazole, caspofungin or micafungin [126].

Some studies have suggested that combination anti-
fungal therapy could be a strategy to treat refractory 
IPA [127, 128]. There are no prospective randomized 
studies that show superior efficacy of combination 
therapy over a single agent in the primary manage-
ment of IPA. There are in vitro and limited clinical 
studies in the form of case reports and retrospective 
case series that show a benefit from combining anti-
fungal agents as salvage therapy in refractory IPA 
[128–131]. The combination of caspofungin and lipo-
somal amphotericin B as a salvage therapy showed an 
overall response rate of 42%; however, in patients with 
progressive documented IPA, the response rate was 
only 18% [128]. A survival advantage of voriconazole 
plus caspofungin compared with voriconazole alone 
was reported by Marr et al. in a retrospective analysis 
of salvage therapy for IPA [130]. On the other hand, 
the report by Denning et al. showed no difference in 
the response rate between patients who received mica-
fungin alone or in combination with other antifungal 
agents as primary or salvage therapy for IPA [132]. 
Combination therapy of an echinocandin with either a 
lipid formulation of amphotericin B or triazole agent 
appears to be promising, however cannot be recom-
mended for the routine treatment of primary IPA. 
Controlled randomized prospective studies are needed 
to document the value of this approach.

Surgical resection has a limited role in the man-
agement of patients with IPA; however, it should be 
considered in cases of massive hemoptysis or pulmo-
nary lesions close to the great blood vessels or peri-
cardium, or the resection of residual localized 
pulmonary lesions in patients with continuing immu-
nosuppression. Several reports have shown the rela-
tive efficacy and safety of surgical intervention – in 
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addition to antifungal therapy – in these situations 
[72, 133–138].

Immunomodulatory therapy, such as using colony-
stimulating factors (i.e., granulocyte-colony stimulat-
ing factors, granulocyte macrophage-colony stimulating 
therapy) or interferon-g, could be used to decrease the 
degree of immunosuppression and as an adjunct to 
antifungal therapy for the treatment of IPA. Colony-
stimulating factors stimulate the bone marrow to pro-
duce more neutrophils and have been shown to augment 
the phagocytic activity of neutrophils against fungi, 
including Aspergillus species [139–141]. There is a 
theoretical advantage to adding these agents to the 
treatment of neutropenic patients suspected to have 
IPA. In one randomized study in patients receiving 
chemotherapy for acute myelogenous leukemia, pro-
phylaxis with GM-CSF led to a lower frequency of 
fatal fungal infections compared with placebo (1.9% 
vs. 19%, respectively) and reduced overall mortality 
[142]. It is recommended to consider colony-stimulat-
ing factors in neutropenic patients with serious infec-
tions; however, there are no definitive studies that show 
benefit in patients with IPA [143]. Interferon-g is 
another cytokine that has been shown in vitro and in 
animal models to augment immunity by increasing 
neutrophil and monocyte activity against Aspergillus 
[140, 144, 145]. The value of adding interferon-g as an 
adjunct treatment of IPA is limited to case reports and 
small reports, and there are no guidelines on its role in 
the treatment of IPA [146]. There was a concern about 
the use of interferon-g in allogeneic HSCT recipients, 
since it may worsen GVHD; however, a recent trial 
showed that GVHD may actually improve during this 
therapy [147]. Granulocyte transfusion is another 
potential supportive therapy for patients with prolonged 
neutropenia and life-threatening infections refractory 
to conventional therapy. It has been shown that it is 
safe for potential donors to donate neutrophils by gran-
ulocytophoresis; however, there are no randomized 
studies that prove the benefit of adjuvant granulocyte 
transfusion in the treatment of IPA [148]. A review of 
66 observational studies of patients who received gan-
ulocyte transfusions, either prophylactic or therapeutic, 
in the management of gram-negative bacterial or fun-
gal infections suggested survival in 70% [149]. It is 
also important in patients with IPA, whenever possible, 
to decrease the dose of systemic corticosteroids and 
immunosuppressive agents.

The management of IPA is difficult and an important 
approach to this problem is prophylaxis for those patients 

who are at increased risk for this infection. Avoiding the 
hospitalization of patients in areas where there are con-
struction and the use of high-efficiency particulate air 
(HEPA) filtration with or without laminar air flow venti-
lation have proven to be efficient [150]. A meta-analysis 
suggested that itraconazole was effective in preventing 
fungal infections in neutropenic patients [151]. Recent 
data also suggest the efficacy of posaconazole in the pro-
phylaxis against IPA in patients with severe GVHD and 
other hematological malignancies [152, 153]. There are 
also preliminary data that suggest aerosolized treatment 
with antifungal agents such as liposomal amphotericin 
B and voriconzaole may be effective in the prevention of 
IPA in high risk population [154, 155].

3.4.2  Other Fungi

Other fungal infections may invade the lungs in hema-
tological patients. An entire chapter on emerging fun-
gal infections from Drs. Garnica and Nucci is provided 
in this book. These invasive fungal infections primarily 
involve the lungs, but may disseminate to other organs. 
They are mainly seen in patients with neutropenia, 
allogeneic HSCT, and GVHD [52, 156–159]. The 
main invasive fungal infections that are reported in 
these patients include hyaline hyphomycetes (such as 
fusarium and Scedosporium), zygomycetes and 
endemic fungi. In a Centers for Disease Control-
sponsored surveillance program for invasive fungal 
infections, there were 886 patients with invasive fungal 
infections out of 20,000 HSCT and solid organ trans-
plant recipients [160]. Non-apsergillus molds were 
responsible for 14% of infections, cryptococcus in 4%, 
endemic fungi in 3% and pneumoystis in 2%.

Hyaline hyphomycetes, such as fusarium and sce-
dosporium, are the main non-aspergillus molds that are 
reported in patients with hematological malignancies. 
These organisms resemble Aspergillus histolo gically 
with septate hyphae that invade blood vessels [52, 161, 
162]. Culture is the only means to distinguish these 
organisms from Aspergillus. The lungs are the primary 
site of infection; however, these organisms have the 
tendency to disseminate. In one study, fusarium infec-
tion involved the lungs in 81% of the cases, and was 
disseminated in 74% of the patients [52]. Fungemia 
due to fusarium is reported in 20–70% of patients 
[163]. These infections usually occur early (in the first 
2 months) following allogeneic HSCT. The mortality 
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in patients with pulmonary fusariosis is 65% within 
1 month of diagnosis [164]. Factors that decrease sur-
vival are persistent neutropenia and corticosteroid 
therapy. Scedosporium has been isolated from the air 
in hospitals [162]. In the lungs, these organisms usu-
ally present with thin wall cavities or nodules with or 
without air-crescent sign that are refractory to antibiot-
ics and antifungal therapy [165]. The diagnosis is usu-
ally confirmed by isolating the organisms by culture of 
BAL fluid or lung tissue obtained by surgical lung 
biopsy. Occasionally the diagnosis is obtained by fun-
gal blood cultures. Mortality associated with these 
fungal infections remains very high, in the range of 
70–100% [163, 166–168].

Zygomycetes such as Rhizopus and mucor are char-
acterized by sparsely septate, broad hyphae with irreg-
ular branching. They have the tendency to invade blood 
vessels with thrombosis and tissue necrosis. They usu-
ally involve the sinopulmonary tree; however dissemi-
nation to other organs is rare. The incidence of 
zygomycetes infections in patients with hematological 
malignancies is rare (0.5–1.9%) [52, 158, 159]. It is 
important to note that these organisms may be resistant 
to voriconazole [169]. Recent reports suggest good 
response to posaconazole [170]. Mortality associated 
with zygomycetes infection in patients with hemato-
logical malignancies reaches 80% [52, 158, 159].

Cryptococcus infection in patients with hemato-
logical malignancies has been rarely reported. The 
widespread prophylaxis with fluconazole may 
account for the relatively low incidence in these 
patients. Patients with profound T cell depression 
(such as Hodgkin’s disease, chronic leukemia and 
treatment with purine analogues) are at highest risk 
[171]. The diagnosis of pulmonary cryptococcal 
infection is usually made by detection of the fungus 
in BAL or lung tissue samples. Serum cryptococcal 
antigen has more than 95% sensitivity and specificity 
in the diagnosis of invasive cryptococcosis, however 
could be negative in patients with localized pulmo-
nary infection [172]. The treatment of pulmonary 
cryptococcosis in hematological malignancies 
includes Amphotericin B for severe cases, and flu-
conazole or itraconazole for milder cases and for 
maintenance therapy [173].

As reported in the chapter from Carvajal et al., inva-
sive Candida infection develops in 11–16% of patients 
with hematological malignancies, and pulmonary 
involvement is usually secondary to disseminated 

candidiasis or candidemia. Autopsy studies suggest 
that 50% of infected patients have pulmonary involve-
ment [174]. In a study of 529 patients who died from 
leukemia or myelodysplastic syndrome and were 
affected by candidiasis, 45% had lung involvement. It 
is believed that Candida may have disseminated to all 
organs, including the lungs, prior to their death [175]. 
Primary Candida pneumonia is extremely rare. 
Histopathological confirmation is necessary in most of 
the cases. The universal prophylaxis with fluconazole 
has significantly decreased the incidence of Candida 
infections. However, there is a shift in the Candida 
species from Candida albicans to more resistant spe-
cies such as C. glabrata or C. krusei.

As reported in the dedicated chapter, Pneumocystis 
pneumonia is caused by P. jiroveci, which is a fungal 
agent [176]. Infection is caused by inhalation of aero-
solized organisms. The incidence of P. pneumonia 
was historically up to 20% of patients with hemato-
logical malignancies and 5–15% of HSCT recipients 
[4, 177]. However, the routine prophylaxis with TMX/
SMZ during high-risk periods has significantly 
decreased the incidence of this infection to negligible 
values. Breakthrough infection in patients on TMP/
SMZ prophylaxis is extremely rare, however is pos-
sible in patients on other prophylactic agents such as 
low-dose atovaquone or aerosolized pentamidine 
[178–180]. Patients with lymphoproliferative disor-
ders appear to be at the highest risk for P. jiroveci 
infection. Also the prolonged administration of high-

Fig. 3.5 High resolution CT scan of the chest showing diffuse 
ground glass infiltrates in a patient with non-Hodgkin’s lym-
phoma on chemotherapy who developed P jiroveci pneumonia
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dose corticosteroid therapy and purine analogues such 
as fludarabine–especially when combined with corti-
costeroids–significantly increase the risk of this infec-
tion [181–184]. In a recent report of 519 allogeneic 
HSCT recipients, P. jiroveci pneumonia was docu-
mented in 13 patients (2.5%). The majority of cases 
occurred late in the course following HSCT (median 
14.5 months) after discontinuation of prophylactic 
agents [185]. The CD4+ T cell count was low, and 
70% of patients were on immunosuppressive therapy 
for chronic GVHD.

The onset of P. jiroveci pneumonia is acute and rap-
idly progressive in the majority of cases, with dyspnea, 
nonproductive cough and fever. Hypoxemia is usually 
dramatic in these patients [183]. Radiologically, there 
are perihilar interstitial or alveolar infiltrates. Ground-
glass opacities may be the prominent finding on high-
resolution CT scan of the chest (Fig. 3.5). LDH may be 
elevated. The diagnosis is usually made by bronchos-
copy with BAL; however, the sensitivity of this proce-
dure is lower than that reported in patients with AIDS 
due to the lower burden of the organism [4]. Monoclonal 
antibodies for detecting P. jiroveci have higher sensi-
tivity and specificity in induced sputum samples than 
conventional staining, but the difference between the 
two methods is insignificant in BAL fluid [186, 187].

Mortality has been recently reported to be 20% of 
patients with cancer, and the only predictor of poor 
outcome based on multivariate analysis was the need 
for mechanical ventilation [188, 189]. Prophylaxis 
against P. jiroveci pneumonia using TMP/SMZ is rec-
ommended for patients who are on chronic corticoster-
oid therapy and following engraftment in allogeneic 
HSCT recipients for 120 days. However, if the patient 
has chronic GVHD, prophylactic treatment is recom-
mended as long as they are on immunosuppressive 
therapy for this condition.

Endemic mycoses, such as histoplasmosis, blasto-
mycosis and coccidiomycosis, are rare in patients 
with hematological malignancies [190]. These infec-
tions tend to have geographical distribution and are 
usually caused by endogenous reactivation of a latent 
infection. The infection usually presents with progres-
sive pulmonary disease that disseminates to other 
organs. Treatment is with a high-dose amphotericin B 
preparation [161]. After controlling the infection, an 
azole such as itraconazole (or fluconazole in the case 
of coccidiomycosis) can be used as a maintenance 
treatment [160].

3.5  Cytomegalovirus

It is important at the outset to define the different man-
ifestations of CMV infection. CMV infection is defined 
as isolation of the CMV virus or its proteins or nucleic 
acid from body fluids or tissue specimens. CMV vire-
mia is isolation of CMV from blood by culture. CMV 
antigenemia is detection of CMV pp65 in circulating 
leukocytes or CMV DNA by PCR techniques. CMV 
disease is the presence of signs and symptoms related 
to CMV infection, and may manifest as hepatitis, 
 gastroenteritis, encephalitis or a systemic syndrome. 
CMV pneumonia is one of the most frequent and 
severe manifestations of CMV disease in patients with 
hematological malignancies, especially HSCT recipi-
ents. It is defined as pulmonary signs and symptoms 
combined with detection of CMV in pulmonary sam-
ples (BAL or lung tissue). It is important to note that 
some patients may shed CMV in BAL fluid in the 
absence of invasive disease. It is also significant to 
note that CMV affects the immune system and pro-
motes other infections. Co-infection with other organ-
isms, such as bacteria, P. jiroveci, Aspergillus or other 
viruses, is reported in up to one third of cases [191].

An entire very nice contribution from Dr. Vigil 
and Chemaly in this book provides a comprehensive 
 overview on CMV pneumonia. Traditionally, CMV 
pneumonia was a relatively frequent infection in 
patients with hematological malignancies. It was diag-
nosed in 20–35% of allogeneic HSCT recipients and 
60–80% of patients with diffuse pneumonitis follow-
ing HSCT [29, 192, 193]. CMV pneumonia usually 
presented in the first 2 months post-transplantation 
(median 44 days), and was associated with high mor-
tality ranging between 80% and 100% [192]. However, 
antiviral prophylaxis for high-risk patients and pre-
emptive therapy has changed the epidemiology of 
CMV pneumonia in HSCT recipients. Currently in 
allogeneic HSCT recipients, the incidence of CMV 
pneumonia is about 10%, while in autologous recipi-
ents, CMV pneumonia is extremely rare (1–9%) [194–
197]. An autopsy-based case control study evaluated 
the incidence and risk factors of fatal CMV pneumonia 
in patients with hematological malignancies. The inci-
dence of fatal CMV pneumonia was 3.5% before 1997 
compared to 0.8% after that date. Complete remission 
of the underlying malignancy and sustained lymphope-
nia were independent predictors of CMV pneumonia 
[198]. Prophylactic and preemptive antiviral therapy 
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has also shifted the onset of CMV pneumonia in 
allogeneic HSCT to after the first 100 days (median 
169 days), especially in patients with non-myeloabla-
tive HSCT and during the treatment of chronic GVHD 
[199, 200]. The risk of CMV pneumonia in patients 
with hematological malignancies is mainly seen in 
patients with leukemia or lymphoma who are on 
T-cell-depleting chemotherapeutic regimen (such as 
 cytarabine, fludarabine, high-dose cyclophosphamide, 
corticosteroids or alemtuzumab). In HSCT recipi-
ents, CMV pneumonia is mainly seen after allogeneic 
transplantation and the highest risk is in seropositive 
recipients. CMV disease is reported in 14% of sero-
postive recipients who received a seropositive graft 
and in 12% of seropositive recipients and seronegative 
grafts. On the other hand, the risk of CMV disease is 
lower in seronegative recipients who had HSCT from 
seropositive donors (incidence is less than 5%) [201]. 
Additional risk factors for CMV pneumonia include 
older age, total body irradiation, myeloablative che-
motherapy, the presence and acuity of acute GVHD, 
and the use of T-cell depletion strategies [192, 202, 
203]. In autologous HSCT, the main risk factors for 
CMV pneumonia are the presence of CMV infection 
prior to transplantation, CD-34-enriched stem cells, 
probably due to lower number of T cells and delayed 
immunologic reconstitution [204].

CMV pneumonia presents clinically with rapid 
onset of fever, nonproductive cough, dyspnea and 
hypoxemia. Pleurisy may be present. The respiratory 
symptoms usually progress to acute respiratory fail-
ure within 2 weeks. Radiologically, the most common 
findings are an interstitial pattern with tiny pulmonary 
nodules and patchy areas of consolidation. Rarely 
CMV pneumonia may present with focal diseases 
[205, 206]. High-resolution CT scan of the chest is 
more sensitive in detecting the findings related to 
CMV pneumonia including diffuse or patchy ground-
glass opacification, thickened interlobular septa and 
tree in bud nodular changes. Pleural effusion may be 
present in around quarter of patients [206]. The dif-
ferential diagnosis of these clinical and radiological 
findings includes P. jiroveci, other viral infections, 
pulmonary hemorrhage, drug-induced lung injury, 
pulmonary edema or tumor recurrence. Some of these 
conditions may co-exist with CMV pneumonia. The 
hallmark of the histopathological findings of CMV 
pneumonia is demonstrating the intracytoplasmic 
inclusion bodies within areas of inflammation on lung 

biopsy. These eosinophilic bodies may be absent early 
in the process. There are also areas of mononuclear 
interstitial pneumonitis with or without alveolar epi-
thelial desquamation and hyaline membrane forma-
tion. These findings can be rarely demonstrated by 
bronchoscopic biopsy; however, usually surgical lung 
biopsy by video-assisted thoracoscopy is necessary. 
Cytological examination of the BAL fluid to detect 
the inclusion bodies within the lower respiratory tract 
epithelial cells is highly specific (98%) for CMV 
pneumonia, but has low sensitivity, with a positive-
predicted value of 73% and a negative predictive value 
of 99.5% [207]. On the other hand, rapid culture of 
the BAL fluid using the shell viral technique is highly 
sensitive (99%) in detecting the virus, but lacks the 
specificity (67–83%), since it cannot differentiate 
between viral shedding and invasive disease [207, 
208]. The value of detecting CMV antigens in the 
diagnosis of CMV pneumonia is controversial. CMV 
pp65 antigen assay is based on staining blood neutro-
phils for the pp65 antigen. The test requires an ade-
quate number of neutrophils (>1,000 cells mm3), so it 
is not useful in the presence of neutropenia [209]. 
Another way to quantitatively measure CMV viral 
load is by detecting the viral DNA by PCR, which 
could be done on whole blood, plasma, leukocytes, 
BAL, urine and CSF. Detection of CMV viral DNA 
in the BAL fluid is suggestive of CMV pneumonia; 
however, false-positive results are frequent [210]. 
Detecting blood CMV antigens–by either method–
correlates well with CMV pneumonia [211, 212]. 
However, it is possible for CMV pneumonia to develop 
without antigenemia [213]. CMV antigens in blood 
samples may precede clinical features of CMV pneu-
monia by up to 3 weeks [214]. These tests are also 
useful in monitoring the response to antiviral therapy. 
Persistence of CMV antigenemia after 2 weeks of 
therapy should raise suspicion of antiviral resistance. 
Gancyclovir as a single agent or in combination with 
CMV immunoglobulins has been shown to be effec-
tive in uncontrolled trials in the treatment of CMV 
pneumonia and is currently the standard of care in the 
management of this condition [194, 197]. This is 
reported in the reviews from Dr. Vigil and from Dr. 
Sandherr. With this approach, mortality has decreased 
to 0–47% provided treatment is started prior to the 
onset of acute respiratory failure. Survival of patients 
with respiratory failure at the time of initiation of 
therapy remains infrequent. Prevention of CMV 
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infection is the best approach to avoid disease. Use of 
CMV negative stem cells for HSCT and seronegative 
or leukocyte-filtered blood products for CMV serone-
gative recipients decreases the risk of infection to 
2–4% [215–217]. Antiviral prophylaxis and viral 
monitoring with pre-emptive therapy are at present 
the two main antiviral strategies used in the preven-
tion of CMV infection and disease. Gancyclovir pro-
phylaxis administered in seropositive patients or in 
seronegative subjects receiving graft from a seroposi-
tive donor from 5 days before engraftment to 100 days 
after HSCT reduces the risk of CMV infection and 
invasive disease, as well as mortality [218]. However, 
this approach did not change the overall survival 
owing to increased sepsis associated with gancyclo-
vir-induced neutropenia and shift in the onset of the 
CMV disease later in the course following HSCT 
when the prophylactic treatment is discontinued [219]. 
Valgancyclovir showed promise as an alternative anti-
viral agent for preemptive treatment of CMV reactiva-
tion following allogeneic HSCT [220]. The use of a 
cutoff of the number of CMV DNA copies in whole 
blood samples (10,000 DNA copies/ml) may be use-
ful in avoiding unnecessary antiviral treatment [221]. 
Other interventions that are under evaluation include 
infusion of donor-derived CMV-specific cytotoxic T 
lymphocyte infusion and CMV vaccine [222].

3.6  Community Respiratory Viruses

There are four community respiratory viral agents that 
commonly lead to serious infection in patients with 
hematological malignancies. These are respiratory syn-
cytial virus (RSV), parainfluenza, influenza and adeno-
virus. In this book, Schnell and coworkers provide a 
comprehensive overview on pneumonia related to com-
mon viruses in hematological patients. The data on the 
significance of community respiratory viral infections 
in this patient population are limited for several rea-
sons, including reports based on small case series, the 
seasonal nature of the infection that may change the 
frequency of these infections depending on the time 
and location of the study, and the fact that many of the 
patients with community respiratory viral infections 
are asymptomatic. Nevertheless, there have been recent 
large studies that improved our understanding of the 
role of community respiratory viral infections in 

patients with hematological malignancies, especially 
those who underwent HSCT. Overall, it appears that 
the incidence of these viral infections in patients with 
hematological malignancies ranges between 11 and 
65% [223–226]. In one study of community respiratory 
viral infections following HSCT, the main viruses were 
RSV (35%), parainfluenza (30%), rhinovirus (25%) 
and influenza virus (11%). Of these, pneumonia 
occurred in 49% of patients with RSV infection, 22% 
of those with parainfluenza virus and 3% of rhinovirus 
infection [227]. In another recent review of 343 cases 
of community respiratory viral infections in 306 adult 
patients with hematological malignancies, parainflu-
enza (mainly type 3) accounted for 27% of infections, 
influenza (mainly type A) in 33% of infections and 
RSV in 31% of infections. Community respiratory viral 
infections progressed to pneumonia in 35% of patients 
with equal frequency among the three viruses. The 
patients at high risk for community respiratory viral 
infections included allogeneic HSCT, leukemia, age 
older than 65 years, and presence of severe neutropenia 
or lymphopenia. The overall mortality for community 
respiratory viral pneumonia was 15%. The only inde-
pendent predictor of fatal outcome was absolute lym-
phopenia in patients with influenza pneumonia [226].

The diagnosis of lower respiratory tract community 
respiratory viral infection is usually suspected in 
patients with preceding upper respiratory tract infec-
tion. The high-resolution CT scan of the chest usually 
shows patchy or extensive ground-glass opacities, or a 
mixture of patterns including ground-glass attenuation, 
thickening of the bronchial walls, and multiple small 
nodules that may have centrilobular or random distri-
bution. Consolidation and pleural effusions are less 
common [228]. The diagnosis is usually made using 
the combination of direct fluorescent antibody (DFA) 
and indirect fluorescent antibody (IFA) testing, and 
viral cultures of clinical specimens. The results of the 
former tests are usually available within 24 h, whereas 
cultures usually take 7–14 days. The clinical specimens 
are best obtained by nasopharyngeal wash or swabs. 
The sensitivity of direct DFA and IFA in detecting 
infection in patients with hematological malignancies 
ranges between 20% and 52% [229–231]. BAL fluid 
may also be helpful when lower respiratory tract infec-
tion is suspected with a sensitivity of around 70% 
[225]. It is important to note in this context that com-
munity respiratory viruses are often co-pathogens with 
other organisms, including bacteria, fungi (such as 
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Aspergillus and P. jiroveci) or other viruses (such as 
CMV) [232]. In one study of community respiratory 
viral pneumonia, 119 patients had BAL specimens, 
and 14% had other pathogens cultured [226]. This may 
create a challenge to clinicians, and every effort should 
be made to exclude such infections in which commu-
nity respiratory viruses are isolated.

Community respiratory viruses associated with 
upper respiratory tract infections in patients with hema-
tological malignancies are usually self-limiting and are 
not associated with increased mortality. However, not 
uncommonly these patients develop lower respiratory 
tract infection that is associated with higher mortality 
[226]. Another potential risk associated with commu-
nity respiratory viral infections is the development of 
bronchiolitis obliterans following allogeneic HSCT. In 
a large series of new-onset airflow obstruction follow-
ing allogeneic HSCT, one of the main risk factors was 
respiratory viral infections within the first 100 days 
following transplantation [233]. Lower respiratory 
tract parainfluenza [OR 17.9 (95% CI, 2.0–160) and 
RSV (OR 3.6, 95% CI, 1.0–13)] infections were inde-
pendent risk factors for development of airflow decline 
1 year after allogeneic HSCT [234].

Given the high mortality associated with commu-
nity respiratory viral lower respiratory tract infections 
in hematological malignancies, preventive measures 
play an important role in avoiding infection in these 
patients. Simple measures such as hand washing are 
very effective against infection (except for influenza, 
which is transmitted by aerosolized droplets). In addi-
tion, isolating patients suspected to have community 
respiratory viral infection, even before the infection is 
confirmed, has been shown to be effective [19]. 
Symptomatic health-care providers should be restricted 
from contact with patients with hematological malig-
nancies who are severely immunocompromised [235]. 
It is also advisable to limit visitors to these patients 
during the winter months [19].

3.6.1  Respiratory Syncytial Virus (RSV)

RSV is one of the most common community respira-
tory virus infection in patients with hematological 
malignancies [236–238]. The reported incidence of 
RSV infection in HSCT recipients ranges between 
3.5% and 6.3% and 0.4–1.5% following allogeneic 

and autologous transplantation, respectively [239, 
240]. RSV infection usually starts with upper respira-
tory tract symptoms including cough, rhinorrhea and 
sinus congestion. Wheezing may develop in 30%; 
however, fever may not be present even with lower 
respiratory tract infection [241]. The most serious 
complication of RSV infection in this patient popula-
tion is the development of lower respiratory tract infec-
tion that happens in up to one third of patients and is 
associated with high mortality (19%) [226, 242]. Lack 
of RSV-directed antiviral therapy and older age are 
associated with increased risk of progression to pneu-
monia [226]. Other risk factors for RSV pneumonia 
include male gender, high APACHE II score, pro-
tracted lymphopenia and recent corticosteroid therapy 
[243]. Lower respiratory tract infection is character-
ized by progressive dyspnea and hypoxemia. The 
radiological findings of RSV pneumonia include mul-
tiple small nodules, bud on tree pattern, diffuse ground-
glass infiltrates and bronchial thickening [244]. The 
diagnosis of RSV lower respiratory tract infection 
could be made by DFA, IFA or PCR of nasopharyngeal 
or BAL specimens [245].

The role of pharmacological therapy in RSV infec-
tion in patients with hematological malignancies 
remains controversial. Several studies have suggested 
benefit from ribavirin (intravenously, orally or aero-
solized) with or without RSV-specific intravenous 
immunoglobulins [246, 247]. The efficacy of this treat-
ment once the patient develops acute respiratory fail-
ure requiring mechanical ventilation is significantly 
lower [246]. Delivery of aerosolized ribavirin requires 
a special machine that is not widely available. Care 
should be taken during aerosolization of this medica-
tion since those who are exposed to it may develop 
headaches, skin rash and conjunctivitis. Furthermore, 
ribavirin has teratogenic effects, and pregnant women 
should not enter the patient’s room during treatment 
[247]. Other therapeutic modalities, such as high titer 
monoclonal antibody against RSV, are under investi-
gation [239, 248]. In a recent trial on HSCT, recipients 
with upper respiratory tract RSV infection were ran-
domized to preemptive aerosolized ribavirin or sup-
portive therapy to prevent progression to lower 
respiratory tract infection. The intervention was safe 
and associated with reduced viral load; however, the 
study could not prove the efficacy of aerosolized riba-
virin in preventing progression to lower respiratory 
tract RSV infection [249].
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3.6.2  Parainfluenza Virus

Parainfluenza is another important cause of commu-
nity respiratory viral infections in patients with hema-
tological malignancies [227, 250, 251]. Parainfluenza 
has four serotypes, and serotypes 1 and 3 are report-
edly the most common causes of infection in these 
patients. Parainfluenza infection is variable throughout 
the year, with outbreaks reported in winter, and some-
times in spring and summer.

Parainfluenza infection usually presents with 
cough; however, rhinorrhea and fever are uncommon. 
Lower respiratory tract infection is the most serious 
complication of parainfluenza infection and is reported 
in 18–100% (mean 33%) of patients, with mortality 
ranging between 15% and 73% (mean 50%) [242]. It 
is estimated that up to 50% of patients with parainflu-
enza lower respiratory tract infection have co-infec-
tion with bacteria or fungi [251]. The diagnosis of 
parainfluenza infection is usually made by IFA or 
DFA and culture of respiratory samples. Real-time 
PCR is under development and is not available for 
clinical practice. Treatment of parainfluenza infection 
is supportive. Ribavirin has activity against parainflu-
enza and has been shown to be helpful in small stud-
ies; [247, 252] however, large studies failed to 
demonstrate benefit from this therapy [251]. It is rec-
ommended to consider aerosolized ribavirin in the 
treatment of parainfluenza lower respiratory tract 
infection, although experience to date provides little 
evidence of efficacy [247].

3.6.3  Influenza

Influenza infection has been described in patients with 
hematological malignancies as a community or noso-
comial infection. It develops in the winter months, and 
the clinical picture is similar to normal hosts with 
fever, rhinorrhea, coryza, mayalgia and headache. 
Following HSCT, the frequency of influenza infection 
is similar with autologous and allogeneic transplanta-
tion. In one study of children with cancer, 40% of 
patients were on chemotherapy, and 63% were lym-
phopenic. Only one third of the patients were neutro-
penic [253]. Prognosis is worse in patients with 
lymphopenia and in those who develop infection early 
post HSCT [226, 254].

The treatment of influenza infection is supportive. 
Antiviral agents, such as amantadine, rimantadine, 
oseltamivir and zanamivir, may be considered in 
patients with severe infection [255]. In one report, early 
treatment with oseltamivir was associated with a trend 
to less progression to lower respiratory tract infection 
and decreased viral shedding [254]. Vaccination against 
influenza is effective; however, live attenuated prepara-
tions should be avoided in these patients, and that 
HSCT recipients may respond poorly to vaccination in 
the first 2 years following transplantation must be taken 
into consideration [247].

The pandemic of novel H1N1 influenza is another 
risk to patients with hematological malignancies. 
Patients with suspected or confirmed infection should 
be treated with either oseltamivir or zanamivir. 
Patients with immunocompromising conditions are 
advised to receive the inactivated novel H1N1 influ-
enza vaccine [256].

3.6.4  Adenovirus

Adenovirus infection accounts for 0–21% of commu-
nity respiratory viral infections in patients with hema-
tological malignancies and is more common in children 
[242, 257]. Patients with allogeneic HSCT may have 
delayed adenovirus-specific T-cell immune recovery, 
which correlates with increased risk of adenovirus 
associated morbidity and mortality [258]. App-
roximately 20% of patients with adenovirus infection 
develop pneumonia [259]. Histologically, the diagno-
sis is suggested by the presence of the characteristic 
smudge cells [259]. There are limited antiviral agents 
with activity against adenovirus. Ribavirin and gancy-
clovir have no significant activity against this virus 
[260, 261].

3.6.5  Other Viruses

As reported in the paper from Shah and Chemaly, 
Herpes simplex virus1 reactivates in the majority of 
these patients and occasionally may be associated with 
pneumonia. HHV6 has been suggested to have a role 
in the pathogenesis of idiopathic pneumonia syndrome 
following HSCT [262]. It may act as a co-pathogen 
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with CMV or as an isolated cause of pneumonia [262]. 
In a recent report, HHV-6 was isolated from 56.6% of 
peripheral blood or other specimen tested following 
HSCT; however, it was associated with interstitial/
alveolar pneumonia in only 2% of patients. HHV-6 
reactivation was significantly associated with GVHD, 
Epstein-Barr viral co-infection, and unrelated donor 
transplantation [263].

In the chapter from Dr. Schildgen, emerging viral 
infections are reviewed. Human metapneumovirus is 
another RNA respiratory virus that has been detected 
in 3.2% of patients with hematological malignancies. 
Around half of the patients have pulmonary radiologi-
cal abnormalities. The prognosis of this infection is 
good, and the majority of patients do not require anti-
viral therapy [264].

3.7  Conclusion

Patients with hematological malignancies have defects 
in their immune system that involve one or more of the 
defense cell lines. These patients are at high risk for a 
variety of respiratory infectious and noninfectious 
complications that are related to their underlying 
malignancies or due to the aggressive therapy of these 
conditions. There have been significant advances in 
the diagnosis and management of respiratory infec-
tions in patients with hematological malignancies. 
P. jiroveci and CMV infections are very rare. The treat-
ment of bacterial pneumonias has improved with the 
availability of broad-spectrum antibiotics. The man-
agement of fungal infections, including IPA, is 
enhanced by the introduction of noninvasive diagnos-
tic methods such as galactomannan assay and better 
tolerated antifungal agents.

Future directions in the management of respiratory 
infections in patients with hematological malignancies 
need to focus on more robust and validated noninva-
sive diagnostic assays that allow for earlier detection 
and preemptive therapy of fungal and viral infections. 
Also more emphasis is needed on prevention of respi-
ratory infections. More effective and safer antiviral 
agents should be another area of research and develop-
ment as well as the role of combination antimicrobial 
agents in the management of severe viral and fungal 
infections. Respiratory infections in patients with 
hematological malignancies can also be minimized by 

improved treatment regimens including enhanced 
HSCT techniques that lead to better engraftment and 
less GVHD. More targeted chemotherapeutic regi-
mens may also decrease the risk of opportunistic 
infections.
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4.1  Respiratory Events in Patients with 
Hematological Malignancies

Respiratory events, defined as episodes of respiratory 
symptoms or signs, such as dyspnea, cough, sputum, 
chest pain, rales, hemoptysis, oxygenation impairment 
or pulmonary infiltrates on chest radiograph or com-
puted tomography scan, are frequent among patients 
with hematological malignancies (HM). Almost 50% 
of patients with acute leukemia undergoing chemother-
apy may be affected [10], preferably those with pre-
existing pulmonary disease and smokers. Also among 
patients with chronic lymphocytic leukemia, respira-
tory events are frequent and are likely to take a compli-
cated course caused by the complex immunodeficiency 
in these patients. Pulmonary events have been reported 
for up to 58% of patients with malignant lymphoma 
undergoing high-dose chemotherapy and autologous 
hematopoietic stem cell transplantation [18], but in 
general, less than 10% of all autologous stem cell 
transplant patients will develop pneumonia [27, 30].

The epidemiology of respiratory events has only 
rarely been investigated using invasive procedures, so 
that reliable data on specific causes in different sub-
groups of patients with HM are sparse. Chaoui et al. 
investigated consecutive patients with newly diagnosed 
acute leukemia over 1 year to evaluate the incidence 
and prognostic value of these events and found that the 
cause of respiratory events was infectious in 34% of 
cases, an established cause other than infection in 42% 
and an undetermined cause in 24%. Among patients 
with undetermined etiology, around 20% were cured 
by antibiotics and could be considered as probable 
bacterial pneumonia, increasing the proportion of 
infectious causes to 55%. Aspergillosis was proven in 
approximately 10% of cases. The majority of 
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respiratory events occurred after starting induction 
chemotherapy; however, almost all respiratory events 
of undetermined etiology were present at diagnosis of 
HM already, and respiratory events of non-infectious 
origin typically occurred within 10 days of leukemia 
diagnosis.

Among patients with chronic lymphocytic leuke-
mia, pulmonary complications analyzed over a 9-year 
period were associated with a poor prognosis and a 
fatality rate of 40% [1]. Notably, 25% of these compli-
cations were not caused by pneumonia, but by pleural 
effusion or lung infiltration by the underlying malig-
nancy (9%), pulmonary leukostasis (4%), secondary 
malignancies or Richter’s syndrome (3%), or bronchial 
obstruction (2%). With respect to prognosis, granulo-
cytopenia and renal failure had an unfavorable impact 
on clinical outcome.

4.2  Lung Infiltrates in Patients with HM

In febrile neutropenic patients, lung infiltrates emerge 
in up to 30% [31]. Clinical outcome deteriorates with 
increasing patient age, and is particularly dismal in 
patients with bacteremia and shock as well as in case 
of delayed appropriate antimicrobial treatment [7, 
21]. Infiltrates become apparent in approximately two 
thirds of cases within 5 days after the onset of fever. 
As compared with other types of infections, lung 
infiltrates in neutropenic patients are associated with 
a higher risk of mortality [3, 15, 26], and their treat-
ment is more difficult and costly [19]. Histopathological 
findings show that these infiltrates may have numer-
ous different causes, including multi-resistant bacte-
ria [32] and pathogens not susceptible to beta-lactam 
antibiotics [20], alveolar bleeding, infiltration by the 
underlying malignancy, cryptogenic organizing pneu-
monia, immune reconstitution syndrome, and lesions 
caused by chemotherapy or radiation [2, 4, 8, 13, 14, 
35, 36], In particular, the differential diagnosis of 
drug-induced lung infiltrates should be kept in mind 
(Table 4.1).

Successful clinical response to broad-spectrum 
antibacterial treatment is observed in less than 30% of 
patients with pulmonary infiltrates in the course of 
febrile neutropenia [26, 29], whereas prompt addition 
of mold-active systemic antifungals increases the 
response rate to up to 78% [34]. The dramatic 

reduction of lung infiltrates in acute leukemia patients 
under voriconazole prophylaxis [38], along with histo-
pathological and molecular [20] as well as autopsy 
studies [4, 9, 17], indicate that the majority of those 
infiltrates are caused by filamentous fungi, particularly 
by Aspergillus spp. Clinical outcome of microbiologi-
cally or histologically documented invasive aspergil-
losis in neutropenic patients is poor [12, 22, 28], so 
that early pre-emptive antifungal treatment is recom-
mended in febrile patients with severe neutropenia and 
pulmonary infiltrates whose radiological morphology 
is not typical for non-fungal origin [24, 39]. This rec-
ommendation also takes into account that Aspergillus 
pneumonia will have an unfavorable impact on long-
term prognosis and that early institution of systemic 

Table 4.1 Drugs potentially associated with pulmonary toxicity 
in patients with hematological malignancies

Alkylating agents

 Busulfan

 Chlorambucil

 Cyclophosphamide

Antimetabolites

 Azathioprine

 Cytosine arabinoside

 Fludarabine

 Gemcitabine

 Methotrexate

Cytotoxic antibiotics

 Bleomycin

 Dactinomycin

 Doxorubicin

 Mitomycin

Nitrosoureas

 BCNU (carmustine)

 CCNU (lomustine)

Assorted agents

 Procarbazine

 Sirolimus

 Taxanes

 Vinca alkaloids

Modified after Shorr et al. [36]



434 Epidemiology of Respiratory Events in Patients with HM (Not Including ICU) 

antifungal treatment against Aspergillus spp. improves 
survival [5, 34].

In patients treated with nucleoside analog, microor-
ganisms typically observed under prolonged cellular 
immunosuppression, such as cytomegalovirus, myco-
bacteria or yeasts, must be considered [33], as well as 
Staphylococcus aureus, Pseudomonas aeruginosa, 
Aspergillus spp. and pneumococci [1]. Respiratory 
viruses such as Influenza A or Respiratory Syncytial 
Virus have occasionally been identified as causes of pul-
monary infiltrates in hospitalized, febrile neutropenic 
patients [23, 37], predominantly during wintertime, but 
they do not occur more frequently in immunocompro-
mised than in non-immunocompromised patients [16]. 
Among patients affected, those who are older than 65 
years of age or have severe lymphocytopenia may show 
a mortality rate of 5–15% [11].

4.3  Acute Respiratory Failure  
in Cancer Patients

[3] performed a prospective 5-year observational study in 
a medical intensive care unit treating 203 cancer patients 
with acute respiratory failure and reported that repiratory 
failure was mainly due to infectious pneumonia (58%), 
but also due to lung inflammation due to non-infectious 
causes in 9% and to congestive heart failure in 12% of 
patients, whereas no cause was identifiable in 21%.

Mortality of HM patients with respiratory events 
requiring referral to an intensive care unit is high, though 
decreases over time [10]. Half the patients do not sur-
vive their respiratory events (Fig. 4.1). Multivariate 
analysis shows the type and state of the underlying 
malignancy [3], proven pulmonary aspergillosis, the 

65 patients

35 no RE30 RE (46%)

Acute respiratory failure
20/30 patients (66%)

Intensive care
12/20 patients

Remain in hematology
8/20 patients 

Return to hematology
5/12 patients 

Death in intensive care
7/12 patients

Death in hematology
department 9/13 patients

Death from disease progression
in hematology department

2 patients

Fig. 4.1 Outcome of acute 
leukemia patients with 
respiratory events (RE)  
(end point: death within  
45 days of the start of 
induction chemotherapy) 
(From [10])
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lack of a definite diagnosis, the need for pressor support 
and the requirement of invasive mechanical ventilation 
after failure of non-invasive ventilation as independent 
poor-risk factors (Table 4.2); however, the prognosis is 
not unequivocally dismal. In a long-term analysis, it has 
been demonstrated that at least three unfavorable factors 
had to be present to clearly predict fatal outcome [25], 
so that intensive care should be offered to all patients 
who do not have an unequivocally fatal prognosis. In 
this book, two papers are dedicated to patient outcome. 
Dr. Groeger and Dr. Azoulay provide an up-to-date lit-
erature analysis, as well as an appraisal of determinants 
of the outcomes in hematological patients requiring ICU 
management.
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5.1  Introduction

Great progress has been made in stem cell transplan-
tation over the last years. Most of the progress can be 
ascribed to an understanding of the human leukocyte 
antigen (HLA) system for donor selection, immuno-
suppression for prevention and treatment of graft-
versus host disease (GVHD), and significant advances 
in infectious disease prevention, therapy and sup-
portive care. As a result of this progress, the number 
of potential candidates to receive a transplant has 
greatly increased, and the survival figures have been 
progressively encouraging. In fact, the term 
“hematopoietic stem cell transplantation” (HSCT) 
has supplanted the previously employed term “bone 
marrow transplantation” to reflect the broader range 
of donor stem cell sources available: bone marrow, 
fetal cord blood, and growth factor-stimulated 
peripheral blood [1]. Unfortunately, the use of 
aggressive chemotherapeutic regimens frequently 
results in life-threatening complications, requiring 
transfer to the intensive care unit (ICU). Pulmonary 
complications, both infectious and noninfectious, 
occur in up to 60% of HSCT recipients, and a signifi-
cant percentage of them will require ICU admission 
[1–3]. Infectious complications are more common in 
allograft recipients because of the requirement of 
immunosuppressive agents to prevent and treat 
GVHD. In addition, GVHD itself causes an immu-
nodeficient state. In contrast, noninfectious acute 
lung injury syndromes (e.g., idiopathic pneumonia 
syndrome, diffuse alveolar hemorrhage) occur after 
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both allogeneic and autologous transplantation with 
similar frequency [1]. The recognition as well as 
management of pulmonary complications that result 
from immunosuppression is a challenging task for 
clinicians. Although the above-described improve-
ments in patient care have improved the overall sur-
vival, once a patient with a hematologic malignancy 
requires advanced intensive care support, the prog-
nosis worsens significantly with high associated 
mortality rates, particularly in patients with acute 
respiratory failure (ARF). Although the survival rate 
of HSCT recipients admitted to the ICU has been 
steadily improving, it remains under 50%, with a 
long-term survival rate under 20% [4].

5.2  Main Indications for ICU Admission

It is estimated that 15–30% of the HSCT recipients are 
admitted to the medical ICU for the management of 
different complications, with 20% of them requiring 
mechanical ventilation (MV). In our experience from 
data collected within a 10-year period [5], 89 patients 
with hematological malignancies with pulmonary 
complications were admitted to a respiratory ICU. 
Fifty-two of 89 (58%) of these patients were HSCT 
recipients. Patients were admitted to the ICU because 
of ARF in 61 instances (68%; including 23 patients 
with acute respiratory distress syndrome, ARDS), sep-
sis syndrome (12%), pulmonary hemorrhage (9%), 
heart failure (8%), and miscellaneous conditions (2%). 
The most common cause of ARF was a pulmonary 
infection, which was diagnosed in 60% of the patients 
for whom a specific diagnosis was obtained. Other 
authors have also found that infection is the most fre-
quent cause of admission to the ICU, particularly in 
those with neutropenia where up to 80% have a clini-
cally documented infection [6–8]. Also, among organ 
failures at ICU admission, acute respiratory failure and 
severe sepsis or septic shock are present in up to 80% 
of critically ill cancer patients [2, 9] (Table 5.1).

Clinical management of infections in critically ill 
immunocompromised patients is complex since virtu-
ally any microorganism may be involved at any time in 
the evolution, mainly depending on the net state of 
immunosuppression. The high associated mortality 
requires a rapid and sometimes invasive diagnostic 
approach to trying to obtain an etiological diagnosis 
allowing the early introduction of specific treatment.

5.3  Etiology of Pulmonary Infections

5.3.1  Bacterial Infections

Bacteria are the most frequent cause of pulmonary 
infections in patients with hematological malignances, 
accounting for 15–20% of all respiratory infections in 
HSCT recipients [1] with an associated mortality of 
22% [10] (Table 5.2). Different series have shown that 
bacterial pneumonia is also the most common cause of 
admission to the ICU in HSCT recipients [11]. One of 
the problems in diagnosing bacterial pneumonia in 
hematological patients is the inability to identify the 
organism in the majority of these patients, which may 
underestimate the incidence of these infections. Factors 
that generally increase the risk of bacterial pneumonia 
following HSCT include pre-transplantation immune 
status, type of conditioning regimen, and degree and 
duration of neutropenia [12]. In transplant recipients, 
bacterial infections may occur at any time in the post-

Respiratory 48%

Sepsis 23%

Cardiac 19%

Neurologic 6%

Bleeding 2%

Others 2%

Table 5.1 Indications by organ system for ICU admission

Modified from ref. [10]

HSCT  
recipients (%)

Hematologic  
patients (%)

Bacterial 11 23

Fungal 13 19

Polymicrobial 20 8

Other infections 2 4

Pulmonary edema 5 4

DAH 8 4

NOC 3 4

Other non-infections 
etiologies

7 6

Undetermined 23 28

Table 5.2 Etiologic diagnosis in HSCT recipients and in 
haematological patients

Modified from ref. [7]
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transplantation period; however, they seem to be more 
common in the pre-engraftment phase due to the pres-
ence of mucositis and neutropenia. Potential pathogens 
are myriad. Encapsulated organisms, such as 
Streptococcus pneumoniae and Haemophilus influen-
zae, are particularly prevalent; however, many 
other bacteria must also be considered, particularly 
Staphyloccocus aureus (including methicillin-resistant, 
MRSA) and multi-resistant gram-negative bacilli, such 
as P. aeruginosa [13]. Some epidemiological studies 
have shown that Legionella sp. pneumonia is more prev-
alent in the immunocompromised host [14]. It is impor-
tant to consider that 15–30% of cases  diagnosed as 
bacterial pneumonia are mixed  bacterial/opportunistic 
infections [11–13]. This fact has to be considered, par-
ticularly in patients that do not respond to appropriate 
specific antibiotic treatment.

5.3.2  Invasive Fungal Infections

Since neutrophils are the key cells in the defense 
against aspergillus sp. and other molds, the neutro-
penic patient and particularly HSCT recipients are at 
highest risk for dissemination. A steady rise in the 
documented cases of invasive pulmonary aspergillosis 
(IPA) post-transplantation has been documented. The 
risk for IPA is much higher following allogeneic HSCT 
when compared to autologous transplantation (inci-
dence is 2.3–15% and 0.5–4%, respectively) [15]. 
Mortality rates for HSCT recipients with IPA have his-
torically been as high as 80%; however, during the past 
2 decades, the outcome of this infection seems to be 
changing. Recently, the Prospective Antifungal 
Therapy Alliance Registry performed a multicenter 
study to assess the epidemiology and outcomes of 
invasive fungal infections in HSCT recipients [16]. In 
this study, a total of 250 proven or probable invasive 
fungal infections were included. Almost 70% of the 
patients had received an allogeneic HSCT, and 31% 
had received an autologous HSCT. In this series, mor-
tality rates of 21% and 35% at 6 and 12 weeks of diag-
nosing proven or probable IPA were reported, numbers 
that are consistent with those reported by other authors, 
confirming the survival gain evidenced after the inclu-
sion of azoles in the therapeutic armamentarium of 
invasive fungal infections. Interestingly, the absence of 
MV or/and hemodialysis was significantly associated 
with improved survival.

With regard to Candida infections, with the 
expanded use of the new antifungal therapies, a higher 
incidence of infections caused by Candida kruseii 
and Candida glabrata has been reported [17, 18]. 
Also infections due to fusarium, Penicillium purpuro-
genum [19], and Scedosporium prolificans [20, 21] 
are increasingly being reported. In contrast, a marked 
decrease in the incidence of P. jiroveci pneumonia has 
been observed over the last years, mainly because of 
prescription of specific prophylaxis in patients at risk 
[22]. In a recent report, P. jiroveci infection was docu-
mented in 2.5% of patients undergoing allogeneic 
HSCT (2.5%). The majority of cases occurred late in 
the course following HSCT (median 14.5 months) 
[23] and with a CD4+ count less than 200 cells/mm3.

5.3.3  Cytomegalovirus (CMV)

Traditionally, CMV pneumonia has affected 20–35% 
of HSCT recipients [24], being a common cause of 
ICU admission. However, the application of antiviral 
prophylaxis and the systematic use of preemptive ther-
apy have changed the epidemiology of CMV pneumo-
nia in HSCT recipients. Currently, in allogeneic HSCT 
recipients, the incidence of CMV pneumonia is 10–30% 
[25]. Also mortality is revised downwards between 
30% and 50%. In the pre-prophylaxis era, onset of 
CMV pneumonia almost invariably occurred between 
engraftment and day 100. The use of prophylaxis has 
also shifted the onset of CMV pneumonia in allogeneic 
HSCT to after the first 100 days, especially in patients 
with non-myeloablative HSCT and during the treat-
ment of chronic GVHD [26].

Despite improvements in specific treatment, sur-
vival of patients with established respiratory failure 
requiring mechanical ventilation is very poor.

5.3.4  Respiratory Viruses

Recent developments in molecular-based diagnostic 
tools have shown that conventional respiratory 
viruses [influenza, parainfluenza, respiratory synci-
tial viruses (RSV), adenoviruses, enteroviruses, and 
rhinoviruses] may commonly cause respiratory ill-
nesses with significant morbidity and mortality 
among HSCT recipients. The incidence of these 
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viral infections following HSCT ranges between 
11–65% [27]. Upper respiratory tract infections in 
HSCT recipients are usually self-limiting. However, 
the progression to pneumonia carries a significant 
associated mortality. In one study of community 
respiratory viral infections following HSCT, the 
main viruses were RSV (35%), parainfluenza (30%), 
rhinovirus (25%), and influenza virus (11%). Of 
these, pneumonia occurred in 49% of patients with 
RSV infection, 22% of those with parainfluenza 
virus, and 3% of rhinovirus infection [28]. In another 
recent review of 343 cases of community respira-
tory viral infections in 306 adults with hema tological 
malignancies (mostly HSCT recipients), parainflu-
enza (mainly type 3) accounted for 27% of infec-
tions, influenza (mainly type A) for 33% of 
infections, and RSV for 31% of infections. 
Community respiratory viral infections progressed 
to pneumonia in 35% of patients with equal fre-
quency among the three viruses [27]. Interestingly, 
community respiratory viruses are often co-pathogens 
with other organisms, including bacteria, fungi 
(aspergillus), or other viruses (CMV). Herpes sim-
plex virus 1 reactivates in 80% of HSCT recipients 
and occasionally may be associated with pneumo-
nia. However, universal prophylaxis with acyclovir 
and gancyclovir has significantly reduced the inci-
dence [27, 29]. Human herpes virus (HHV-6) may 
act as a co-pathogen with CMV or act as an isolated 
cause of pneumonia [30].

5.4  Survival in the ICU

In this book, Groeger and colleagues report updated 
data on outcomes in patients with hematological malig-
nancies admitted to the ICU. Suffering from hemato-
logic malignances is one of the most powerful 
predictors of mortality due to ARF in the ICU, and this 
is particularly true when patients with HSCT are con-
sidered and when MV is required. For many years, sur-
vival was considered dismal, with physicians 
supporting either denial of ICU admission or consider-
ing early treatment limitation decisions. Shuster and 
Marion [31] found a mortality of 80% in 77 patients 
treated in the ICU. Our study, evaluating prognostic 
factors of non-HIV-positive immunocompromised 
patients with pulmonary complications, showed that 

the mortality rate among HSCT recipients was almost 
twofold higher than that of patients with hematological 
malignances or of those who had received solid organ 
transplants. The requirement of mechanical ventilation 
was a critical predictor of poor outcome with mortality 
rates approaching 95% [7]. Long-term survival rates 
after MV are also dismal in recipients of allogeneic 
HSCT with active GVHD, with approximately 5% of 
patients surviving 6 months. Consequently, some clini-
cians have questioned the utilization of mechanical 
ventilatory support for these patients.

Over the last years, the pessimistic vision of the 
dismal outcome of hematological patients admitted 
to the ICU seems to be changing. First, the number 
of hematological patients requiring further ICU 
admission or MV has been decreasing [9]. Second, 
recent series support the notion that the prognosis for 
hematological patients admitted to the ICU has 
improved compared to that reported in the 1980s and 
early 1990s [32, 33]. Benoit et al. [32], evaluating a 
cohort of 124 patients with a hematologic malig-
nancy admitted to the ICU for a life-threatening 
complication, observed an ICU and in-hospital mor-
tality of 42% and 54%, respectively. Soubani et al. 
[2] evaluated 85 patients admitted to the medical 
ICU, representing 11.4% of patients who had under-
gone HSCT during the study period. Fifty-two 
patients (61%) survived their ICU stay, and 35 
patients (41%) were discharged alive from the hospi-
tal. The long-term survival rate (>6 months) in this 
cohort was 28%. Moreover, 19 patients receiving 
MV (37%) survived their ICU stay, and 33 (97%) 
patients who did not require MV survived. The study 
showed short-term and long-term survival rates 
among adult HSCT recipients who had been admit-
ted to the ICU that were higher than those previously 
reported. Azoulay et al. [34], in a study evaluating a 
large group of cancer patients with ARF due to a 
variety of causes, reported a mortality rate of less 
than 50%, reaffirming the survival gains achieved in 
critically ill cancer patients in recent years.

Although the above-mentioned results are promis-
ing, some factors should lead us to temper this opti-
mistic picture. A recent meta-analysis by Van Gestel 
et al. [35] in a population of children did not show sur-
vival improvement over time when the variable MV 
was considered. When the specific studies included in 
this meta-analysis were individually evaluated, it was 
shown that some of them showed improved survival in 
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ventilated, post-HSCT patients, while others did not 
show such improvement. Even in those studies that 
reported improved survival, the need for MV was a 
strong indicator of worse prognosis. These controver-
sial results may be due to many different variables 
accounting for survival in hematological patients 
requiring ICU admission.

In the following, we report some of the most deter-
mining variables that have been related to survival in 
HSCT recipients.

5.4.1  Selection of Patients

The number of HSCT recipients requiring ICU admis-
sion is decreasing [2]. This lower ratio of admissions is 
unlikely to be due to the underutilization of ICU 
resources. Rather, it is probably related to a shorter 
neutropenic phase, better antimicrobial prophylaxis 
and treatment, and improved experience in the man-
agement of these patients before their condition dete-
riorates. Also, the improved survival may partially be 
explained by the implantation of restrictive policies for 
selecting patients to ICU admission. Although the 
selection of the best candidates for ICU care is difficult 
and there are no objective data to support the decision 
[36], it is possible that selection of patients who are 
most likely to benefit from ICU admission might 
explain part of the survival gains. Also, it is possible 
that the decrease in mortality was, in fact, accompa-
nied by a decrease in the number of patients requiring 
MV, a known risk factor for poor outcome. Reasons for 
a decrease in the number of HSCT patients who require 
MV may be related to a decrease in pulmonary compli-
cations in these patients or because hematologists and 
intensivists are better at the early management of pul-
monary complications, thereby minimizing the number 
of patients who ultimately require MV [3, 37].

5.4.2  Transplant Specific Factors

HSCT recipients have “per se” an adverse prognostic 
factor in many studies. However the prognosis of both 
autologous and allogeneic HCT seems to be different. 
In allogeneic HSCT recipients, infectious complica-
tions are more common because they require the 

administration of immunosuppressive agents after 
transplantation to prevent or treat GVHD. In addition, 
GVHD itself causes an immunodeficient state by 
involving mucosal surfaces, the reticuloendothelial 
system, and bone marrow. Because of all this, the mor-
tality of recipients of allogeneic HSCT, requiring life-
sustaining measures, is extremely high [3, 9]. In 
contrast, autologous HSCT recipients, who receive a 
less intense conditioning regimen, have a similar prog-
nosis to other critically ill cancer patients in that their 
short-term risk of death depends only on the number 
and type of organ dysfunctions. Few studies have 
emphasized the radically different outcomes between 
allogeneic and autologous HSCT recipients in the ICU. 
Shorr et al. [38] collected data focusing only on autol-
ogous HSCT, with the aim of determining the fre-
quency of and risk factors for the use of MV in this 
population. These authors concluded that MV is infre-
quently needed following autotransplants. Of 159 
patients included, only 17 required MV (10.7%), with 
3 of them surviving the episode (17.6%). It is possible 
that the large proportion of autologous transplantation 
recipients included in the recently published cohorts 
might be a confounding factor and led to an underesti-
mation of the mortality rate of allogeneic graft recipi-
ents. In particular, the recent series by Soubani et al. 
[2], which showed a significant improvement in sur-
vival in HSCT recipients, included a cohort with almost 
half of the patients (47%) having received an autolo-
gous HSC transplant.

Finally, other reasons related to the transplantation 
technique that can indicate an improved survival are 
the reduced toxicity of conditioning regimens, the use 
of alternative hematopoietic precursor sources, such as 
mobilized peripheral blood stem cells, and cytokines, 
such as hematopoietic cell colony-stimulating factors, 
which significantly shorten the time to engraftment, 
thus decreasing the incidence of infectious pulmonary 
complications.

5.4.3  Ventilatory Support

The outcome of alo-HSCT recipients requiring MV 
has not improved for 2 decades, with consistent sur-
vival rates of less than 20% [37, 39, 40] Patients 
requiring MV have a worse prognosis than similar 
patients matched for general severity-of-illness 
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scoring systems such as APACHE II, because MV 
may be directly injurious through increasing the risk 
for nosocomial pneumonia [41, 42]. Moreover, the 
association of ARF requiring MV with other organ 
failures has been reported to be almost uniformly fatal 
(Fig. 5.1). The avoidance of intubation using ventila-
tory strategies aimed at minimizing further lung injury 
may change the dismal prognosis associated with MV 
in HSCT recipients. Different studies have shown that 
early implementation of noninvasive ventilation (NIV) 
is indicated in an early stage of hypoxemic ARF in 
immunocompromised patients, since it decreases both 
the requirement of intubation and the incidence of 
nosocomial pneumonia, and consequently this venti-
latory support might improve survival [43–45]. 
However, caution should be used concerning the unse-
lective use of NIV in immunocompromised patients. 
Azulay et al. [34] conducted a prospective study to 
identify factors associated with death in critically ill 
cancer patients admitted for ARF. These authors 
observed that mortality in patients treated with NIV 
who subsequently did not require conventional MV 
was only 15%, confirming the critical goal that this 
technique can add to the management of critically ill 
cancer patients. However, mortality in patients that 
required conventional MV after 72 h of NIV was very 
high. The absence of  benefit from NIV in patients with 
severe lung involvement is in agreement with previous 
reports, suggesting that in selected cases NIV might 
have a deleterious impact by delaying conventional 
MV in patients who have ARDS and are managed 

with  nonoptimal  diagnostic and treatment strategies. 
Depuydt et al. [46], in a retrospective revision of 26 
patients with hematologic malignancies treated with 
NIV for ARF, could not demonstrate a survival benefit 
for the use of NIV in comparison with control patients 
receiving MV and matched for SAPS II. In this study, 
NIV was mainly used for the treatment of patients 
with acute severe hypoxic failure, and 60% of them 
required immediate endotracheal intubation as well as 
vasopressor therapy because of circulatory shock [45]. 
They hypothesized that the protective effect of NIV 
might be exerted only if applied immediately in an 
early, more compensated phase of their critical 
illness.

In summary, based on the extremely poor prognosis 
of patients requiring MV and the promising results 
obtained with NIV, it seems logical to recommend the 
application of this type of ventilatory support to HSCT 
recipients with pulmonary infiltrates once significant 
respiratory failure has ensued. Further studies are 
needed to confirm these results and to determine the 
optimal duration of NIV in hematological patients.

5.4.4  Importance of Establishing  
a Specific Diagnosis

HSCT recipients with pulmonary infiltrates need to be 
managed aggressively, and the underlying etiology 
must be identified as early as possible. The possibility 
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of non-infectious complications and the difficulty of 
making an antibiotic selection in light of growing 
resistance and the wide spectrum of potential etiologic 
factors emphasize the importance of designing strate-
gies aimed at obtaining an early diagnosis. This is par-
ticularly true if we consider that inadequacy of the 
empirical treatment in the ICU setting increases the 
risk of death significantly [47]. In this sense, it has 
been shown that early diagnosis of both viral and fun-
gal infections decreases mortality [48]. The use of both 
non-invasive and bronchoscopic techniques may facil-
itate the diagnosis in the majority of cases [49]. Some 
authors advocate the use of non-invasive diagnostic 
techniques as the cornerstone of the diagnostic workup 
of these patients, leaving bronchoscopic techniques for 
those selected patients with no evident risk of deterio-
ration [50]. However, various studies in non-hypox-
emic patients outside the ICU have shown that 
fiberoptic bronchoscopy is a low-risk procedure that 
can be performed in most patients and may add to the 
prompt identification of the specific etiologic agent, 
facilitating an etiology-guided treatment and avoiding 
unnecessary and potentially harmful additional treat-
ment [51].

More controversial is whether or not the achieve-
ment of an early and specific diagnosis improves 
survival in HSCT recipients admitted to the ICU. 
Some investigators have reported that obtaining a 
specific diagnosis does not alter mortality in these 
patients [52–54]. Other researchers have reached 
different conclusions [51, 52]. The impact of diag-
nostic delay on mortality is an important emerging 
general theme in the care of seriously ill patients, 
particularly as it affects the adequacy of initial ther-
apy [55]. Recommendations should focus on which 
is the best diagnostic strategy. In this sense, non-
invasive techniques are increasingly used with suc-
cess in these patients [52]. Bronchoscopy has, no 
doubt, an important role in the diagnosis, but a dili-
gent analysis of its risk must be performed in each 
particular patient [52].

5.4.5  Other Factors Influencing Survival

Interestingly, in patients who are selected for ICU 
admission, the characteristics of the underlying malig-
nancy are not associated with survival. Thus, the 
response to chemotherapy, stage of the malignancy, 

and other characteristics of the cancer have little or no 
impact on short-term survival [9]. The importance of 
leucopenia as a risk factor for mortality in critically ill 
patients with a hematologic malignancy is controver-
sial. Different studies have reported a higher mortality 
in patients with prolonged neutropenia; however, this 
has not been confirmed by other authors [33]. The 
infectious etiology of the pulmonary complication has 
been classically considered as the most important 
cause of mortality in patients with a hematologic 
malignancy admitted to the ICU [7, 56], however, a 
recent study by Benoit et al. [8] reported a better prog-
nosis in patients with documented bacterial infection 
than in those with non-bacterial pulmonary infections. 
Even in the absence of an identifiable bacterial micro-
organism, severely ill hematological patients admitted 
to the ICU with a clinical suspicion of bacterial infec-
tion had a better prognosis.

Other factors that have been considered as early 
predictors of poor outcome are the use of vasopressors, 
high urea levels [33], the number and severity of organ 
failures [9], liver failure, use of glucocorticoids for 
treating GVHD, and interval time between transplan-
tation and ICU admission.

Although various retrospective analyses in immu-
nocompromised patients indicate that higher APACHE 
II scores predict mortality [7], extrapolating a specific 
mortality rate to a particular patient is fraught with dif-
ficulty [55]. The information provided by general 
severity scores should only be considered in light of 
other clinical and more relevant variables.

Finally, some specific complications have been 
identified as predictors of favorable outcome, such as 
the engraftment syndrome, congestive heart failure, 
and diffuse pulmonary hemorrhage [57].

5.5  Conclusions

Over the last years, important advances in the manage-
ment of hematological patients requiring ICU admis-
sion have taken place. As a result, survival in these 
patients has improved over the last decade. Thus, the 
general reluctance to admit patients with a hemato-
logic malignancy to the ICU, even those with severe 
critical illness, is currently no longer justified. Not all 
transplanted patients with ARF can be expected to suc-
cumb. In the select, low-risk population of patients 
with autologous SCT with ARF, survival rates fall 
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within a range that we see for many other diseases that 
are routinely managed in ICU, such as sepsis-related 
ARDS [42]. In these patients, dedicated and aggres-
sive support in the early phases of respiratory failure to 
attempt to establish an etiology seems warranted, 
allowing the early introduction of specific treatment. 
Early diagnosis is advantageous, and bronchoscopy, 
when carefully indicated, substantially increases the 
diagnostic yield, causing changes in the empirical 
treatment in the majority of patients [7]. The appropri-
ate timing for withholding or withdrawal of support is 
probably the most contentious issue surrounding the 
care of these patients [42]. In patients in whom poten-
tial benefits of ICU admission are in doubt, a trial of 
full intensive ICU management should be given for a 
limited time period, during which daily evaluation of 
organ dysfunction may provide a more accurate pre-
diction of survival than at admission [9].
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6.1  Epidemiology

Patients with hematological malignancies frequently 
experience pulmonary diseases, and these complica-
tions represent a difficult challenge for physicians. The 
aim of this chapter is not to give an exhaustive review 
of noninfectious causes of lung involvement in these 
patients, but to highlight the frequency of some of 
well-known lung diseases. We have made the choice to 
examine three different aspects of noninfectious lung 
involvement in hematological patients that are also 
covered in three different chapters in this book, namely, 
thromboembolism, secondary cancers and treatment-
related pulmonary toxicity. Our major goal is to 
 illu strate the wide spectrum of lung diseases in hema-
tological patients.

6.2  Venous Thromboembolism 
in the Hematologic Malignancies

Patients with hematological malignancies are well 
known to be at high risk of hemorrhagic complica-
tions, but are also at high risk of venous thromboembo-
lism (VTE) [11]. Dr. Khorana has contributed a specific 
chapter on this topic in this book. Compared with the 
estimated annual incidence of VTE in the general pop-
ulation, the incidence of 0.1–0.5% in the cancer popu-
lation appears in the ranges of VTE in patients with 
high-risk solid tumors [18]. Immobility, age, previous 
thrombotic history, venous stasis and infection are all 
disease-host risk factors for VTE. Treatment-related 
risk factors, such as chemotherapy, hormone therapy, 
erythropoiesis-stimulating factor or central venous 
devices, can participate to the general risk [15].
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Current published data allow estimation of VTE 
rates in patients with lymphoma, acute leukemia (AL) 
and multiple myeloma (MM).

6.2.1  Lymphoma

In a large cohort study from Khorana et al., lymphoma 
was associated with the third risk level of thrombosis 
after upper gastrointestinal cancers and lung cancers 
[15]. The retrospective analysis from [24] found a global 
VTE incidence of 7.7%, with a significantly higher rate 
in patients with high-grade lymphoma (10.6%). The 
thrombosis incidence is even higher in CNS lymphoma 
patients mostly receiving methotrexate (59.5%) [12]. 
Two studies have prospectively evaluated the incidence 
of VTE in lymphoma. The VTE rate was estimated 
between 6.6% and 8.6% depending on the type of lym-
phoma (Hodgkin’s disease versus non-Hodgkin’s lym-
phoma) and chemotherapy regimens [15, 26]. A platelet 
count higher than 350,000 mm3 and vessel compression 
by the tumor were risk factors for VTE.

6.2.2  Acute Leukemia

Thrombotic events have been described to be less 
 frequent than hemorrhages in AL patients, particularly 
in acute promyelocytic leukemia. However, recent stud-
ies suggest a significant rate of thrombosis, which can 
vary from 1.4% to 12% depending on the timing: at 
diagnosis or during remission induction therapy. A large 
population-based cohort study of patients with AL, 
AML or ALL was used to determine the incidence and 
risk factors associated with development of VTE. The 
2-year cumulative incidence of VTE was 5.2% in AML 
and 4.5% in ALL [17]. In AML patients, female sex, 
older age, number of chronic comorbidities, and pres-
ence of a catheter were significant predictors of devel-
opment of VTE within 1 year. A diagnosis of VTE was 
not associated with reduced survival in AML patients. 
Risk factors for VTE in ALL patients were presence of 
a central venous catheter, older age and number of 
chronic comorbidities. In the patients with ALL, devel-
opment of VTE was associated with a 40% increase in 
the risk of dying within 1 year. In acute lymphoid leuke-
mia, two meta-analyses found an incidence of 5.2% 
(children) to 5.9% (adults) of thrombotic events [5, 6].

6.2.3  Multiple Myeloma

Ten percent of patients with MM will develop a VTE. 
Thalidomide and its derivative increase the response of 
treatment, but when these drugs are associated with 
doxorubicin or dexamethasone, the risk of VTE is two 
or three times more likely [3, 10]. Few data are avail-
able for lenalidomide, but it seems associated with an 
increase of thrombotic events, particularly in combina-
tion with dexamethasone (6% vs. 2%) [22]. A recent 
study combining results and follow-up of two random-
ized protocols, including 353 patients with MM, 
showed a thromboembolic event in 17% of patients. 
However, contrary to patients with solid cancer, it is 
not associated with shorter survival [32].

6.3  Drug-Induced Lung Toxicity

Infiltrative lung diseases related to the use of antineo-
plastic agents are being increasingly described in 
patients with hematological malignancies. A chapter 
from Camus and coworkers covers this topic very well 
in this book. Although the pulmonary toxicity of old 
agents is well known, they contribute little to signifi-
cant pulmonary disease. However, newer drugs or old 
drugs with new indications (such as thalidomide in 
MM) increase the incidence of such complications 
substantially.

Regarding epidemiological data, conversely to VTE, 
no specific diagnostic criteria are set up to report on 
precise the incidence of drug-induced lung diseases. 
Drugs can produce all histological patterns of intersti-
tial pneumonia, and there are no specific histological 
criteria for drug-induced lung disease. The diagnosis 
rests on a temporal association between exposure and 
the development of respiratory symptoms. Since 
patients with hematological malignancies are often 
being treated at the same time by different antineoplas-
tic drugs or exposed to a wide variety of others medica-
tions, with potential lung toxicity, increased difficulties 
exist when trying to affirm the relation between one 
drug and lung toxicity.

The incidence of drug-induced lung toxicities var-
ies considerably from 0.1% to 15% of patients with 
hematological malignancies. It has to be noted that 
concomitant use of steroids does not necessarily pre-
vent the development of lung toxicities (Table 6.1).
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Agent Class Incidence Frequency

Anthracyclines Cytotoxic antibiotics <0.1

Azacytidine Demethylating agent <5 a

Bleomycin Antineoplastic antibiotic c

Bortezomib Proteasome inhibitor 15 a

Busulfan Alkylating agent c

Carmustine Nitrosourea c

Cladribine Purine analog <0.1 a

Cyclophosphamide Alkylating agent c

Cytosine Arabinoside Antimetabolite analog b

Dasatinib Tyrosine kinase inhibitor <0.1 b

Etoposide Topoisomerase inhibitor c

Fludarabine Purine analog <9 b

Gemcitabine Antimetabolite b

Hydroxyurea Antimetabolite b

Imatinib Tyrosine kinase inhibitor <1.3 a

Interferon-alpha Interferon 1.5 b

Lenalidomine Thalidomide derivative 6 a

Lomustine Nitrosourea b

Melphalan Alkylating agent b

Methotrexate Antimetabolite agent c

Procarbazine Alkylating agent <0.1 b

Rituximab Monoclonal antibody <0.1 b

Thalidomide Thalidomide <0.1 a

Trofosfamide Alkykating agent <0.1 a

Vinblastine Vinca alkaloid c

Table 6.1 Antineoplastic agents associated with lung disease

Pneumotox® website [4]
aIsolated cases
b10 cases reported
c20–100 cases reported

Adapted from http://pneumotox.com

6.4  Lung Diseases Induced by 
Radiation of the Chest

Radiation lung toxicity can develop during or follow-
ing radiation therapy for Hodgkin’s or non-Hodgkin’s 
lymphoma, or total body irradiation (TBI). Gallego 
and Rello have covered this topic very nicely in this 
book. Variation in study population, treatment regimen 

and criteria for radiation pneumonia diagnosis ham-
pers the comparison of patient cohorts across different 
studies. In contrast to allogeneic BMT studies, the 
incidence of pneumonitis is low (between 0% and 
16%). In a study of 94 patients who underwent BMT 
using an escalated TBI-containing conditioning regi-
men, Chen and coworkers looked at pretransplant vari-
ables that predict radiation-induced pneumonitis [7]. 
They failed to find predictable variables other than 
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pretransplant hemoglobin less than 100 g/L. This sug-
gests that TBI itself is the main factor, and this has 
been confirmed by comparison with others cohorts of 
patients with lymphoma who have been treated by the 
same conditioning regimen with or without TBI [7]. 
This has been confirmed in patients with MM. 
Unacceptable risk of pulmonary fibrosis has been 
described in regimens combining radiation and drugs, 
such as gemcitabin, vinblastin, bleomycin and metho-
trexate. However, in one study of 60 early stage 
Hodgkin’s lymphoma (HL) patients receiving an 
ABVD regimen, adding mediastinal radiotherapy was 
associated with a significant decrease in FVC and 
DLCO. This worsening respiratory function was 
observed in 37% of patients, but with no translation 
into clinical symptoms [14].

Mediastinal emphysema and pneumothorax have 
also been described in case series, and a frequency of 
2.2% has been proposed for Hodgkin’s patient without 
previous lung disease and treated by mantle radiation 
therapy [27, 28]. This suggests a pathophysiologic link 
between apical fibrosis and onset of pneumothorax. 
Strikingly, most patients were asymptomatic.

Radiation can also cause vasculopathy with intimal 
damage in both arterioles and veinules. Different case 
reports have emphasized the risk of veno-occlusive 
disease of the liver but also the lung following TBI and 
a conditioned regimen before bone marrow transplan-
tation, but case reports described this complication in 
patients following radiation in a mantle distribution 
[16, 19].

6.5  Secondary Lung Cancers

Although the possibility of a malignant involvement in 
different organs is possible and frequent in hemato-
logical malignancies, secondary malignancy as a result 
of long-term complications of treatment is one of the 
most concerning problems for physicians.

6.5.1  Hodgkin’s Lymphoma

Solid tumors account for more than one-half of sec-
ond malignancies developing after 15 or more years 
of follow-up in patients treated for HL. Although no 

prospective study has reported the occurrence of a 
new second cancer, 20 retrospective studies with 
long-term outcomes have been published [20]. In 
this study, relative risk and absolute excess risk of 
second malignant disease in 32,591 patients treated 
for HL were as  follows: for all solid tumors, RR 2.0 
(1.9–2.4) and absolute excess risks of 33.1; for 
esophagus, 2.8 (1.8–4.0) and 0.7, for stomach, 1.5 
(0.3–3.5) and 0.1; for small intestine 1.9 (1.5–2.4) 
and 1.5; for colon, 2.9 (2.6–3.2) and 9.7; for the lung 
1.6 (1.4–1.9) and 2.0; for female breast, 9.9 (8.7–
11.2) and 8.8 [20].

Lung cancer frequencies varied across studies: 1/3 
of solid tumors in the British National Lymphoma 
Organization and less than 10% in the American study 
[29, 30].

Risk of lung cancer is significantly increased in 
patients who have been treated for HL[21, 25]. The 
median relative risk of a second lung cancer ranges 
from 2.6 to 7. Several risk factors have been 
described: (1) age at treatment older than 45 years; 
(2) time since treatment, but above 20–30 years after 
treatment the risk falls to that of the untreated popu-
lation; (3) the treatment modality is an important risk 
factor: an increased number of cycles >9 or a MOPP 
regimen; radiotherapy is a more important factor 
than chemotherapy itself, increasing the radiation 
dose up to 40 Gy; (4) the smoking habit, smoking at 
the time of treatment or current smokers can increase 
the risk for lung cancer [30], but not the amount 
smoked before diagnosis [31].

There appears to be a more than multiplicative 
relation between smoking-related and radiation-
related or alkylating agent risk (Table 6.2). Contrarily, 
gender, splenic involvement or splenectomy and com-
bined modality do not appear to be associated with a 
high risk.

6.5.2  Second Cancers Following Bone 
Marrow Transplantation

In the largest study conducted to date among 19,229 
recipients of allogeneic and syngeneic HCT, the cumu-
lative incidence of second cancers at 5, 10 and 15 years 
after transplantation was 0.7%, 2.2% and 6.7%, respec-
tively. In the general population, these rates are of 
0.3%, 0.6% and 0.8% [23].
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6.6  Other Lung Diseases

6.6.1  Pulmonary Extramedullary 
Hematopoiesis

Acute respiratory failure and pulmonary fibrosis have 
been described in patients with agnogenic myeloid 
metaplasia, but parenchymal nodules and pleural effu-
sion have been described as well [1, 2].

6.6.2  Pulmonary Hypertension  
and Myelofibrosis

An association between pulmonary hypertension and 
myeloproliferative diseases has been suggested in 
small series [9]. For these reasons, it is difficult to esti-
mate the incidence of this complication, but it is prob-
ably a rare disease. It has been suggested that there are 
two distinct forms of pulmonary hypertension [13]. 
Chronic thromboembolism disease is a common com-
plication of myeloproliferative disease and can induce 
pulmonary hypertension. This form of pulmonary 
hypertension occurred more frequently in the first 
2 years. Arterial pulmonary hypertension seems less 
frequent and occurred in a late course of the disease, 
suggesting that myeloid infiltration participates in the 
physiopathology.

6.6.3  Alveolar Proteinosis

In a retrospective study, Fleury Feith and colleagues 
estimated the incidence of this rare complication at 
5.3% among all the hematologic population and 10% 
in patients with myeloid disorders [8]. The study  
is based on a BAL retrospective study, but may rep-
resent in most cases a more surfactant dysfunction 
than a lung disease. Alveolar proteinosis is covered 
by the contribution to this book by Vincent and 
Tandjaoui.

6.7  Summary

Noninfectious lung involvement in patients with hema-
tological malignancies is a frequent condition. If infec-
tious disease and cardiogenic pulmonary edema are 
the most frequent complications, VTE and drug-
induced lung toxicity could potentially be detected 
early during the hematological disease. Risk of lung 
cancers is significantly increased in patients with CLL, 
those treated for lymphoma or those who underwent 
bone marrow transplantation. This emphasized the 
need to encourage patients to stop smoking, and a 
screening program for lung cancer in high-risk patients 
(age >45 years, chest irradiation and smokers) should 
be discussed.

Radiation > 5 Gy Alkylating agents Smoking habits in the  
5 years before  
diagnosis of lung  
cancer

Relative risk [95% CI]

− − – 1.0a

− + − 4.3 [2–12]

− − + 6.0 [2–20]

+ − − 7.2 [3–21]

+ + − 7.2 [3–22]

– + + 16.8 [6–53]

+ − + 20.2 [7–68]

+ + + 49.1 [15–187]

Table 6.2 Risk of developing lung cancer in Hodgkin’s lymphoma patients depending on treatment regimens and smoking habits

Data from Travis et al. [30]
aThe reference group consisted of 21 patients with lung cancer and 98 control patients who received a radiation dose of less than  
5 Gy to the specific location in the lung where the cancer was diagnosed
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7.1  Introduction

Worldwide, tens of thousands of patients undergo 
blood and marrow transplants (BMT) each year, mainly 
for hematologic disorders [1]. BMT recipients are 
often treated with a conditioning regimen before the 
transplant. Conditioning regimens with total body irra-
diation ³500 cGY, single fractionated dose ³800 cGY, 
busulfan doses of >9 mg/kg, or malphalan doses of 
>150 mg/m2 given as single agents or in combination 
with other agents are considered myeloablative. 
Conditioning regimens with lower doses of total body 
irradiation, fractionated doses, busulfan, and malphalan 
than those used in myeloablative regimens are consid-
ered non-myeloablative or lower intensity conditioning 
regimens. The majority of BMT performed worldwide 
is autologous. Mobilized peripheral blood stem cells 
are the main graft source for autologous BMT, account-
ing for >90% [1]. Bone marrow is the primary graft 
source in children undergoing allogeneic BMT. 
However, the use of peripheral blood and umbilical 
blood grafts in children is increasing. During the period 
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from 2003 to 2007, peripheral blood and umbilical 
cord blood grafts accounted for 28% and 20%, respec-
tively, of allogeneic BMT in children [1]. Peripheral 
blood is the source of allogeneic graft in approximately 
80% of BMT recipients older than 20 years. The most 
common indications for BMT are multiple myeloma 
and lymphoma, accounting for 63% in North America 
[1]. Multiple myeloma is the most common indication 
for autologous transplantation and acute myelogeneic 
leukemia for allogeneic transplantation.

The post-transplant period is divided into three 
phases: pre-engraftment (0–30 days), early post-
engraftment (30–100 days), and late post-transplant 
(>100 days). BMT recipients’ underlying diseases, the 
chemotherapy and radiation therapy they receive to 
treat the underlying diseases, and the conditioning regi-
men result in damage to multiple organ systems. 
Pulmonary complications develop in 30–60% of BMT 
recipients [2–4]. The pulmonary complications follow 
characteristic time patterns [5]. With the widespread 
use of prophylaxis for certain infections, the spectrum 
of pulmonary complications following BMT has shifted 
from more infectious to non-infectious complications 
[6]. Among the non-infectious pulmonary complica-
tions, pulmonary edema, diffuse alveolar hemorrhage 
(DAH), and peri-engraftment respiratory distress syn-
drome (PERDS) usually occur during the first 30 days 
following transplant (Fig. 7.1). Idiopathic pneumonia 
syndrome (IPS) can occur at any time following trans-
plant. We will review the main non-infectious pulmo-
nary complications in this chapter (Tables 7.1 and 7.2).

7.2  Pulmonary Function Abnormalities

Pulmonary function test (PFT) in BMT recipients has 
shown that restrictive and obstructive ventilatory 
defects and gas transfer abnormalities are frequent 

DAH

APE
PERDS

BOOP

PCT

IPS

Acute GVHD Chronic GVHD

BO

Phase III

Months

1211108 976543210

Phase I Phase II

Fig. 7.1 Timing of the major non-infectious complications 
following blood and marrow transplantation. BO Bron-
chiolitis obliterans, DAH diffuse alveolar hemorrhage, 
GVHD graft-versus-host-disease, IPS idiopathic pneumonia 

syndrome, P edema pulmonary edema, PERDS peri-engraft-
ment respiratory distress syndrome, Phase I pre-engraftment 
period, Phase II early post-engraftment period, phase III 
late post-engraftment period

Isolated abnormality in pulmonary function

Asthma

Acute pulmonary edema

Bronchiolitis obliterans

Bronchiolitis obliterans organizing pneumonia

Idiopathic pneumonia syndrome

Diffuse alveolar hemorrhage

Peri-engraftment respiratory distress syndrome

Delayed pulmonary toxicity syndrome

Pulmonary cytolytic thrombi

Pulmonary veno-occlusive disease

Progressive pulmonary fibrosis

Pulmonary hypertension

Hepatopulmonary syndrome

Pulmonary alveolar proteinosis

Eosinophilic pneumonia

Table 7.1 Noninfectious pulmonary complications in blood 
and marrow transplant recipients
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long-term sequelae, particularly following allogeneic 
transplantation [6, 7]. A systematic review of 20 publi-
cations published between 1996 and 2001 found 
decreased carbon monoxide diffusion (DLCO) in 83%, 
restriction in 35%, and obstruction in 23% of alloge-
neic BMT recipients [8]. A retrospective cohort study 
of over 500 BMT recipients from the University of 
Toronto covering a more contemporary period of 
1980–1997 documented somewhat lower frequencies: 
impaired diffusion in 35%, restriction in 12%, and 
obstruction in only 6% of long-term survivors [9]. 
While the frequency of restriction and impaired diffu-
sion appeared constant over time, this study suggested 
a declining frequency of airflow obstruction: 15% in 
patients transplanted before 1987 compared to 5% for 
those receiving transplantation after 1987. The 
extremely low incidence of airflow obstruction docu-
mented in this study likely reflects the very stringent 
diagnostic criteria utilized by the authors. Utilizing a 
more sensitive definition, Chien and colleagues identi-
fied airflow obstruction in 26% of long-term survivors 

of allogeneic BMT in a contemporary series from the 
Fred Hutchinson Cancer Center [10]. Notably, the 
development of airflow obstruction serves as a marker 
for increased risk of mortality following transplanta-
tion [9–11].

Risk factors for the development of PFT abnormali-
ties following BMT include smoking history, pre-
transplant pulmonary infection and viral infection in 
the early post-transplant period, older age, underlying 
disease, pre-transplant chemotherapy and conditioning 
regimen, graft-versus-host-disease (GVHD), and 
HLA-mismatch [9, 10, 12–26]. Respiratory muscle 
weakness due to GVHD-associated myositis has been 
described following allogeneic BMT and may rarely 
be a contributing factor to restrictive pulmonary func-
tion abnormalities [27–29].

Several studies have suggested that abnormal pul-
monary function may be a risk factor for the subse-
quent development of pulmonary complications in 
BMT recipients [14, 30–34]. However, some investi-
gators have reported conflicting data showing no 

Table 7.2 Characteristics of selected pulmonary complications in BMT recipients

Characteristics BO BOOP DAH PERDS IPS

Incidence 3.8% in 
allogeneic, rare in 
autologous

Low 5% 5% 10%

Clinical features Dyspnea Dyspnea Dyspnea Dyspnea Cough

Cough Cough Cough Fever Dyspnea

Wheezing Fever Fever

PFT Airway 
obstruction

↓¯ TLC ↓¯ TLC

↓¯ DLCO ↓¯ DLCO

Radiographic 
features

Air trapping Consolidation Infiltrates Infiltrates Diffuse infiltrates

Hyperinflation Ground-glass 
opacity

Ground-glass 
opacities

Normal
Nodular opacity

Definite diagnosis Surgical biopsy Surgical biopsy Bronchoscopy Clinical 
Bronchoscopy

Bronchoscopy

Transbronchial 
biopsy

Surgical biopsy

Treatment Immuno-
suppressant

Steroids Steroids Steroids None

Case fatality High (59%) Low (19%) High (80%) 26% 74%

BMT Hematopoietic peripheral blood and bone marrow stem cell transplant, BO bronchiolitis obliterans, BOOP bronchiolitis 
 obliterans organizing pneumonia, DAH diffuse alveolar hemorrhage, DLCO diffusion of carbon monooxide, IPS idiopathic pneumo-
nia  syndrome, PERDS peri-engraftment respiratory distress syndrome, PFT pulmonary function test, TLC total lung capacity
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significant association between baseline pulmonary 
function values and subsequent pulmonary complica-
tions or mortality [15, 26]. Moreover, there is consid-
erable variability among published studies in the 
particular pulmonary parameters deemed to be predic-
tive, the post-transplant complications that they pre-
dict, and the strength of the association [35].

7.3  Asthma

There are case reports of asthma developing after allo-
geneic BMT [36–40]. Limited data suggest that the 
serum IgE level, of donor origin, is elevated following 
transplantation [41]. Allergen-specific IgE-mediated 
hypersensitivity can be transferred from donor to recip-
ient by B cells with allergen-specific memory leading 
to atopic dermatitis, allergic rhinitis, and asthma  
[36, 37, 41, 42]. The management of asthma in BMT 
recipients is similar to that of the other population.

7.4  Acute Pulmonary Edema

Acute pulmonary edema in BMT recipients commonly 
occurs during the neutropenic phase and results from a 
combination of both hydrostatic and non-hydrostatic 
(capillary leak) factors [43]. Hydrostatic pulmonary 
edema may result from high volumes of fluid for medi-
cations, total parenteral nutrition, and multiple transfu-
sions. The heart may also be compromised by a number 
of chemotherapeutic drugs, such as adriamycin and 
high-dose cyclophosphamide. Clinical features include 
weight gain, dyspnea, and bibasilar crackles. The 
radiographic findings may include vascular redistribu-
tion, increased interstitial markings, Kerley B lines, 
and ground-glass opacities. Cardiomegaly is generally 
absent unless there is associated cardiac dysfunction. 
Acute pulmonary edema can be prevented and treated 
with fluid restriction and diuretics.

7.5  Bronchiolitis Obliterans

Graft-versus-host disease (GVHD) is a major complica-
tion of allogeneic BMT, with an overall incidence between 
30% and 60% [44]. Infectious and non-infectious 

pulmonary complications are common in BMT recipients 
with GVHD. The pulmonary histology of BMT recipi-
ents with GVHD may show diffuse alveolar damage, 
lymphocytic bronchitis/ bronchiolitis with interstitial 
pneumonitis, bronchiolitis obliterans organizing pneu-
monia (BOOP), and bronchiolitis obliterans (BO) [45]. 
BO is a nonspecific inflammatory injury affecting pri-
marily the small airways, often sparing the interstitium 
[46]. The term bronchiolitis obliterans has been used to 
describe a heterogeneous group of conditions [47]. This 
has been well depicted by Dr. Bergeron and colleagues in 
this book (see the Pearls section). In the clinical literature, 
it has been used to describe various conditions that result 
in airflow limitation. Philit et al. have recommended the 
term “post-transplant obstructive lung disease” instead of 
“bronchiolitis obliterans” because it takes into account 
both the functional definition and the clinical context of 
the syndrome [48]. Although BO can be idiopathic, it is 
often associated with connective tissue disease, inhaled 
toxins, infections, drugs, and chronic GVHD [46]. In the 
BMT recipient, BO is in most cases considered to be a 
severe manifestation of chronic GVHD, though infection 
and drug toxicity may be contributing factors [49].

7.5.1  Incidence and Risk Factors

Airway disease as a complication of BMT was first 
recognized in the early 1980s [50]. BO almost exclu-
sively affects allogeneic recipients with GVHD. 
There are only rare case reports of BO in autologous 
recipients [51]. In a study of 1,789 allogeneic BMT 
recipients, 47 (2.6%) developed BO compared to 
none of the 1,070 autologous recipients [52]. The 
reported incidence of BO varies among studies, 
related in part to patient population, and to variable 
definitions and diagnostic criteria. Although some 
studies have included pathologic findings, most of 
the reported cases of BO were defined by the pres-
ence of airflow limitation in the appropriate clinical 
setting. The frequency of BO was 3.9% among 4,180 
allogeneic BMT recipients reported in 13 studies 
[53]. A recent study employing a highly sensitive 
definition of airflow obstruction documented an inci-
dence of 26% [10]. The incidence varies between 
6% and 35% in long-term survivors with GVHD [13, 
49, 52, 54, 55].

GVHD, older donor and recipient age, methotrex-
ate use, antecedent respiratory infection, and serum 
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immunoglobulin deficiency are risk factors for BO 
[10, 13, 17, 49, 52, 56]. Patients who receive alloge-
neic T-cell depleted stem cells or are treated with a 
non-myeloablative conditioning regimen have a lower 
incidence of pulmonary complications, including BO 
[57, 58]. Although pulmonary infections are identified 
in many patients with BO, it is not clear whether they 
are directly related to airway disease or whether they 
result from immune suppression.

7.5.2  Pathogenesis

The pathogenesis of BO in BMT recipients is not 
well understood. The association between BO and 
chronic GVHD suggests that host bronchiolar epithe-
lial cells serve as a target for donor cytotoxic 
T-lymphocytes [59]. Recurrent aspiration of oral 
material due to esophagitis associated with GVHD, 
abnormal local immunoglobulin secretory function in 
the lungs, and unrecognized infections may also play 
roles [49, 59]. The variations in histopathology, bron-
choalveolar lavage cellular composition, and clinical 
course; the frequency of associated pulmonary infec-
tion; the increased risk associated with methotrexate 
and the rare occurrence after autologous BMT sug-
gest multi-factorial pathogenesis [51, 52, 59, 60].

7.5.3  Clinical Findings 
and Diagnostic Evaluation

BO can occur 2 months to 9 years after transplantation 
[17, 52, 55, 56, 61]. The majority of patients with BO 
present insidiously with dry cough and dyspnea, 40% 
develop wheezing, and 20% report antecedent “cold” 
symptoms; fever is notably absent [55, 56]. Twenty 
percent of the patients with BO had no respiratory 
symptoms at the time of the abnormal pulmonary func-
tion testing. Since the presenting respiratory symptoms 
are non-specific, a complete history, including prior 
medications and infections, and thorough physical 
examination focusing on signs of chronic GVHD 
should be obtained. Appropriate microbiology studies 
and laboratory evaluations, including complete blood 
count with differential, blood urea nitrogen, creatinine, 
total bilirubin, hepatic transaminases, gammaglobulin 
levels and subclasses, and urinalysis, are recommended 

to exclude infection and complications of GVHD [59]. 
Since there is a high prevalence of sinusitis in alloge-
neic BMT recipients with GVHD, radiographic assess-
ment of the paranasal sinuses is also recommended 
[59, 62–65]. If gastrointestinal GVHD or aspiration is 
a consideration, esophageal studies should be per-
formed [59, 66].

PFT is the mainstay of diagnosis of BO [67]. 
Although normal airflow has been reported in BMT 
recipients with histologically proven BO [51], irrevers-
ible airflow obstruction is the hallmark of clinically 
significant disease. In lung transplant recipients, BO is 
classified based on spirometry into stage1 (FEV1 
66–80% of peak post-transplant baseline), stage 2 
(FEV1 51–65% of baseline) and stage 3 (FEV1 < 51% 
of baseline) [68]. The utility of this classification 
scheme in defining the severity or prognosis in BMT 
recipients has not been established.

The chest radiograph is usually normal or may show 
hyperinflation. High-resolution computed tomography 
(HRCT) of the chest may show decreased lung attenu-
ation, segmental or subsegmental bronchial dilatation, 
diminution of peripheral vascularity, centrilobular 
nodules, and expiratory air trapping (Fig. 7.2) [16, 48, 
69, 70]. The most common finding on HRCT of the 
chest is decreased lung attenuation. The decreased 
lung attenuation and bronchial dilatations are more 
frequent and extensive in the lower lobes [69].

Fig. 7.2 Computed tomography of the chest in a patient with 
bronchiolitis obliterans showing diffuse areas of parenchymal 
hypoattenuation, proximal bronchiectasis, and subsegemental 
bronchial dilatation (Reprinted by permission from Afessa et al. 
[53], Copyright 2001 Macmillan Publishers Ltd.)
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Fiberoptic bronchoscopy with bronchoalveolar 
lavage (BAL) is used in BMT recipients with suspected 
BO mainly to exclude infection as the cause of airflow 
obstruction. Because BO involves the respiratory and 
membranous bronchioles and is patchy in distribution, 
transbronchial lung biopsy rarely demonstrates the 
characteristic histological changes and is consequently 
of limited utility. Furthermore, transbronchial lung 
biopsy is contraindicated in the presence of severe air-
ways obstruction or thrombocytopenia. BAL shows 
neutrophilic and/or lymphocytic inflammation, but this 
is a non-specific finding [60, 71].

Video-assisted thoracoscopic lung biopsy is 
required to make a definitive histologic diagnosis. 
Lung biopsies show small airway involvement with 
fibrinous obliteration of the lumen with or without 
associated interstitial pneumonia, fibrosis, or diffuse 
alveolar damage (Fig. 7.3) [48, 55, 72–74]. Necrotizing 
bronchitis and bronchiolitis have been reported [72]. 
The inflammatory cellular infiltrates are usually peri-
bronchiolar and consist of neutrophils and lympho-
cytes in varying proportions [75]. Surgical biopsies are 
rarely indicated since the diagnosis usually can be 
made on clinical grounds. The diagnostic criteria for 
BO in BMT recipients have not been clearly defined. 
Obstructive airways disease and BO may exist as dis-
tinct clinical entities in BMT recipients. Bronchiolitis 
may occur without airway obstruction [59], and, con-
versely, airflow obstruction can occur for a number of 

reasons other than BO (e.g., asthma, pre-existent 
chronic obstructive pulmonary disease, viral bronchi-
olitis). BO is usually established by the presence of 
irreversible airflow obstruction and the exclusion of 
other causes of this functional abnormality. BO should 
be suspected in allogeneic BMT recipients, particu-
larly those with chronic GVHD, who present with 
chronic cough, wheezing, dyspnea, or hypoxemia with 
a normal chest radiograph and no evidence of respira-
tory infection [53, 59]. Similarly, the diagnosis should 
be considered in asymptomatic patients with new onset 
of airflow obstruction on screening spirometry. Other 
chronic diseases such as pulmonary veno-occlusive 
disease and early diffuse interstitial disease can pres-
ent with similar signs and symptoms. However, pul-
monary veno-occlusive disease is rare and unlikely to 
show airflow obstruction. Interstitial lung disease is 
typically associated with a restrictive defect on pulmo-
nary function testing and parenchymal abnormalities 
on HRCT of the chest.

7.5.4  Treatment

The treatment of BO in the BMT recipient is empiric, 
and typically consists of corticosteroids and augmented 
immunosuppression, targeting chronic GVHD. 
However, only a minority of the patients shows clinical 

Fig. 7.3 Lung pathology in 
bronchiolitis obliterans 
showing bronchiolar 
inflammation and luminal 
obliteration associated with 
excess fibrous connective 
tissue. Alveoli and their ducts 
are spared. (Hematoxylin and 
eosin and Verhoeff-Van 
Gieson elastic tissue stain.) 
(Reprinted by permission 
from Afessa et al. [53], 
Copyright 2001 Macmillan 
Publishers Ltd.)
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improvement in response to treatment [52, 53]. 
Prednisone in a range of 1–1.5 mg kg−1 day−1 is typi-
cally given for 4–6 weeks [59]. If the respiratory status 
remains stable, corticosteroid therapy is tapered and 
discontinued over 6–12 months. If no improvement is 
noted within 1 month, or if deterioration continues, 
cyclosporin or azathioprine can be added [59]. 
Antithymocyte globulin and high-dose intravenous 
methylprednisolone have also been used with mixed 
results [52]. There is a case report of an allogeneic 
BMT recipient with BO whose pulmonary status 
improved following treatment with Imatinib mesylate, 
a specific tyrosine kinase inhibitor with antifibrino-
genic properties [76].

Macrolide antibiotics are known to have anti-
inflammatory properties, and have been shown to 
improve symptoms, lung function, and mortality in 
patients with panbronchiolitis [77–83]. Additionally, 
there are recent reports of improved lung function in 
lung transplant recipients with bronchiolitis obliter-
ans syndrome who received macrolide therapy  
[84, 85]. Currently, there is only one published study 
examining the effects of macrolides in BMT recipi-
ents with BO. Khalid and colleagues reported on eight 
BMT recipients with BO who were given azithromy-
cin at an initial dose of 500 mg daily for 3 days fol-
lowed by 250 mg three times weekly [86]. All patients 
demonstrated improvement in spirometric parame-
ters, with a mean improvement in FEV1 of 20.6% 
(range 7.3–42.9%). This preliminary evidence, cou-
pled with the lack of significant adverse effects, makes 
macrolide therapy an attractive therapeutic option, 
but validation with a prospective, randomized trial is 
necessary before this approach can be strongly 
endorsed.

Although there are case reports suggesting benefi-
cial response to thalidomide in BMT recipients with 
BO, a recent study showed no benefit [52, 87, 88]. 
While hypogammaglobulinemia has been described as 
a risk factor for chronic GVHD, prophylaxis with 
intravenous immunoglobulin has not been shown to 
prevent BO [89]. Cyclosporin may play a protective 
role against BO, but its role in established BO is 
unproven [90]. A randomized clinical trial showed 
inhaled corticosteroids to be ineffective in lung trans-
plant recipients with bronchiolitis obliterans syndrome, 
and there is no reason to suspect that this intervention 
would be any more efficacious when applied to post-
BMT BO [91].

In addition to immunosuppression and anti-inflam-
matory therapy, adjunctive treatments are important 
in the management of BMT recipients with BO. 
Prophylaxis for Pneumocystis jiroveccii pneumonia 
and Streptococcus pneumoniae should be maintained. 
Since bacterial infections, especially sinusitis, are 
common in patients with BO, they should be treated 
aggressively. Bronchodilator therapy is recom-
mended, although only a minority of patients responds 
[56, 63, 72].

In selected BMT recipients with respiratory failure 
secondary to BO who were deemed to be cured of the 
underlying malignancy for which BMT was performed, 
lung transplantation is an option [45, 92–95].

7.5.5  Clinical Course

Serial pulmonary function tests in allogeneic BMT 
recipients with BO have shown that the rate of decline 
in FEV1 is widely variable [56]. Deterioration in FEV1 
correlates with increased mortality rate [56]. The 
FEV1 improves in only 8–20% [55, 59, 67, 70]. The 
reported case fatality rates vary widely, ranging from 
14% to 100%, with an average case fatality rate of 59% 
[96]. In one study published 2 decades ago, the 3-year 
mortality rate of 35 allogeneic BMT recipients with 
GVHD and obstructive airway disease was 65% com-
pared to 44% for those with GVHD without obstruc-
tive airway disease [56]. In a more recent study, the 
5-year survival rate of 47 BMT recipients with BO was 
10% compared to 40% for those without BO, high-
lighting the lack of progress in the management of BO 
over the last 2 decades [52].

7.6  Bronchiolitis Obliterans Organizing 
Pneumonia (BOOP)

7.6.1  Incidence and Pathogenesis

BOOP is an uncommon lung disease characterized by 
the presence of granulation tissue within the terminal 
and respiratory bronchioles, the alveolar ducts, and 
alveoli. It was first described as a distinct clinical entity 
in 1985 [97]. BOOP can be either idiopathic or 
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associated with other conditions such as infections, 
drugs, radiation, or connective tissue diseases [98]. 
The first cases of BOOP in BMT recipients were 
reported in the early 1990s [99, 100].

BOOP is not as common as BO in BMT recipients. 
In a report of 296 patients with BOOP from 63 publi-
cations, BMT recipients accounted for four (1.4%) 
[101]. At Vancouver General Hospital, 5 of the 25 
(20%) patients identified as having BOOP over an 
8-year period were allogeneic BMT recipients [101]. 
At the author’s institution, the incidence of BOOP was 
1.7% among 179 allogeneic BMT recipients who sur-
vived for 3 months or longer [70]. The published medi-
cal literature on BOOP in BMT recipients is limited to 
case reports, with a maximum number of five patients 
[45, 70, 99–107].

Idiopathic BOOP is an inflammatory lung disease 
of unknown etiology [98]. Its occurrence almost 
exclusively in allogeneic recipients with GVHD sug-
gests that it may represent a form of alloimmune injury 
to the lung by the transplanted stem cell [101]. BOOP 
is uncommon in BMT recipients treated with T-cell 
lymphocyte-depleted stem cells, highlighting the role 
T-cell lymphocytes may play in its pathogenesis [57, 
108]. The higher frequency of human leukocyte anti-
gen (HLA) B35 in BMT recipients with BOOP, com-
pared to those without BOOP, suggests HLA B35 may 
play a role in its pathogenesis [109]. The exhaled 
nitric oxide level is increased in allogeneic BMT 
recipients with BOOP [104]. The rare occurrence of 
BOOP in autologous recipients suggests that other 
mechanisms may be involved as well [102]. A case 
report of BOOP associated with human herpes virus-6 
in a BMT recipient suggests unrecognized infections 
may play role [110].

7.6.2  Clinical Presentation 
and Diagnostic Evaluation

The onset of BOOP is usually 1 month to 2 years after 
transplant [70, 99–101, 103–107, 111]. The presenting 
symptoms of BOOP include dry cough, dyspnea, and 
fever. Rarely, the disease may be asymptomatic [70]. 
Physical examination may reveal inspiratory crackles.

BOOP should be included in the differential diag-
nosis of airspace disease in BMT recipients not 
responding to antibiotics. Although the airspace 

disease is usually bilateral, it can be unilateral [102]. 
Pulmonary function tests usually show a restrictive 
defect, decreased DLCO, and normal flow rates [99, 
101, 104, 112]. Arterial blood gas analysis may reveal 
mild hypoxemia [101]. Chest radiographs and com-
puted tomography show patchy air space consolida-
tion, ground-glass attenuation, and nodular opacities 
[99–101, 104, 113, 114]. The radiographic abnormali-
ties usually have a peripheral distribution [115]. One 
recent study demonstrated increased exhaled nitric 
oxide concentration in BMT recipients with BOOP 
that decreases with response to treatment [104].

Although pulmonary function test and CT scan 
findings in conjunction with the clinical features may 
suggest the diagnosis, confirmation requires either sur-
gical or transbronchial lung biopsy. Although the diag-
nosis of BOOP in the BMT recipient occasionally can 
be made with transbronchial lung biopsy in the appro-
priate clinical setting, about 85% of the patients require 
surgical lung biopsy [101]. Histologic confirmation of 
the diagnosis is particularly warranted before the 
patient is subjected to long-term corticosteroid therapy. 
Surgical lung biopsy, usually via video-assisted thora-
coscopy, is considered the gold standard for the diag-
nosis of BOOP. The histologic hallmark of BOOP is 
the presence of patchy intraluminal fibrosis, consisting 
of polypoid plugs of immature fibroblast tissue resem-
bling granulation tissue obliterating the distal airways, 
alveolar ducts, and peribronchial alveolar space 
(Fig. 7.4) [47].

Fig. 7.4 Lung pathology in bronchiolitis obliterans organizing 
pneumonia showing the presence of intraluminal granulation tis-
sue in bronchioli, alveolar ducts, and alveoli. There is also inter-
stitial infiltration with mononuclear cells and foamy macrophages. 
(Hematoxylin and eosin stain.) (Reprinted by permission from 
Afessa et al. [53], Copyright 2001 Macmillan Publishers Ltd.)
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7.6.3  Treatment and Prognosis

Corticosteroid therapy is the treatment of choice for 
symptomatic patients with BOOP [70, 98–101, 104]. 
About 80% of BMT recipients with BOOP respond 
favorably to treatment [70, 99–101, 103–106, 111]. The 
duration and dosage of corticosteroid therapy in the 
BMT recipient with BOOP have not been clearly defined. 
Based on the experience from other patients, the initial 
dose of prednisone is in the range of 0.75–1.5 mg kg−1 
day−1 to a maximum daily dose of 100 mg, administered 
for 1–3 months, then 40 mg/day for 3 months, and then 
10–20 mg/day or every other day for a total of 1 year [98, 
116]. Radiographic abnormalities usually clear within 
1–3 months of initiating corticosteroid therapy [100, 
101, 104, 105]. Erythromycin 10 mg kg−1 day−1 for 14 
months has been used in conjunction with corticosteroid 
to treat BOOP in one allogeneic BMT recipient [103].

The case fatality rate of treated BOOP is 7.9% in 
the general population, but appears to be higher in 
BMT recipients [101]. Among 27 BMT recipients with 
BOOP documented in the literature, the overall case 
fatality rate was 19% [45, 70, 99–107, 111].

7.7  Idiopathic Pneumonia  
Syndrome (IPS)

7.7.1  Epidemiology

IPS is characterized by clinical features of pneumonia 
and diffuse lung injury in the absence of an identified 
infection. The overall frequency of IPS is 10%, with a 
reported range of 2–17% [53, 117, 118]. Its median 
time of onset is between 21 and 87 days after trans-
plant. Risk factors for IPS include old age, transplant 
for malignancy other than leukemia, pre-transplant 
chemotherapy, total body irradiation, GVHD, and pos-
itive donor cytomegalovirus serology [53].

7.7.2  Clinical Findings 
and Diagnostic Evaluation

IPS is defined by the presence of widespread alveo- 
lar injury in the absence of lower respiratory tract 

infection characterized by the presence of acute, 
bilateral pulmonary infiltrates, associated symp-
toms of cough and dyspnea, hypoxemia, and restric-
tive physiology, in the absence of infection or heart 
failure [119]. The pathogenesis is not well defined 
[120–122]. Lung tissue injury, inflammation, and 
cytokine release are implicated. The clinical spec-
trum of IPS is broad, ranging from acute respiratory 
failure to incidental radiographic abnormalities 
[119]. The usual presentations include dyspnea, dry 
cough, hypoxemia, and non-lobar infiltrates [119]. 
Because IPS mimics infectious pneumonia, the 
majority of the patients are on antibiotics at the time 
of diagnosis [123]. Infection is excluded by the 
absence of a pathogen in BAL fluid and by the lack 
of clinical response to antimicrobial therapy. Diffuse 
alveolar hemorrhage (DAH) and peri-engraftment 
respiratory syndrome (PERDS) also fulfill the diag-
nostic criteria of IPS [124, 125]. Despite overlap in 
the clinical features of IPS, DAH, and PERDS, their 
responses to treatment and clinical courses are dif-
ferent [124]. In my diagnostic approach to patients 
with suspected IPS, I perform BAL and, if there are 
no contraindications, transbronchial lung biopsy. 
We proceed to video-assisted thoracoscopic lung 
biopsy if transbronchial lung biopsy is contraindi-
cated or if the transbronchial specimen is inade-
quate. Lung biopsies of patients with IPS may show 
diffuse alveolar damage, organizing or acute pneu-
monia, and interstitial lymphocytic inflammation 
[6, 123].

7.7.3  Treatment

There have been no randomized clinical trials 
addressing the treatment of IPS. Despite case 
reports of patients with IPS responding to treatment 
with corticosteroids, studies with larger sample 
sizes have not shown any outcome benefit [6, 123, 
126]. Currently, management consists of supportive 
care and prevention and treatment of infection. 
There is a report of three cases of BMT recipients 
with IPS whose lung function improved following 
the administration of etanercept [122]. This obser-
vation awaits further confirmation by an ongoing 
clinical trial.
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7.7.4  Clinical Course and Prognosis

The clinical course of BMT recipients with IPS is usu-
ally complicated by viral and fungal infections as well 
as pneumothorax, pneumomediastinum, subcutaneous 
emphysema, pulmonary fibrosis, and auto-immune 
polyserositis [53]. The overall mortality of IPS is 74%, 
with a reported range between 60% and 86% [53]. The 
1-year survival rate is less than 15% [123, 126]. For 
those who require mechanical ventilation, the hospital 
mortality exceeds 95% [123].

7.8  Diffuse Alveolar Hemorrhage (DAH)

DAH is discussed in Chap. 3.

7.9  Periengraftment Respiratory 
Distress Syndrome (PERDS)

7.9.1  Epidemiology

PERDS occurs in approximately 5% of autologous 
BMT recipients [125]. About one-third of DAH occurs 
during the peri-engraftment period, and about one-
third of patients with PERDS have DAH [125, 127].

7.9.2  Clinical Findings 
and Diagnostic Evaluation

PERDS is a subset of IPS characterized by acute lung 
injury during the neutrophil peri-engraftment period. It 
represents the pulmonary component of the engraft-
ment syndrome, which may also present with diarrhea 
and skin rash [125, 128, 129]. The diagnostic criteria 
of PERDS include the presence of fever and evidence 
of pulmonary injury in the form of hypoxia (arterial 
oxygen saturation <90%) and/or pulmonary infiltrates 
on chest radiograph, in the absence of cardiac dysfunc-
tion or infection, within 5 days of neutrophil engraft-
ment [125]. The median time to onset of PERDS is 11 
days (range, 4–25 days) after transplant [125].

BAL in patients with PERDS may show neutro-
philic alveolitis [125]. Transbronchial lung biopsy is 

usually contraindicated because of thrombocytopenia. 
Surgical lung biopsy is rarely necessary, but may show 
diffuse alveolar damage [125].

7.9.3  Treatment and Prognosis

High-dose corticosteroid therapy often leads to rapid 
clinical improvement [125]. Unlike DAH and IPS, 
only about one-third of BMT recipients with PERDS 
require ICU admission and mechanical ventilation 
[125]. The reported mortality rate of PERDS is about 
26% [125].

7.10  Delayed Pulmonary Toxicity 
Syndrome (DPTS)

Chemotherapeutic agents and radiation therapy have 
been associated with pulmonary toxicities that man-
ifest weeks to years later [130, 131]. In the 1990s, 
many patients with breast cancer were treated with 
a high-dose chemotherapy regimen consisting of 
cyclophosphamide, cisplatin, and bischloroethylini-
trosurea (BCNU), followed by autologous BMT 
[132]. Following transplant, a significant number of 
these patients developed pulmonary complications, 
one of the more common referred to as the delayed 
pulmonary toxicity syndrome (DPTS) [118, 133–
139]. DPTS develops in up to 72% of autologous 
BMT recipients who have received high-dose che-
motherapy for breast cancer [134, 135, 140]. The 
relatively high frequency, low mortality, and good 
response to corticosteroid treatment distinguish 
DPTS from IPS [134, 138, 139, 141]. Because 
recent studies have not shown a survival benefit, 
the use of autologous BMT following high-dose 
 chemotherapy for breast cancer has declined 
[142, 143].

The pathogenesis of DPTS is not known. The 
depletion of reduced glutathione and impaired anti-
oxidant defenses caused by cyclophosphamide and 
BCNU have been implicated [138]. One study showed 
no significant correlation between patient age, stage 
of breast cancer, chemotherapy regimen, chest wall 
radiotherapy, tobacco use, prior lung disease, or 
 baseline pulmonary function and the development of 
DPTS [140].
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7.10.1  Clinical Findings 
and Diagnostic Evaluation

Patients with DPTS present with cough, dyspnea, 
and fever [135, 139, 140]. The onset of symptoms 
ranges from 2 weeks to 4 months following trans-
plantation [139, 140]. In the context of prior breast 
cancer treated with high-dose chemotherapy and 
autologous BMT, DPTS is diagnosed by demonstra-
tion of a decline in DLCO and exclusion of infectious 
causes [139, 140]. The DLCO declines in over 70% 
of patients with breast cancer treated with high-dose 
chemotherapy and autologous BMT [136]. In patients 
with DPTS, the median absolute DLCO decrement is 
26% (range, 10–73%), and a nadir is reached in 
15–18 weeks following transplant [139, 140]. The 
most common findings on CT of the chest are ground-
glass opacities [139]. Other abnormalities include 
linear or nodular opacities and consolidation. Many 
patients may have a normal chest CT at the onset of 
DPTS [139]. Because of the typical clinical presenta-
tion and response to therapy, invasive procedures 
such as bronchoscopy are rarely required [134, 135, 
139, 140].

7.10.2  Treatment and Prognosis

Corticosteroid therapy for DPTS usually results in 
resolution of symptoms and improvement in DLCO 
without long-term pulmonary sequelae [135, 139, 
140]. Treatment usually consists of prednisone initi-
ated at a dose of 60 mg/day for 14 days and subse-
quently tapered over 5–7 weeks [134]. While patients 
are being treated with steroids, they should also 
receive oral trimethoprim-sulfamethoxazole or aero-
solized pentamidine prophylaxis against Pneumocystis 
jiroveccii pneumonia [134, 140]. One case of DPTS 
refractory to steroid was treated successfully with 
interferon-gamma [144]. A study using prophylactic 
inhaled fluticasone propionate 880 mg every 12 h for 
12 weeks starting from the day of high-dose chemo-
therapy demonstrated a reduction in the frequency of 
DPTS to 35% compared to 73% in historical controls 
[145].

No deaths attributable to DPTS have been reported 
[134, 135, 139, 140]. The 3-year survival of stage II 
and III breast cancer patients who developed DPTS is 
84%, which is not significantly different from those of 
patients who did not develop DPTS [140].

7.11  Pulmonary Cytolytic Thrombi (PCT)

Pulmonary cytolytic thrombi (PCT) is a non-infectious 
pulmonary complication of unknown etiology. Among 
BMT recipients, PCT occurs exclusively after alloge-
neic procedures, typically in the setting of GVHD. 
PCT has also been described at autopsy in a non-trans-
plant patient who died following hip replacement sur-
gery [146]. All except 1 of the 16 BMT recipients with 
PCT reported in the medical literature are from a sin-
gle institution [147, 148]. Fifteen of the 16 patients 
were under age 18 years at the time of diagnosis [147, 
148]. Despite the seemingly rare and previously unrec-
ognized nature of PCT, it was found in 15 of 33 (45%) 
BMT recipients who underwent surgical lung biopsy 
for diagnosis of pulmonary nodules at the University 
of Minnesota [147].

7.11.1  Pathogenesis

The pathogenesis of PCT is not known. Although the 
hemorrhagic infarcts in PCT are similar to those seen 
in angioinvasive fungal infections, none of the lung 
biopsies in the reported PCT cases had evidence of 
infection [147, 148]. The development of PCT exclu-
sively in allogeneic BMT, and chiefly in those with 
GVHD, suggests that it may be a manifestation of 
GVHD targeting the endothelium of the lungs [147]. 
Demonstration of clinical and radiological improve-
ment following increased immunosuppression also 
favors GVHD as the underlying pathogenic mecha-
nism [147, 148].

7.11.2  Clinical Findings 
and Diagnostic Evaluation

Most BMT recipients with PCT have active GVHD at 
the time of presentation [148–150]. The onset of PCT 
is between 8 and 343 days (median 72) after transplan-
tation [148–150]. All patients are febrile, and some 
have cough at presentation [148–150]. Dyspnea has 
not been reported at presentation.

Chest radiographs, usually performed as part of the 
evaluation of persistent fever, may be normal in 25% 
of the patients with PCT [150]. Abnormal chest radio-
graphic findings include nodules, interstitial promi-
nence, and atelectasis [150]. Chest CT shows multiple 
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peripheral pulmonary nodules, ranging from a few 
millimeters to 4 cm in size. In one study, pleural effu-
sion was reported in 1 of 13 patients who had under-
gone chest CT examination [150].

Bronchoscopy with bronchoalveolar lavage is used 
to exclude infection. Because of the peripheral and 
intravascular location of the nodules in PCT, trans-
bronchial lung biopsy is unlikely to yield a diagnosis. 
Histological demonstration of PCT requires surgical 
lung biopsy or necropsy [148, 150]. The histologic 
features of PCT include occlusive vascular lesions and 
hemorrhagic infarcts due to thrombi that consist of 
intensely basophilic, amorphous material that may 
extend into the adjacent tissue through the vascular 
wall [147]. The amorphous material suggests cellular 
breakdown products [149]. Immunohistochemical 
studies show a discontinuous endothelial cell layer.

7.11.3  Treatment and Prognosis

Because of the unclear etiology of PCT and concerns 
about an infectious cause of lung nodules, patients have 
been treated with broad-spectrum antibiotics, antifun-
gals, and systemic corticosteroids [150]. In one recent 
case report, treatment with intravenous methylpredni-
solone 2 mg kg−1 day−1 and cyclosporin 3 mg/kg three 
times daily for 1 week followed by oral prednisone 30 
mg/day and 125 mg cyclosporin twice daily resulted in 
improvement [148]. Although it is unclear which of 
these various interventions is actually beneficial, most 
of the patients with PCT described in the literature 
improved clinically within 1–2 weeks and radiographi-
cally over weeks to months [150]. There has been no 
reported death attributed to PCT [147, 148]. Of the 15 
BMT recipients with PCT reported from the University 
of Minnesota, 10 were still alive at an average of 13 
months after diagnosis and 5 died, 1 from GVHD and 4 
from infectious complications [147]. The one patient 
reported from Mayo Clinic died of progressive pulmo-
nary hypertension 4 months after the diagnosis of PCT, 
with no evidence of PCT at autopsy [148].

7.12  Pulmonary Veno-Occlusive 
Disease (PVOD)

PVOD is a rare cause of pulmonary hypertension that 
has been associated with various conditions including 
BMT. Pulmonary hypertension in PVOD results from 

intimal fibrosis obstructing the pulmonary veins and 
venules.

The incidence of PVOD in BMT recipients is not 
known. Wingard et al. reported PVOD in 19 of 154 
autopsies of allogeneic BMT recipients (12%) [151]. 
However, in a recent autopsy review of 71 adult BMT 
recipients from the Mayo Clinic (39 allogeneic), we 
did not identify any case of PVOD [152]. PVOD affects 
both genders. There are about 28 cases of BMT recipi-
ents with PVOD in the published literature [148, 151, 
153–159]. The predominant underlying disease in 
BMT recipients with PVOD is hematologic malig-
nancy. However, PVOD has been found following 
BMT for neuroblastoma and aplastic anemia [148, 
157]. Only 2 of the 28 BMT recipients with PVOD had 
autologous grafts [155, 157]. The frequency of PVOD 
is particularly high in allogeneic BMT recipients who 
have concurrent interstitial pneumonia and hepatic 
veno-occlusive disease [151]. PVOD has been reported 
at autopsy following resolution of PCT [148].

7.12.1  Pathogenesis

Since the reported cases of BMT recipients with PVOD 
are limited in scope and number, its etiology is not 
well defined. Infection, radiation, and chemotherapy 
are hypothesized to be contributing factors for the 
development of PVOD [153–155, 157, 160–162]. 
BCNU, mitomycin C, and bleomycin are among the 
chemotherapeutic agents implicated as potential causes 
of vascular injury [160, 162–165].

7.12.2  Clinical Findings 
and Diagnostic Evaluation

Presenting symptoms are non-specific and include 
dyspnea, lethargy, and chronic cough [162]. As the 
pulmonary hypertension worsens, orthopnea, cyano-
sis, chest pain, abdominal pain due to hepatic conges-
tion, and exertional syncope may be noted. Physical 
examination is also nonspecific and may reveal bibasi-
lar crackles and inspiratory squeaks on auscultation of 
the lungs and findings indicative of pulmonary hyper-
tension including right ventricular heave, loud pul-
monic heart sound, lower extremity edema, and 
elevated jugular venous pressure [159].

Radiographic findings include Kerley B lines, 
prominent central pulmonary arteries, and scattered 
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patchy opacities [159, 162]. Unlike other forms of pri-
mary pulmonary hypertension, pleural effusions are 
common in PVOD [162]. Echocardiogram and right 
heart catheterization show elevated pulmonary artery 
pressure. Pulmonary arteriogram may show delayed 
runoff and venous filling without arterial filling defects 
[159]. PFT demonstrates a decreased DLCO and 
restrictive ventilatory defect [159, 162, 166].

The triad of pulmonary arterial hypertension, 
radiographic evidence of pulmonary edema, and nor-
mal pulmonary artery occlusion pressure suggests 
PVOD. However, many patients with PVOD do not 
have this triad, and it is often difficult to get an accu-
rate pulmonary artery occlusion pressure tracing in 
these patients [162].

The diagnosis cannot be made by bronchoscopy, 
although the findings of hemosiderosis and sclerosed 
venules in transbronchial lung biopsies suggest PVOD 
[158]. The definitive diagnosis of PVOD requires sur-
gical lung biopsy. In the absence of this, most cases are 
diagnosed at postmortem examination [151, 157]. The 
pathologic hallmark of PVOD is the extensive and dif-
fuse occlusion of pulmonary veins and venules by 
fibrous tissue [151, 162, 167].

7.12.3  Treatment and Prognosis

There is no proven therapy for PVOD. Because obser-
vational trials involving patients with primary pulmo-
nary hypertension have suggested improved survival 
in those treated with anticoagulation, some advocate 
treating PVOD with long-term warfarin [162]. There 
are case reports suggesting that steroids may be bene-
ficial in BMT recipients with PVOD [153, 159]. 
However, the data supporting the use of steroid ther-
apy and anticoagulation are limited to case reports 
[153, 159]. In one report of two BMT recipients with 
PVOD, methylprednisolone 2 mg/kg daily resulted in 
improvement of arterial oxygenation and dyspnea 
within 1–2 weeks [153]. In one of these two patients, 
discontinuation of steroid therapy led to recurrent dis-
ease that responded to additional treatment [153]. On 
the other hand, there are reports of BMT recipients 
with PVOD who deteriorated and died despite treat-
ment with steroid therapy [155]. The role of vasodila-
tors in PVOD is unclear. Despite case reports of 
successful therapy with oral vasodilators or intrave-
nous administration of prostacyclin in PVOD, these 
agents can dilate the arterial vessels without concomi-
tant venodilation, leading to increased transcapillary 

hydrostatic pressures, acute pulmonary edema, and 
death [162, 168].

Lung transplantation is a consideration in patients 
free of other comorbidities, including the underlying 
condition for which BMT was performed, but there is 
currently no published experience on outcomes of lung 
transplantation in this unique setting [161, 162]. In 
light of the limited treatment options and the generally 
progressive nature of the disease, it is not surprising 
that most patients with PVOD die within 2 years of 
diagnosis [162].

7.13  Other Pulmonary Complications

7.13.1  Pulmonary Arterial Hypertension

Several cases of pulmonary arterial hypertension 
have been reported in BMT recipients [156, 169–
171]. The pathogenesis is not clearly defined. Normal 
pulmonary endothelium releases vasodilators, such 
as prostacyclin and endothelial-derived relaxing 
 factors. Radiation- and chemotherapy-associated 
endothelial damage may be the mechanism for the 
development of the pulmonary hypertension [156, 
169–171]. Prostacyclin infusion and calcium channel 
antagonists have been used for the treatment of pul-
monary arterial hypertension in BMT recipients 
[169–171].

7.13.2  Pulmonary Alveolar Proteinosis

Pulmonary alveolar proteinosis is characterized by 
excessive accumulation of surfactant lipoprotein in the 
alveoli leading to abnormal gas exchange [172]. The 
diagnosis of pulmonary alveolar proteinosis is made 
by the presence of periodic acid Schiff proteineceaous 
material in bronchoalveolar fluid [173]. Cordonnier 
et al. described three BMT recipients with pulmonary 
alveolar proteinosis [173]. All three had received allo-
geneic transplant for leukemia between 12 and 90 days 
before the onset of pulmonary symptoms. Chest radio-
graphs showed diffuse infiltrates. The clinicians had 
suspected infection in two and alveolar hemorrhage in 
one. Only one of the three survived. A very didactical 
case of pulmonary alveolar proteinosis is depicted in 
this book by Drs. Vincent and Tandjaoui (see Pearl’s 
section).
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7.13.3  Chronic Eosinophilic Pneumonia

Three cases of chronic eosinophilic pneumonia have 
been reported in BMT recipients, one autologous 
and two allogeneic [174–176]. Despite initial 
response to steroid therapy, one patient had a fatal 
course [174].
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8.1  Introduction

A growing body of evidence supports the efficacy of 
umbilical cord blood as a donor source for hematopoi-
etic stem cell transplantation, and the number of cord 
blood transplants (CBTs) is increasing [1]. Among 
pediatric patients, data suggest that outcomes follow-
ing CBT are comparable to outcomes following unre-
lated donor transplants and that outcomes following 
well-matched CBT may be superior to outcomes fol-
lowing matched unrelated donor transplants. For adult 
patients, data continue to accumulate demonstrating 
outcomes similar to unrelated donor transplants, but 
early transplant-related mortality (TRM) due to 
delayed engraftment, increased graft failures, and 
infectious complications remains an important chal-
lenge. Broadly speaking, CBT patients can be expected 
to have similar pulmonary complications as non-CBT 
patients, and there is no significant literature des-
cribing distinct patterns of pulmonary complications 
 following CBT. Given the unique immunologic char-
acteristics of cord blood, however, larger studies may 
demonstrate unique pulmonary complications follow-
ing CBT, and several pulmonary issues specifically 
related to CBT are worthy of consideration. In this 
brief report, we highlight complications that have 
been reported or that are based on our experience in 
recipients of CBT.

8.2  Infusional Toxicities

Unlike matched sibling and unrelated donor trans-
plants, where stem cell products are typically infused 
fresh, cord blood units are processed, frozen, and 
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stored for subsequent use. Cord blood banks use a 
variety of strategies to process units for storage, rang-
ing from plasma depletion only to intensive red cell 
depletion. Transplant centers use a variety of tech-
niques to process frozen units prior to infusion, rang-
ing from bedside thaw and infusion to albumin dilution 
and infusion to wash and infusion. In the United States, 
the National Marrow Donor Program (NMDP) has 
recently issued a warning describing four cases of seri-
ous adverse events involving heart failure and acute 
pulmonary edema following the use of plasma-
depleted, red blood cell-replete units that were not 
washed prior to infusion. Based on these findings, the 
NMDP recommends washing of cord blood units, par-
ticularly red blood cell-replete units, prior to infusion. 
Physicians should be aware of this potential pulmo-
nary/cardiovascular complication [2]. Larger studies 
will better characterize the incidence and pathophysi-
ology underlying this phenomenon.

8.3  Preengraftment Syndrome

Following CBT, “preengraftment” syndrome has been 
reported to occur at an increased frequency as com-
pared to related or unrelated donor transplant. The 
syndrome is being increasingly well characterized. It 
develops before or at the time of engraftment, and its 
clinical manifestations include high fever in the 
absence of infection as well as diffuse erythematous 
skin rash resembling acute graft-versus-host disease 
(aGVHD) and may include fluid retention. Those 
patients who experience fluid retention may develop 
pulmonary infilitrates. The syndrome frequently 
responds to a brief burst of steroids (common dosing 
3 days of 1 mg/kg methylpredinsolone) and appears 
to be distinct from early onset acute GVHD. Some 
data suggest, however, the preengraftment syndrome 
may be predictive of the subsequent development of 
GVHD [3].

8.4  Infections

Infectious complications, including pulmonary infec-
tions, are a significant concern following CBT [4, 5]. 
Delayed neutrophil engraftment exposes patients to 

prolonged vulnerability to bacterial and fungal infec-
tions [5]. Several series have reported high rates of 
early TRM following CBT, and pulmonary infections 
account for a portion of these early events. Delayed 
T-cell reconstitution following CBT raises concerns 
about prolonged and increased risk for viral infec-
tions [6], including respiratory infections [7, 8]. No 
large studies, however, have quantified the incidence 
of respiratory viral infections following CBT. 
Pulmonary physicians should have a high suspicion 
for infectious etiologies of pulmonary symptoms 
 following CBT.

8.5  Pulmonary Immune Reactions

In numerous studies, cord blood is associated with a 
lower incidence of chronic GVHD than transplant with 
unrelated donors. It is reasonable to speculate, there-
fore, that CBT may be associated with lower  incidences 
of pulmonary transplant complications attributed to 
immune reactions between the donor and host [9]. The 
incidences of bronchiolitis obliterans (BO) and bron-
chiolitis obliterans organizing pneumonia (BOOP) 
may be lower following CBT [10, 11], but no studies 
to date have examined this outcome.

In conclusion, although there is no sound evidence 
of increased incidence of respiratory events in recipi-
ents of CBTs, clinicians must be aware of some 
infectious or noninfectious conditions that may occur 
in CBT patients. Given the unique immunologic 
characteristics of cord blood, several pulmonary 
issues  specifically related to CBT (infusional toxic-
ity, preengraftment syndrome, pulmonary infections, 
and  pulmonary immune reactions) are worthy of 
consideration.
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9.1  Introduction

As treatment for cancer has modernized and the number 
of anticancer drugs has multiplied, survival of cancer 
patients beyond their initial disease has improved dra-
matically. Perversely, the same agents that bring about a 
“cure” for cancer can also lead to devastating cardiovas-
cular side effects, including cardiomyopathy, myocardial 
infarction, thromboembolism, hypertension, arrhyth-
mias, and QT prolongation. In fact, cancer survivors are 
in many cases more likely to develop cardiovascular dis-
ease than experience a recurrence of their malignancy.

Cardiovascular toxicities not only increase morbid-
ity and mortality for these patients, but also impair the 
ability of clinicians to manage a patient’s anticancer 
regimen with maximal efficiency. This chapter provides 
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Table 9.1 Cardiotoxic drugs by disease presentation

Thromboembolism

Alemtuzumab Rare [101, 196] Controversial; events observed in some studies but not 
others

Cisplatin Up to 12.9% [119, 120] Includes DVT, PE, arterial thromboses, CVA, and angina 
pectoris; high risk of grade 4 or 5 events

Irinotecan Up to 20% [131] Both venous and arterial thromboembolic events

Oxaliplatin 1–2% [5] Increased incidence (8%) when combined with capecitabine

Estramustine Up to 10% [54] Includes coronary ischemia, cerebrovascular ischemia, PE, 
and venous thromboembolism

Tamoxifen 1.2% [156, 197] Includes DVT and PE

Thalidomide 12–20% [95, 167] Includes lower extremity DVT and PE most commonly, but 
rarely stroke, unstable angina, and cerebral venous sinus 
thrombosis reported

Denileukin diftitox 11% [194] Results from vascular leak syndrome

Bevacizumab 2–11% [5, 96, 97] mostly arterial thromboembolism; includes CVA, angina, 
sudden death, and other manifestations

Hypertension

Sunitinib 17–47% [86, 198] Any grade 47%, grade 3 or higher 17%

Sorafenib “Common” [91] Mechanistically similar to sunitinib, so incidence is likely 
similar

Bevacizumab 8–18% [96] Grade 3 or higher hypertension 8–18%

Cardiomyopathy

Drug Incidence Notes

Anthracyclines (chronic) 4–26% [3, 6] Symptomatic dilated cardiomyopathy or heart failure; 
irreversible

Mitoxantrone (chronic) 2.6% [54, 55] Symptomatic heart failure; irreversible

Trastuzumab 1–10% [26, 63–65] LV dysfunction in up to 10%, heart failure in 1–4%; 
reversible

Lapatinib 0.2–2% [66, 72] LV dysfunction in 2%, symptomatic heart failure in 0.2%; 
reversible

Imatinib 1.7–4% [191, 192] Symptomatic heart failure

Sunitinib 11–19% [86, 87] LV dysfunction in 19%, grade 3 dysfunction or clinical heart 
failure in 7%

Cyclophosphamide 10–28% [110, 193] Typically acute onset within 1–10 days of first dose

Mitomycin Rare [54, 194]

Interferon a Unknown [88] Dilated cardiomyopathy; incidence suspected to be 
underreported due to similar symptoms with other 
complications

Gemcitabine 1.8% [136] Cardiac dysfunction with decline in LVEF

Bortezomib Up to 10% [163, 195] Mostly based on case reports and one study that found a 
10% incidence of heart failure serious enough to cause 
hospitalization

All-trans retinoic acid 17% [194] Described as “substantial decline” in LVEF, symptomatic of 
“retinoic acid syndrome”



899 Cardiovascular Complications of Cancer Therapeutics

Table 9.1 (continued)

(continued)

Hypertension

Drug Incidence Notes

Vinorelbine Rare [145] Based on case reports

Docetaxel Unknown [5] Can cause either hypo- or hypertension

QT prolongation

Dasatinib 1% [78, 199] Grade 3–4 QT prolongation

Nilotinib 3% [77–79] Grade 3–4 QT prolongation

Arsenic trioxide Up to 63% [169–172] Can lead to tachyarrhythmias, torsades de pointes, or sudden 
death

Vorinostat 3.5–6% [194]

Myocardial infarction

Gefitinib Rare [200] Case reports only

Sorafenib 2.9% [92, 93] Acute coronary symptoms including MI

Cisplatin 12.9% [116–118] Ischemic disease; more common in elderly; possibly related 
to thromboembolic disease (see above)

Bleomycin <3% [130] Severe chest pain; rare ischemia or MI in young patients

Etoposide Rare [194, 201] Case reports only; rechallenge worsens cardiac function

Gemcitabine Rare [137, 138] Case reports only

Vinca alkaloids 1% [54, 144, 145]

5-Fluorouracil 4% [106] Myocardial ischemia or infarction, likely due to coronary 
vasospasm

Capecitabine <4% [108] Similar to 5-fluorouracil

Aromatase inhibitors 1–2% [155, 202, 203] Increased incidence relative to tamoxifen, but controversial 
as to whether incidence is increased relative to controls

IL2 More than 1.5% [176] 1.5% treatment-related deaths; MI and ischemia are more 
common

Pentostatin Rare [194] Case reports only; incidence increases when co-treated with 
cyclophosphamide

Methotrexate Rare [54] Case reports only

Arrhythmias

Anthracyclines (acute) Rare [1, 5] Transient ventricular arrhythmias

Mitoxantrone (acute) Rare [54, 55] Transient ventricular arrhythmias

Nilotinib 2% [79]

Alemtuzumab Rare [101, 196] Controversial; events observed in some studies but not in 
others

Rituximab 1–7% [204] Various types of arrhythmias

Gemcitabine 2–3% [136, 139, 140] Case reports of atrial fibrillation; grade 1–4 ventricular 
tachyarrhythmias in 2.3%

5-fluorouracil >2.2% [105] 2.2% suffer cardiac death due to arrhythmias
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Table 9.1 (continued)

an overview of the cardiovascular complications associ-
ated with specific anticancer drugs (see Table 9.1 for a 
list of effects categorized by disease presentation). We 
specifically focus on the drugs most strongly associated 
with cardiotoxicities, and present information on the 
risk factors, incidence, and specific mechanisms of the 
effect on the cardiovascular system.

9.2  Anthracyclines

Anthracyclines are a class of drugs originally isolated 
from microorganisms that are used to treat a wide 
spectrum of cancers. Doxorubicin (also called adri-
amycin) and daunorubicin were the original anthracy-
clines, and are still the most potent antitumor drugs in 
the class [1]. Epirubicin, idarubicin, and others have 
since been developed in attempts to create a better 
anthracycline with more potent antitumor effects and 
less cardiotoxicity. Daunorubicin and idarubicin are 
typically used to treat acute lymphoblastic and myelo-
blastic leukemias, while doxorubicin and epirubicin 
are used to treat a broader spectrum of solid and hema-
tological cancers [2].

The antitumor effects of anthracyclines are medi-
ated by their DNA intercalating effects and inhibition 
of topoisomerase II [3]. The potency of the antitumor 
effect, however, is counterbalanced by a severe dose-

dependent toxic effect causing irreversible cardiomyo-
pathy. However, cardiotoxicity may not be mediated 
through the same mechanisms as antineoplastic effects, 
and appears to be independent of tumor type [4]. There 
are four general categories of cardiotoxicity related to 
anthracyclines: acute (during or immediately after 
treatment), subchronic (within 1–3 days after treat-
ment), early chronic (develops late in the treatment 
course or up to months after completion of treatment), 
and delayed or late-onset (manifests years to decades 
after therapy). Acute cardiotoxicity, which is not dose-
dependent, most frequently manifests as transient 
arrhythmias [5]. In rare cases, however, acute doxoru-
bicin toxicity has been shown to cause acute heart fail-
ure with a decrease in left ventricular ejection fraction 
down to 10%. By contrast, subchronic cardiotoxicity is 
most frequently seen as a pericarditis-myocarditis syn-
drome, and the chronic and late-onset cardiotoxicities 
are usually characterized by dilated cardiomyopathy, 
which results in a decline in systolic or diastolic car-
diac function and eventually congestive heart failure 
[6]. Delayed cardiotoxicity most frequently manifests 
in survivors of childhood cancer and can be particu-
larly brought to the surface by stressors such as 
pregnancy.

Risk factors contributing to the incidence of anthra-
cycline cardiotoxicity include the extremes of age, 
preexisting cardiac disease, female gender, African-
American race, and trisomy 21. Use of certain other 

Arrhythmias

Drug Incidence Notes

Paclitaxel 5% [146, 151] Sinus bradycardia in up to 30%, more serious arrhythmias in 
5%; typically transient

Docetaxel Up to 5% [5] Dysrhythmias or tachycardia

Bortezomib Rare [163, 195] Mostly case reports

Interferon a Up to 20% [54, 168] Supraventricular arrhythmias most common; can be lethal

IL-2 6% [54]

Homoharringtonine Rare [194] Most common presentation is hypotension; arrhythmias are 
rare

Pentostatin Rare [194] Case reports only; incidence increases when co-treated with 
cyclophosphamide

Methotrexate Rare [54, 205] Case reports only, no typical clinical presentation of 
arrhythmia

LV left ventricular, LVEF left ventricular ejection fraction, DVT deep venous thrombosis, PE pulmonary embolism, CVA cerebrovas-
cular accident, MI myocardial infarction
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chemotherapeutic agents or mediastinal radiation 
along with anthracyclines also increases risk [7]. 
These risk factors apply to both acute and all chronic 
types of cardiotoxicity [8]. However, the most signifi-
cant (and in some studies the only independent) 
 predictor of developing anthracycline-induced cardio-
myopathy is cumulative dose. Dosing limits have been 
set for each drug above which the incidence of cardio-
toxicity becomes unacceptably high: for doxorubicin 
dose is limited to 400–450 mg/m2, whereas for the 
modified anthracycline epirubicin the limiting dose is 
750 mg/m2[5]. Even at these confined doses, reports 
cite incidences of chronic cardiotoxicity ranging from 
<4% to 26%.

Studies have suggested that children respond differ-
ently to anthracyclines than adults, with possibly less 
risk of developing acute or chronic cardiomyopathy 
but significantly increasing risk with time from treat-
ment of developing delayed cardiomyopathy. Indeed, 
one clinical trial that looked at 607 children found a 
cumulative incidence of anthracycline-induced heart 
failure of 2.8% 6.3 years after treatment, but that risk 
increased significantly up to 5% after 15 years of fol-
low-up [9]. Longer follow-up times would likely yield 
even higher incidences of cardiac dysfunction in child-
hood cancer survivors treated with anthracyclines [4]. 
The cumulative dose above which incidence was sig-
nificantly increased was also lower in children: only 
300 mg/m2 of doxorubicin [8].

9.2.1  Genetic Risk

Some recent work has shown that genetic factors 
influence the development of anthracycline cardiotox-
icity. Strong support for a genetic role in determining 
risk originally came from knockout and transgenic 
animal studies that showed increased sensitivity or 
resistance to anthracyclines. For example, overexpres-
sion of the multi-drug resistance gene MDR1 is pro-
tective, while overexpression of the carbonyl reductase 
gene is sensitizing. In humans [10], higher incidences 
of anthracycline cardiotoxicity have been found asso-
ciated not only with SNPs in NADPH oxidase, but 
also with polymorphisms in GSTP, a phase II detox 
enzyme, and CBR3, a paralog of the carbonyl 
reductase CBR1 [11]. One group sequenced candidate 

genes in patients who did or did not develop cardio-
toxic responses to anthracycline therapy. They found 
significantly associated SNPs in multiple NADPH 
oxidase subunits, suggesting the importance of this 
protein complex in modulating risk of anthracycline 
cardiotoxicity. They also found that SNPs in three 
transmembrane efflux receptors responsible for trans-
port of anthracyclines correlated strongly with acute 
cardiotoxic responses. Polymorphisms in adrenergic 
receptors and angiotensin-converting enzymes were 
not associated with increased cardiotoxicity [10].

With the sequencing of the human genome and the 
development of more advanced methods for genome-
wide association studies, continued research into this 
area could be crucial both to understanding the mecha-
nisms and to predicting risk of individual patients. In 
the future, patients with alleles increasing their risk 
could be put on lower doses of anthracyclines or be 
treated with alternative drugs to decrease the overall 
incidence of cardiotoxicity substantially.

9.2.2  Mechanistic Insights

Recent focus has been on determining mechanisms of 
cardiotoxicity in the hope of identifying possible car-
dioprotective mechanisms or deriving a new anthracy-
cline that is less cardiotoxic but no less potent against 
tumors. Endomyocardial biopsies of affected hearts 
reveal characteristic ultrastructural features of anthra-
cycline-induced cardiac damage. Cytoplasmic vacu-
olization, swelling of mitochondria, increased numbers 
of lysosomes, loss of myofibrils, and dilation of the 
sarcoplasmic reticulum are all frequently observed 
changes [12]. Treatment of cultured cardiomyocytes 
with anthracyclines induces an apoptosis-like cell 
death phenotype similar to that observed in the tissue 
[13].

Interference with multiple aspects of cardiomyo-
cyte cellular function have been observed after expo-
sure to anthracyclines, including effects on myocardial 
calcium handling [14], adrenergic receptor signaling 
[14], myocardial protein synthesis [15], and mitochon-
drial function [16]. In addition, multiple studies have 
demonstrated that anthracyclines induce cardiomyo-
cyte myofibrillar disarray [17] and apoptosis [12]. 
While it is difficult to completely unify these diverse 
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cytotoxic effects to one mechanism of cellular injury, 
many studies have suggested a central role of oxidative 
stress, leading to increased reactive oxygen species, 
lipid peroxidation, and iron-regulated oxidative dam-
age. Such studies have provided the mechanistic basis 
for cardioprotective strategies (discussed below), 
which have had mixed results in the clinical setting. 
Over the past 2 decades data have emerged to suggest 
that alternative mechanisms independent of ROS-
mediated damage are important in anthracycline-
induced cardiotoxicity [1]. Such alternative mechanisms 
may be better targets for more effective cardioprotec-
tive strategies.

One such alternative theory proposes that oxidative 
stress (mediated by the formation of ROS by redox 
cycling of anthracyclines) plays a primary role only in 
the development of acute anthracycline cardiotoxicity, 
while secondary alcohol metabolites of anthracyclines 
accumulate in cardiac tissue over time and lead to 
chronic cardiotoxicity [2]. Anthracycline molecules 
bear a quinone moiety that can be reduced by two elec-
trons to form secondary alcohol metabolites such as 
doxorubicinol [18]. Such metabolites potently impair 
cardiomyocyte calcium handling to a much greater 
degree than their parent compounds through effects on 
calcium handling proteins [19] and on sarcoplasmic 
reticulum Ca2+-induced Ca2+ release [20] in a free-rad-
ical independent manner.

9.2.3  Synergistic Interactions

Anticancer agents that are commonly co-administered 
with anthracyclines or commonly administered in 
patients previously treated with anthracyclines may 
enhance cardiac toxicity of anthracyclines, despite the 
fact that such agents alone exhibit minimal cardiac 
toxicity. One such class of drugs is the taxanes, which 
are microtubule-stabilizing drugs that inhibit tumor 
growth by causing cell-cycle arrest. Paclitaxel and 
docetaxel, both widely used taxanes, have both been 
shown to increase formation of doxorubicinol, the sec-
ondary alcohol metabolite of doxorubicin. Kinetic 
studies showed that at low doses (such as those given 
to patients), taxanes bind with high affinity to a regula-
tory or allosteric site of the aldehyde reductase enzymes 

that convert anthracyclines to their metabolites. 
However, at high doses taxanes begin to compete with 
anthracyclines to bind to the active sites of these 
enzymes and thus prevent alcohol formation [21]. 
Clinically, initial studies demonstrated an enhance-
ment of anthracycline-induced cardiac toxicity occur-
ring when co-administered with paclitaxel; [22] 
however, subsequent adjusted dosing regimens have 
minimized this effect [23]. The use of docetaxel simul-
taneously with doxorubicin does not appear to enhance 
the rates of clinically significant cardiac toxicity com-
pared with anthracyclines administered as a single 
agent [23].

Co-administration of anthracyclines and the anti-
ErbB2 antibody trastuzumab results in a high rate of 
heart failure. Up to 28% of patients treated with this 
regimen experienced a cardiac event [24, 25] with 
15% experiencing a grade 3 or 4 complication [26]. 
One hypothesis to explain this synergistic relation-
ship is that trastuzumab alters ErbB2 signaling to 
interfere with the regulation of cytoskeletal proteins, 
while anthracyclines directly affect biosynthesis of 
sarcomeric proteins. These two independent mecha-
nisms both leading to an effective contractile dys-
function could be causing the additive effect of 
cardiotoxicity [27]. More frequently cited, however, 
is the “multiple hit” hypothesis: that anthracyclines 
induce oxidative stress, and myocytes typically sig-
nal through survival pathways like ErbB2 in response 
to that stress. In fact, data in anthracycline-treated 
patients suggest that ErbB2-dependent signaling in 
the myocardium may be particularly important in the 
setting of anthracycline treatment. Myocardial uptake 
of indium-labeled trastuzumab was seen in 50% of 
patients within 3 weeks after anthracycline treatment, 
while only 9% of patients exhibit myocardial uptake 
of labeled trastuzumab 11 months after anthracyline 
administration, and no uptake is detected in the hearts 
of patients with heart failure not due to anthracy-
clines [28].

It is essential to be wary of combining new drugs 
with anthracyclines, as these examples show. Another 
study on pharmacokinetics of doxorubicin showed that 
even drugs that do not react with the quinone moiety to 
increase ROS formation or with the reductase enzymes 
to speed secondary alcohol metabolite formation can 
still cause increased cardiotoxicity by competing 
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RR risk ratio (<0.5 is significantly beneficial, >2 is significantly harmful)

sterically for anthracycline-degrading factors like 
Mb

IV-O
. Even drugs with no cardiotoxic effects them-

selves could interfere with doxorubicin metabolism in 
this way [29].

9.2.4  Cardioprotective Strategies

Since anthracycline-induced cardiotoxicity is irreversible 
and usually unresponsive to traditional heart failure treat-
ments like digitalis, ACE inhibitors, and beta-blockers, 

several strategies have been developed to reduce the risk 
of heart failure due to anthracyclines. Table 9.2 summa-
rizes the results of several strategies to reduce the risk of 
cardiotoxicity resulting from anthracyclines. Continuous 
infusion of anthracycline as opposed to standard, bolus 
therapy showed initial promise as a cardioprotective 
strategy [30]. Enthusiasm for this approach was tempered 
by other reports that were unable to reproduce this car-
dioprotective effect [31]. Thus, there remains a wide 
spectrum of administration protocols for anthracycline 
infusion at different centers, with continuous infusion 
reserved for patients at high risk for cardiotoxicity.

Strategy Doxil (Pegylated 
Lipoxomal 
Doxorubicin) 
[34, 35, 206, 207]

Slow infusion  
(>6 hours) 
[30, 31, 208]

Dexrazoxane[40] ACE inhibitors 
[46, 209]

Beta blockers 
[45, 209]

Net decrease of 
Cardiotoxicity

RR= 0.38 for heart 
failure combined

RR = 0.27 for 
clinical heart 
failure, also 
protective against 
subclinical disease

RR = 0.29 for heart  
failure combined

Significant 
increase in 
average LVEF 
after treatment

Significant 
increase in avg 
LVEF after 
treatment

Effect on 
Cancer  
therapy 
efficacy

RR = 1.01 for 
tumor response, 
1.01 for progres-
sion free survival

RR = 1.2 for  
tumor response, 
1.42 for overall 
survival  
(difference  not 
statistically 
significant)

RR = 0.89 for tumor 
response, 1.01 for 
progression-free survival

None reported None reported

Adverse  
effects

increased skin 
toxicity (PPE), 
bone marrow 
toxicity, and 
infusion reac-
tionsp; decreased 
alopecia, 
myelosuppression, 
mucositis

Decreased 
gastrointestinal 
effects, no effect 
on myelosuppres-
sion or alopecia

No change in thrombocy-
topenia, neutropenia,  
slight increase in abnormal 
white blood cell count   
and anemia (RR=1.19); 
increased pain on  
injection; increased 
phlebitis and fever; 
decreased stomatitis, 
nausea/vomiting; one 
studied suggested high  
risk of secondary 
malignant disease

Incraesed 
incidence of 
dizziness, 
hypotension, 
and fatigue 
Fetal kidney 
damage if 
taken during 
pregnancy

None specifically 
reported 
Beta-blockers can 
increase risk of 
hypoglycemic 
shock in diabetic 
patients, and can 
reduce circulation 
to extremitie, 
dizziness and 
clinical depression 
are also common

Other notes Doxil formulation 
has greatly 
increased half-life 
and higher uptake 
in tumor cells

This strategy is 
used routinely at 
MD Anderson 
Cancer Center; 
some evidence 
suggests it is not 
effective in 
children

Dexrazoxane is the only 
co-drug that has been 
proven to be cardioprotec-
tive by several rigorous 
clinical trials

ACE is are also 
used to slow 
progression of 
cardiomyopa-
thy once it 
occurs

Beta-blockers are 
also used to slow 
progression of 
cardiomyopathy 
once it occurs

Table 9.2 Cardioprotective strategies for anthracyclines
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Changes in the chemical structure or method of for-
mulation of anthracyclines have also been devised in 
an effort to reduce cardiotoxicity without reducing 
tumor efficacy. Epirubicin is a structurally modified 
analog of doxorubicin, which has less toxicity on an 
equimolar basis [32], but comparative studies have not 
detected a significant difference in cardiotoxicity 
between these two drugs when used at dosages that are 
efficacious in cancer therapy [33]. Pre-clinical studies 
strongly suggest that epirubicin is converted to its sec-
ondary alcohol metabolite epirubicnol at a much lower 
efficiency than conversion of doxorubicin to doxorubi-
cinol [2]. Thus, one would predict that epirubicin 
would have significantly lower incidence of chronic 
cardiac toxicity compared with doxorubicin when used 
at dosages with equivalent anticancer efficacy, but this 
has not yet been clearly demonstrated in head-to-head 
clinical trials. Furthermore, a meta-analysis of five 
randomized, controlled trials found no significant dif-
ference between rates of cardiotoxicity associated with 
epirubicin compared with that of doxorubicin [34].

More favorable findings have been demonstrated 
with the use of liposomal anthracycline formulations, 
particularly with pegylated liposomal doxorubicin 
(PLD, Doxil) [35, 36]. In a large phase III trial of 
patients with metastatic breast cancer that compared 
conventional doxorubicin and PLD, the latter was 
associated with a highly significant (P < 0.0001), three-
fold decreased risk in cardiotoxicity, with no differ-
ence in antitumor efficacy [35, 36].

The EDTA-like iron chelator dexrazoxane has also 
shown promise in preventing anthracycline-induced 
cardiotoxicity. Dexrazoxane was originally itself an 
anticancer drug whose cardioprotective effects were 
discovered accidentally [3]. Treatment of cultured car-
diomyocytes with doxorubicin causes loss of mito-
chondrial DNA and cell death, pre- or co-treatment 
with dexrazoxane significantly reduces these effects 
[37]. Dexrazoxane has two mechanisms of action: in 
tumor cells it, like anthracyclines, is a strong inhibitor 
of topoisomerase II. In cardiomyocytes, meanwhile, it 
is metabolized to an EDTA-type form that chelates 
iron and prevents oxidative damage to the cells [38].

In one of the first randomized trials of this agent, 
patients treated with dexrazoxane had significant 
decreases in the incidence of cardiotoxicity caused by 
doxorubicin as determined by the development of con-
gestive heart failure (CHF) left ventricular dysfunction 
(LVD) and changes on endomyocardial biopsy 

consistent with anthracycline cardiotoxicity [39]. A 
meta-analysis of six randomized, controlled trials con-
cluded that  dexrazoxane significantly reduces the inci-
dence of anthracycline-induced heart failure [relative 
risk (RR) = 0.28, CI 0.18–0.42, P < 0.000001] [40]. 
This same meta-analysis identified a trend towards 
decreased tumor response in patients receiving dexra-
zoxane (RR = 0.88, CI 0.77–1.01, P = 0.06), although a 
significant worsening in tumor response rate in patients 
treated with dexrzoxane has only been observed in one 
study [41].

Notably, although dexrazoxane can worsen both 
thrombocytopenia and granulocytopenia during cancer 
therapy, no significant difference in the incidence of 
these adverse effects was identified in the meta-analy-
sis. Furthermore, an overall survival benefit has not 
been observed in patients receiving dexrazoxane for 
cardioprotection in either a large randomized trial [41] 
or in the meta-analysis of six randomized studies [40]. 
For all of these reasons, the usage of dexrazoxane is 
limited to subsets of pediatric patients and patients at 
high-risk of cardiotoxicity due to anthracyclines, such 
as those with pre-existing cardiac disease.

The nonspecific beta-blocker carvedilol, a mainstay 
of therapy for patients with heart failure, has potent anti-
oxidant and antiapoptotic properties, which suggest that 
it may be effective as a protective agent for anthracy-
cline-induced cardiotoxicity [42]. Preclinical studies 
have demonstrated that carvedilol protects cardiomyo-
cytes from anthracycline-induced damage in vitro [43] 
and in animal model studies [44]. A recent small, pla-
cebo-controlled study demonstrated a similar cardiopro-
tective effect of once-daily carvedilol in patients receiving 
anthracycline-based chemotherapy [45]. Larger, ran-
domized clinical studies are needed to confirm the utility 
of carvedilol as a cardioprotective agent for patients 
receiving anthracycline-based chemotherapy.

A recent report integrating the use of cardiac bio-
markers with the use of the angiotensin-converting 
enzyme (ACE) inhibitors as a chemoprotective strategy 
demonstrated a promising approach [46]. In a random-
ized study of patients who received high-dose chemo-
therapy with elevated serum troponin I levels, none of 
the 56 patients randomized to receive enalapril devel-
oped heart failure, while 14 of 58 (24%) control patients 
developed heart failure. This finding was consistent 
with pre-clinical observations demonstrating that ACE-
inhibitors provide a powerful cardioprotective effect in 
animals receiving anthracyclines [47, 48]. While we 
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await further large trials of these chemoprotection strat-
egies, it is reasonable to use ACE-inhibitors prophylac-
tically in patients receiving anthracyclines who have a 
high-risk of developing cardiotoxicity or in whom anti-
hypertensive therapy is indicated. This approach is in 
accordance with the recently updated American Heart 
Association/American College of Cardiology guide-
lines for the treatment of heart failure [49].

Many other molecules and drugs have been tested as 
potential cardioprotective agents, with several showing 
promise in cell culture or animal studies. For example, 
probucol is an antioxidant with lipid-lowering effects, 
and has been shown to effect doxorubicin pharmacoki-
netics without affecting antitumor efficacy. Pretreatment 
with probucol significantly decreases doxorubicin con-
centrations in plasma and also reduces markers of car-
diac damage in pre-clinical studies [12, 50]. Two 
hypotheses about its mechanism have been proposed: 
either probucol could inhibit conversion of doxorubicin 
into its toxic secondary alcohol metabolite doxorubici-
nol or its effect may be to accelerate excretion of the 
drug through the kidney through an antioxidant effect, 
thus reducing dosage to the heart.

Modulation of diet and exercise has also been shown 
to be potentially cardioprotective. In mice, increased 
exercise training has been shown to be protective par-
ticularly against acute anthracycline cardiotoxicity and 
may also protect against chronic effects [51]. Meanwhile, 
rats fed with a high-fat diet show an increased sensitiv-
ity to doxorubicin that may be due to preexisting car-
diac stress [52], suggesting that restricting diet or 
increasing exercise to improve overall cardiac health 
may reduce cardiotoxicity caused by anthracyclines.

9.2.5  Conclusions

Although recent studies have significantly advanced 
our understanding of anthracycline-induced cardiotox-
icity, many questions still remain. The search for 
human genetic variants, the use of cell culture and ani-
mal models to probe specific mechanisms, and the pre-
clinical and clinical studies of treatments that may be 
cardioprotective or sensitizing have so far yielded 
strong results that are just beginning to make sense 
together. Since the cardiac damage caused by anthra-
cyclines is irreversible, clinically relevant, and poten-
tially fatal, the urgency of this research is not 

diminishing. Reducing the incidence of anthracycline 
cardiotoxicity through better drug development, car-
dioprotective strategies, and modulation of treatment 
based on genetic risk will improve outlook for many 
cancer survivors.

9.3  Mitoxantrone

Mitoxantrone is a broad-spectrum anticancer drug 
with a similar structure to anthracyclines called an 
anthraquinone. It is a DNA intercalating agent and a 
 topoisomerase II inhibitor with similar antitumor mech-
anisms to anthracyclines [53]. Phase I and II trials for 
mitoxantrone revealed incidents of cardiac failure and 
arrhythmias, including a 13% rate of LVEF decline and 
a 2.6% rate of heart failure. These  reactions appeared to 
be dose dependent [54]. Mitoxantrone-induced cardio-
toxicity, like anthracycline cardiotoxicity, can manifest 
as either an acute or chronic type [55].

An early randomized clinical trial comparing mitox-
antrone to doxorubicin showed that although cardiac 
function declined on both drugs, treatment with doxo-
rubicin caused a more accelerated drop. Risk of leav-
ing the study due to cardiac events and risk of 
developing full-blown congestive heart failure were 
both also higher in doxorubicin-treated than mitoxan-
trone-treated patients [56]. A more recent trial again 
comparing mitoxantrone to anthracyclines in Hodgkin’s 
disease patients had the reverse result, demonstrating a 
significantly increased incidence of clinically relevant 
cardiac events and cardiac mortality on mitoxantrone 
compared with doxorubicin or epirubicin [57].

9.3.1  Mechanistic Insights

Mitoxantrone causes similar ultrastructural pathology in 
the heart to that seen with anthracyclines: features of my - 
ofibrillar loss, sarcotubular dilation, and mitochondrial 
swelling [58]. These similarities suggest similar mecha-
nisms to induce cardiac damage. Indeed, as discussed 
above, doxorubicin induces mitochondrial-mediated 
apoptosis pathways in cardiomyocytes. Similar apoptotic 
induction was observed with mitoxantrone [53].

Mitoxantrone has been shown to be a potent blocker 
of certain potassium channels, which causes a 
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prolongation of the action potential in cardiomyocytes 
and may predispose to arrhythmias [58]. A compari-
son of cellular effects of doxorubicin vs. mitoxantrone 
showed that both drugs also delay calcium uptake by 
the sarcoplasmic reticulum (SR), but while doxorubi-
cin also inhibits SR calcium release, mitoxantrone 
enhances SR calcium release [59]. Further studies need 
to be done to continue to clarify in what ways mitoxan-
trone cardiotoxicity is similar to and different from 
anthracycline cardiotoxicity, and to determine whether 
similar cardioprotective methods could be applied to 
mitoxantrone.

9.4  Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitors (TKIs) are targeted therapies 
in the form of either monoclonal antibodies or small 
molecule inhibitors that restrict cell signaling through 
kinases known to be important in cancer, for example, 
the ErbB2 receptor in breast cancer. Conceptually, by 
specifically inhibiting tyrosine kinases overexpressed 
in tumor cells, these therapies will be more effective 
against cancer cells and cause less damage to normal 
organs [60]. While these therapies are very effective for 
the treatment of cancer, some of them turned out to 
cause cardiotoxic effects. For multitargeted kinase 
inhibitors especially it is important to determine which 
pathways are causing the cardiac effects so better 
TKIs can be developed without those “off-target” 
effects [61].

9.4.1  Trastuzumab

Trastuzumab is a monoclonal antibody against the 
ErbB2 receptor (also known as HER-2) approved for 
the treatment of ErbB2 positive breast cancer in 1998. 
ErbB2 is a member of the epidermal growth factor 
receptor family which includes EGFR and ErbB2-4. 
Approximately 1/3 of all breast cancers show a 10- to 
100-fold increase in ErbB2 expression, and this pheno-
type is associated with poor prognosis [30]. Treatment 
with trastuzumab has significantly improved overall 
survival and disease-free survival rates in women with 
breast cancer [62]. Several studies have reported left 
ventricular dysfunction in up to 10% of patients and 

development of congestive heart failure in 1–4% of 
patients treated with trastuzumab alone [63–65]. 
Cumulative dose of the drug does not appear to be 
related to cardiac complications, and the effects are 
mostly reversible upon discontinuation of treatment 
[66]. No ultrastructural changes are observed in the 
myocardium of these patients, including no vacuoliza-
tion or myocyte loss [64].

Risk factors for trastuzumab-induced cardiac dys-
function include older age, preexisting cardiovascular 
disease including coronary artery disease, diabetes, 
and valvular disease, and possibly prior radiation ther-
apy to the left breast. Trastuzumab also causes syner-
gistically increased toxicity when combined with 
anthracyclines (see anthracyclines section) or pacli-
taxel: up to 28% of women treated with anthracyclines 
and trastuzumab and 13% of women treated with pacli-
taxel and trastuzumab developed significant cardiac 
dysfunction [25, 67]. Paclitaxel, a taxane drug, causes 
a decrease in ERK1/2 phosphorylation, which leads to 
an increase in myofilament degradation; similar effects 
are seen with ErbB2 inhibitors. The combination of 
these two drugs increases diastolic calcium, shortens 
relaxation time, and reduces fractional shortening in 
heart tissue, suggesting an additive effect of cardiac 
dysfunction [68].

The question remains why cardiac tissue is sensi-
tive to trastuzumab in spite of a relatively low level of 
ErbB2 receptor expression. ErbB2 was known to be 
required for formation of the heart, as knockout mice 
cause embryonic lethality due to defects in cardiac 
development. However, the role of ErbB2 signaling in 
the adult heart was unknown, until clinical cardiotox-
icity associated with trastuzumab prompted a closer 
look. Conditional, cardiac-specific ErbB2 knockout 
mice have a dilated cardiomyopathy phenotype and 
exhibit excess mortality in response to pressure over-
load stress [69].

Trastuzumab has been shown to effectively phos-
phorylate ErbB2 in the human heart, and treatment over 
the course of weeks has been shown to induce break-
down of myocardial fibers and loss of the beating con-
tractions [27]. Two hypotheses have been suggested. 
First, ErbB2 may be nonrandomly localized on the cell 
surface in such a way that it is easily targeted by trastu-
zumab. There is evidence that ErbB2 heterodimerizes 
with ErbB4 to signal in the heart and that both proteins 
localize specifically to the T-tubule. Alternatively, 
minor perturbations in ErbB2 signaling may be 
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particularly devastating to cardiomyocytes. In chimeras 
where a subset of cells was ErbB2 negative, the entire 
heart was still unable to contract properly [27].

Another question is why only a small subset of 
patients develops cardiac dysfunction on trastuzumab 
if the ErbB2 pathway is so critical for cardiomyocyte 
function and survival. One hypothesis is that multiple 
“hits” are required: a heart with preexisting or con-
current stress, caused by prior heart disease or anthra-
cycline treatment, would need to signal through 
ErbB2 more in order to maintain function [63]. 
Patients with these risk factors do show increased 
sensitivity to trastuzumab, supporting this theory. 
Another theory is that natural variability in expres-
sion of neuregulin genes NRG1 and NRG2 in the 
heart leaves some patients more vulnerable to trastu-
zumab-induced cardiac damage. One study showed 
that only a subset of patients absorbs the drug into the 
myocardium, and all of these patients developed car-
diotoxicity [27, 70]. It is unknown what makes these 
patients more susceptible, but higher levels of ErbB2 
expression or lower levels of ErbB4 expression (effec-
tively mimicking higher levels of ErbB2) could also 
contribute to sensitivity.

Despite a significant incidence of CHF as a result of 
trastuzumab treatment, cardiotoxicity caused by tras-
tuzumab results in substantially lower morbidity and 
mortality compared with CHF due to anthracyclines 
[71]. The reversibility of cardiac dysfunction caused 
by trastuzumab was suggested by a study of 38 anthra-
cycline-treated breast cancer patients who subse-
quently developed cardiac dysfunction (mean 
pre-treatment ejection fraction 61%; mean post-trastu-
zumab ejection fraction 45%) [64]. After discontinua-
tion of trastuzumab and aggressive treatment with 
ACE inhibitors and beta blockers (BB), cardiac func-
tion returned to near-baseline levels in nearly all of 
these patients. Moreover, 25 of these patients were 
maintained on standard heart-failure therapy and were 
successfully rechallenged with trastuzumab without a 
subsequent decline in cardiac function.

9.4.2  Lapatinib

Lapatinib is also an ErbB2 inhibitor, but is a small 
molecule rather than a monoclonal antibody targeting 
the EGF-receptor [61]. In a study of 3,700 patients, 60 

(2%) experienced cardiac events. No risk factors were 
identified, and cumulative dose was not related to inci-
dence of cardiotoxicity. Cardiac events, including car-
diac failure and palpitations, were generally reversible 
[72]. An analysis of multiple trials of patients treated 
with lapatinib for a variety of solid tumors showed that 
1.6% of patients had a decline in the left ventricular 
ejection fraction, while 0.2% developed symptomatic 
congestive heart failure.

The difference in cardiotoxicity between trastu-
zumab and lapatinib has not yet been explained. One 
possibility is that since trastuzumab is a monoclonal 
antibody, it may have immune-mediated effects on 
cardiomyocytes that are not replicated by the small 
molecule inhibitor lapatinib. Another explanation 
could be that these two drugs, despite targeting the 
same receptor, may trigger different intracellular sig-
naling responses in cardiomyocytes, but not in cancer 
cells. A detailed molecular understanding of the differ-
ences between trastuzumab and lapatinib on cardiac 
function may provide key insights into the role of 
ErbB2 in cardiac function and may also provide 
insights into novel strategies for cardioprotection.  
A third possibility is that there is not a great inherent 
difference in cardiotoxicity, but that because of the 
findings with trastuzumab, patients were more care-
fully selected for lapatinib trials. For example, after the 
discovery of a severe increase in toxicity when trastu-
zumab and anthracyclines are used concurrently, 
patients receiving anthracycline treatment were 
screened more heavily for lapatinib trials [66].

9.4.3  Imatinib

Imatinib was designed to inhibit Abl kinase, but also 
targets PDGF-receptors, c-Kit, and other pathways. It 
is used in the treatment of hematological malignancies 
and gastrointestinal stromal tumor (GIST). More than 
80% of chronic myelogenous leukemia patients achieve 
full remission with imatinib treatment. Initial clinical 
trials, which likely excluded patients at high risk for 
cardiovascular disease, found no evidence of cardio-
toxicity caused by imatinib. In 2006, however, a study 
was published on ten individuals who developed severe 
congestive heart failure during imatinib therapy. The 
pathology of these patients’ myocardiums revealed 
membrane whorls, pleomorphic mitochondria, and 
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glycogen accumulation [73]. The same study reported 
that mice treated with imatinib developed cardiac dys-
function associated with activation of the ER stress 
response and resulting in histological findings similar 
to those observed in patients. The toxic effects of ima-
tinib on cardiomyocytes were linked to inhibition of 
Abl kinase. Consistent with these findings, a modified 
form of imatinib, which has a specific reduction in 
activity against Abl kinase, produces substantially less 
cardiac toxicity in a murine model [74].

Despite these compelling findings, the incidence 
of clinically significant cardiomyopathy and heart 
failure attributable to imatinib appears to be low. A 
retrospective study of patients with CML treated with 
imatinib found that 1.7% of patients develop heart 
failure [75]. Risk factors included older age, prior 
treatment with anthracyclines or interferon, and prior 
history of cardiac disease or risk factors, but did not 
include increased dose of imatinib. Similarly, a retro-
spective study of gastrointestinal stromal tumor 
patients reported an incidence of heart failure and car-
diomyopathy attributable to imatinib of less than 1% 
[76]. It is important to note that retrospective studies 
can underestimate the incidence of cardiotoxicity, 
particularly overlooking subclinical decreases in car-
diac function. Nevertheless, based upon the existing 
data, the clinical significance of cardiotoxicity due to 
imatinib seems to be small. However, in light of pre-
clinical findings suggesting that imatinib impairs 
aspects of the cardiac stress response, the long-term 
consequences of imatinib therapy warrant further, 
prospective study, particularly in patients with pre-
existing cardiovascular disease and when combined 
in anticancer regimens containing other established 
cardiotoxins.

9.4.4  Dasatinib and Nilotinib

Dasatinib and nilotinib are both Abl kinase inhibitors 
developed for use in imatinib-resistant or -intolerant 
patients with leukemias [77, 78]. Dasatinib also inhib-
its Src family kinases, c-Kit, PDGF-receptors, and 
ephrin-A. In vitro studies suggested both drugs could 
potentially cause prolonged QT interval. Only 1% of 
patients treated with dasatinib, however, developed 
significant QT prolongation [78], whereas 3% of nilo-
tinib treated patients develop significant QT 

prolongation [79]. QT prolongation should be  managed 
by discontinuation of the drug or dose reduction.

A clinically significant incidence of cardiomyopa-
thy or heart failure associated with nilotinib or dasat-
inib has not been reported. Up to 35% of CML patients 
treated with dasatinib develop pleural effusions [80], 
with a significant number of such patients also devel-
oping pericardial effusions. However, these adverse 
effects do not appear to be the result of cardiac dys-
function. The etiology of such effusions appears to be 
multifactorial, due in part to generalized fluid reten-
tion, and possibly also attributable to immune-medi-
ated effects [81]. Nilotinib is also associated with both 
pleural and pericardial effusions, albeit at a much 
lower frequency [77].

9.4.5  Sunitinib

Sunitinib is an extremely promiscuous multiple 
tyrosine kinase inhibitor. In one study, sunitinib 
reacted with 18% of all kinases tested, a percentage 
that suggests the possibility of an extremely high 
number of kinases inhibited in vivo [82]. Sunitinib 
activity against both VEGFR and PDGFR make it a 
highly antiangiogenic agent, which is the dominant 
mechanism of its antitumor effect. Sunitinib is 
approved for treatment of metastatic renal cell carci-
noma and imatinib-resistant gastrointestinal stromal 
tumors. Questions about the cardiac safety of sunitinib 
emerged from early clinical trials of the drug. In one 
study of patients with GIST, 10% of patients experi-
enced left ventricular dysfunction compared with 3% 
treated with placebo [83]. Similarly, in one study, 
patients with metastatic renal cell carcinoma treated 
with sunitinib developed LVD 15% of the time [84]. 
In a study of 75 sunitinib-treated patients with no prior 
history of cardiac dysfunction, 19% of patients expe-
rienced a 15% or greater decline in ejection fraction, 
whereas 8% of patients developed cardiac dysfunction 
along with advanced heart failure symptoms [85]. 
Forty-seven percent of these patients experienced 
hyper tension, including 17% with grade 3 or greater 
hypertension. In another study of metastatic renal cell 
carcinoma patients, 19% had substantial declines in 
left ventricular function with 7% experiencing left 
ventricular dysfunction and advanced heart failure. 
All of the heart failure patients also had grade 
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3 hypertension [86]. In a referral-based study, six 
sunitinib-treated patients (3%) with no history of heart 
disease developed severe left ventricular dysfunction 
and heart failure associated with marked cardiac mor-
bidity or mortality [87]. In each of these studies, the 
onset of cardiac toxicity from initiation of therapy was 
less than 6 months and was associated with the devel-
opment of profound hypertension.

Risk factors for development of sunitinib cardiotox-
icity included history of hypertension and history of 
coronary artery disease. Studies reporting a higher 
incidence of hypertension also reported a higher per-
centage of patients developing heart failure [86]. 
Cardiotoxicity does not appear to be dose-dependent, 
and cardiac damage appears to be incompletely revers-
ible after discontinuation of treatment [88].

Endomyocardial biopsies from patients with suni-
tinib cardiotoxicity showed hypertrophy and swollen 
mitochondria with membrane whorls. No inflamma-
tion or fibrosis was seen [85]. In the patients exam-
ined, there were no signs of ischemia or valvular 
damage, but histology showed loss of cellular mass 
with fragmented myocardial muscle bundles [89]. 
Few mechanistic studies have been done, but it appears 
hypertension may precede or contribute to sunitinib 
toxicity. Inhibition of PDGF-receptor signaling has 
been suggested as a possible mechanism for sunitinib 
cardiotoxicity. PDGF-receptor signaling stimulates 
myocyte growth in response to hypertensive stress 
[87]. However, endogenous PDGF signaling has not 
been shown to be cardioprotective, though overex-
pression of PDGF has [61]. A combination of hyper-
tension and inhibition of key tyrosine kinases may be 
the cause of cardiotoxicity.

9.4.6  Sorafenib

Sorafenib is also a multi-kinase inhibitor used in the 
treatment of renal cell and hepatocellular carcinoma, 
and is in trials for treatment of metastatic melanoma 
and non-small-cell lung cancer. Its targets include 
Raf-1, b-Raf, PDGF-receptor, VEGF-receptor, c-Kit, 
and Flt3 [90]. As Raf kinases and VEGF-receptor 
signaling are important in angiogenesis, sorafenib 
can be considered an antiangiogenic drug. A common 
side effect of all antiangiogenic drugs, including 
sorafenib, is hypertension [91]. Treatment with 

sorafenib reduces proliferation of vascular smooth 
muscle cells and increases apoptosis of these cells 
[90]. Its hypertensive effect is likely mediated thro-
ugh effects on vascular rarefaction and nitric oxide 
 production associated with vascular endothelial 
dysfunction.

Sorafenib also induces acute coronary symptoms, 
including myocardial infarction, in 2.9% of patients 
[92]. Some patients developed severe cardiac effects 
without prior history of heart disease or hyperten-
sion [93]. It may also cause a higher incidence of 
less dramatic cardiac events. Reinitiation of therapy 
after treatment of cardiovascular complications did 
not cause further problems [94]. In patients with 
poorly controlled hypertension, pressure load on the 
heart increases, and the normal response is to increase 
angiogenesis in the heart. Inhibition of angiogenesis 
by sorafenib may lead to heart failure in these 
patients [61, 95]. Sorafenib is significantly more 
toxic to cells relying entirely on mitochondria for 
energy generation. The drug has been shown to 
inhibit all complexes (I–V) in the mitochondrial 
electron transport chain. These experiments suggest 
that damages to mitochondrial energy metabolism 
processes might be a key cardiotoxic effect of 
sorafenib [92].

9.4.7  Bevacizumab

Bevacizumab is a monoclonal anti-VEGF antibody 
approved to treat metastatic colon cancer, renal cell 
cancer, breast cancer, kidney cancer, and non-small-
cell lung cancer. It is an angiogenesis inhibitor that 
also affects tumor vasculature in a way that improves 
delivery of other chemotherapeutic drugs and decreases 
pressure inside tumors. Like other angiogenesis inhibi-
tors, it causes a significant percentage of patients to 
develop hypertension [96, 97]. Grade 3 or 4 hyperten-
sion is seen in 8–18% of patients, and the incidence 
appears to be dose-dependent. Risk of hypertension 
also increases with age over 75, African-American 
race, and specifically renal cell cancers [96].

This drug also causes an increase in severe cardio-
vascular complications. One study reported 2.1% of 
patients had myocardial infarctions, 2.5% had cerebro-
vascular accidents, 1.8% had hemorrhagic bleed in the 
gastrointestinal tract, 2.0% developed congestive heart 
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failure, 3.0% developed angina, and 1.8% died sud-
denly over a 1 1/2-year period of bevacizumab treat-
ment. Prior history of cardiovascular disease was a 
significant risk factor, and anthracycline treatment or 
radiation to the heart may also increase risk [98]. Many 
of these cardiovascular events were probably related to 
an increase in risk of arterial thromboembolism with 
bevacizumab treatment [5]. Age over 65 and prior his-
tory of thromboembolism are risk factors, but cumula-
tive dose is not. Therapy with bevacizumab should be 
permanently discontinued in case of this type of 
complication.

Thromboembolic effects may be mediated by a per-
sistent inflammatory state that results from VEGF 
inhibition [96]. Mice with an endothelial-specific dele-
tion of VEGF experience progressive endothelial 
degeneration leading to thrombosis [95]. The compli-
cation of hypertension is most likely due to inhibition 
of nitrous oxide synthase, causing vasoconstriction 
and a decrease in sodium ion excretion. These effects 
both raise blood pressure. Decreased capillary density, 
increased vascular resistance, disrupted balance of 
endothelin, and vascular rarefaction may also contrib-
ute to the hypertensive phenotype. Although most 
adult blood vessels were previously thought not to 
require VEGF signaling for maintenance, many recent 
studies refute that claim. Capillaries with endothelial 
fenestrations are most dependent on VEGF signaling 
and regress with VEGF inhibition [99]. This finding 
may help identify tumors most likely to respond to this 
therapy. Treatment with anticoagulants, ACE inhibi-
tors, and calcium channel blockers may help to prevent 
the vascular side effects of bevacizumab.

9.4.8  Conclusions

Contrary to the initial goals of targeted molecular ther-
apeutics, it appears that tyrosine kinase inhibitors are 
frequently associated with a small but clinically impor-
tant risk of severe cardiovascular complications. 
Prospective studies of cardiac function are needed for 
all of these drugs to determine the true incidence of 
hypertension, arrhythmias, cardiac ischemia, and con-
gestive heart failure. Retrospective studies based on 
adverse event reports are likely to underestimate 
risks.

As more targeted therapies are designed, researchers 
and clinicians should be aware of potential cardiotoxic 
effects. Many kinases have a known role in the heart, 
and as drugs are designed against them we should be 
especially careful. For example, loss of Jak1, Jak2, or 
Stat3 in the heart increases sensitivity to cardiac dam-
age including that caused by anthracyclines. The drug 
lestaurtinib inhibits Jak2, and patients should be moni-
tored for cardiac function during clinical tests of this 
drug. Another example is the drug perifosine, an inhibi-
tor of Akt kinase, which has recently been identified as 
important for normal cardiac growth and response to 
stress. Vigilant monitoring for cardiotoxicity in patients 
treated with this agent may also be warranted.

9.5  Monoclonal Antibody Therapies

9.5.1  Alemtuzumab

Alemtuzumab is a monoclonal antibody against CD52 
and is used to treat chronic myelogenous leukemia. 
Initial infusion-related toxicity symptoms can include 
dyspnea and hypotension, but with a gradual increase 
of dose this reaction can be avoided [100]. Mycosis 
fungoides and Sezary syndrome are also sometimes 
treated with alemtuzumab, and one small study of this 
patient population reported an unacceptably high inci-
dence of cardiac effects, including congestive heart 
failure, arrhythmias, deep venous thrombosis, severe 
hypotension, and vascular leak syndrome [101]. 
However, a subsequent retrospective analysis by 
another group identified no clinically significant car-
diotoxicity in mycosis fungoides/Sezary syndrome 
patients treated with alemtuzumab [102]. CD52 is not 
expressed in cardiomyocytes or endothelial cells, so 
direct cardiovascular toxicity is unlikely, but rare inci-
dences of cardiac effects may be mediated by inflam-
matory cytokine release leading to coronary spasm.

9.5.2  Rituximab

Rituximab is a chimeric monoclonal antibody against 
CD20 used to treat multiple malignant and benign 
hematological conditions. Rituximab can cause severe 
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infusion reactions that include hypotension and angioe-
dema, with very severe reactions occurring in 1% of 
patients [103]. Rituximab is generally well tolerated 
with minimal cardiovascular toxicities, such as angina, 
which has been reported in less than 1% of infusions.

9.5.3  Cetuximab

Cetuximab is a monoclonal anti-EGF-receptor anti-
body used to treat metastatic colon cancer either as a 
single agent or with irinotecan. It can cause a severe 
infusion reaction with hypotension in up to 3% of 
patients. This reaction can sometimes be fatal [103].

9.6  5-Fluorouracil and Capecitabine

5-Fluorouracil (5-FU) is an antimetabolite used to 
treat solid tumors of the breast, head, neck, and GI 
tract [95]. It inhibits thymidylate synthase in cancer 
cells and ultimately causes cell death [104], 5-FU is 
well known to cause myocardial ischemia and rarely 
myocardial infarction. The incidence of 5-FU cardio-
toxicity has been reported in the range of 1.2–18%, 
depending on the treatment regimen and co-drugs. In 
a prospective analysis of patients receiving high-dose 
5-fluoruracil by continuous infusion (600–1,000 mg/
m2/day), 7.6% experienced cardiac events during 
infusion [105]. Although the symptoms were tran-
sient in most of these patients, 2.2% of patients expe-
rienced cardiac death due to arrhythmias or circulatory 
collapse. More recently, a series of 427 patients 
receiving high-dose, continuous infusion 5-fluorou-
racil identified symptomatic cardiac toxicity with 
ischemic EKG changes in 17 treated patients (4%) 
during drug infusion [106]. Clinical improvement 
was noted in most patients with termination of infu-
sion and administration of nitrates, but one patient 
died of an arrhythmia. Patients with established coro-
nary artery disease may be at higher risk of develop-
ing myocardial ischemia during infusion of 5-FU 
[107]. Chest pain and EKG changes suggestive of 
myocardial ischemia have also been described in 
patients treated with capecitabine, an orally adminis-
tered prodrug of 5-fluorouracil [108]. The nature and 

extent of capecitabine-induced myocardial ischemia 
may be similar to that of infusional 5-fluorouracil, 
although larger studies are needed to evaluate the risk 
of myocardial ischemia and infarction attributable to 
these two agents.

Coronary vasospasm is an important mechanism 
leading to myocardial ischemia and/or infarction asso-
ciated with 5-FU. In vitro experiments show that thera-
peutic levels of 5-FU cause a vasoconstriction effect in 
smooth muscle, possibly mediated by effects on pro-
tein kinase C and reversible by nitrate therapy [109]. 
Clinical research confirms that patients have a signifi-
cantly decreased brachial artery diameter upon treat-
ment with 5-FU. In addition, some reports suggest 
5-FU can also cause non-ischemic cardiomyopathy 
and myocarditis [104], although this does not appear to 
occur commonly in clinical practice at usual dosage 
regimens.

9.7  Cyclophosphamide

Cyclophosphamide is used in combination chemother-
apy for several solid tumors and lymphomas, and is 
used at high dosages as a conditioning regimen prior to 
bone marrow transplantation. Although cyclophosph-
amide is well tolerated at lower dosages, LV dysfunc-
tion and CHF have been reported with high-dose 
regimens [110]. The myocardial injury due to high-
dose cyclophosphamide may be largely reversible 
[111], but significant morbidity and mortality have 
been seen in patients with cyclophosphamide-induced 
cardiac dysfunction [111]. Similarly, Quezado et al. 
[112] have also reported a significant, dose-related 
incidence of CHF and arrhythmias in patients given 
ifosfamide. As with cyclophsphamide, ifosfamide-
induced cardiac dysfunction appears to be transient 
and reversible.

Pericarditis is another established cardiovascular 
toxicity associated with cyclophosphamide therapy 
[113]. The risk of cardiovascular toxicity due to cyclo-
phosphamide increases with greater one-time doses of 
cyclophosphamide, but does not increase with cumula-
tive dose [114]. Prior anthracycline treatment, prior 
irradiation to the heart, and a history of cardiovascular 
disease appear to increase the risk of cyclophosph-
amide cardiotoxicity [113–115].
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9.8  Cisplatin and Cisplatin-Based 
Combination Therapies

Cisplatin is an alkylating chemotherapy agent that pro-
duces interstrand DNA cross-links. Early case reports 
suggested that vascular ischemic events could be asso-
ciated with cisplatin-based therapy: myocardial infarc-
tion, cerebrovascular accident, and hypertensive events 
were reported in young patients with no risk factors for 
cardiovascular disease [116–118]. A retrospective anal-
ysis of urothelial transitional cell carcinoma patients 
revealed vascular events in 12.9% of patients receiving 
cisplatin, including deep venous thrombosis (DVT), 
pulmonary embolisms, arterial thromboses, cerebro-
vascular accidents, and angina pectoris. Risk factors for 
these events included history of peripheral vascular dis-
ease or coronary artery disease and a large tumor size in 
the pelvis [119]. While older studies report a low rate of 
thrombosis, more recent studies show a significantly 
heightened risk on cisplatin-based therapies, including 
a particularly dangerous risk of grade 4 or 5 thrombotic 
events [120]. Treatment with prophylactic anticoagula-
tion or calcium channel blockers may allow patients to 
continue use of cisplatin [116, 119], which is a very 
effective drug for the treatment of solid tumors.

Although the exact mechanism of cisplatin-induced 
vascular toxicity is unknown, some indications and 
theories have been reported. Alterations to the clotting 
cascade affecting coagulability have been suggested as 
a possible mechanism particularly for thrombotic-type 
events [120]. Hypomagnesemia is reported to occur in 
77–87% of patients after cisplatin-based chemother-
apy, likely because cisplatin induces a tubular injury in 
the kidney that decreases the rate of reabsorption of 
magnesium. Lower Mg2+ concentration increases Ca2+ 
influx and results in constriction of the blood vessels. 
Elevation of plasma levels of von Willebrand factor 
(vWF) may also contribute to development of vascular 
disease. Cisplatin is known to stimulate endothelial 
cells to secrete increased levels of vWF [118]. This 
mechanism may be more frequently responsible for 
cerebrovascular accident or thrombosis, particularly in 
elderly patients, as these events typically occur earlier 
in the treatment course, while hypomagnesemia may 
contribute more to development of later events, which 
are predominantly myocardial infarctions without 
endovascular disease.

9.8.1  Toxicity with Combination 
Therapies

There are two commonly used cisplatin-based chemo-
therapy regimens for the treatment of cancers, in par-
ticular testicular seminoma and germ cell tumors: PVB 
(cisplatin, vinblastine, and bleomycin) and BEP (bleo-
mycin, etoposide, cisplatin). Cisplatin-based combina-
tion chemotherapies have shown a “cure rate” for 
testicular cancer of over 80%. Both treatment courses 
have been associated with vascular toxicities, includ-
ing development of Reynaud’s phenomenon in 37% of 
patients on either regimen [121]. Risk factors for 
Reynaud’s phenomenon include a cumulative dose of 
bleomycin, PVB treatment rather than BEP treatment, 
and hypertension [122]. Age, tumor histology, and 
other toxicities were not predictive factors [123].

Several other vascular events were seen more rarely: 
myocardial infarction [122, 124], angina pectoris [125, 
126], cerebrovascular events [121], heart failure [126], 
major thromboembolic events (DVT, pulmonary 
embolisms (PE)) [127], and transient ischemia of the 
toes [125]. Digital ischemia occurred in 21% of patients 
treated without cisplatin compared with 41% treated 
with cisplatin [123]. Bleomycin is thought to be the 
most important drug in the pathogenesis of Reynaud’s 
phenomenon, while cisplatin is the most likely cause 
of the other vascular toxicities.

9.9  Other Chemotherapeutic Agents

9.9.1  Bleomycin

Bleomycin is a glycoprotein used in the treatment of lym-
phomas, germ cell testicular cancer, and squamous cell 
cancers. In addition to peripheral vascular toxicities that 
have been reported with combination cisplatin/blemyocin 
treatment (described above), bleomycin has been associ-
ated with a 2.8% incidence of severe chest pain of unclear 
etiology [128]. It also has been associated with the devel-
opment of acute pericarditis in a small subset of patients 
[128, 129]. In rare cases with young patients there have 
been reports of myocardial infarction or myocardial isch-
emia associated with bleomycin treatment [130].
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9.9.2  Irinotecan

Used in the treatment of gastric and colorectal cancer, 
irinotecan may be associated with increased incidence 
of venous and arterial thromboembolic events. Eleven 
of 50 patients over two clinical trials developed drug-
related thromboembolism when treated with irinotecan 
or irinotecan plus bevacizumab (no difference in inci-
dence between the two treatment groups) [131]. These 
findings have not been reported subsequently by other 
groups.

9.9.3  Cytarabine

Cytarabine, also known as cytosine arabinoside, is a 
pyrimidine agonist used to treat acute myeloid leukemia 
[54]. Pericarditis is a rare side effect of this drug, mostly 
published in case reports [132, 133]. Cardiac tampon-
ade has been reported to occur in conjunction with peri-
carditis in some patients [134], and capillary leak 
syndrome with pulmonary edema and pericardial effu-
sion has also been reported [135]. Most published cases 
of pericarditis also report simultaneous pulmonary fail-
ure [135]. In all cases of pericardial disease appear to 
be directly related to the toxicity of cytarabine. 
Corticosteroid treatment may be an appropriate therapy 
for pericardial damage in these patients [132, 133].

9.9.4  Gemcitabine

Gemcitabine is an antimetabolic drug, related to cytar-
abine, used in the treatment of solid tumors (most fre-
quently breast and GI cancers). Original phase I trials 
of the drug used as a daily infusion caused severe 
hypertension, but the currently approved treatment 
regimen eliminates that side effect [136]. There have 
been case reports of gemcitabine-caused myocardial 
infarction [137, 138] and atrial fibrillation [136, 139]. 
The time frame to development of arrhythmic compli-
cations is within 12-24 h after infusion [140]. 
Gemcitabine has been reported to cause ventricular 
tachyarrhythmias of grade 1–4 in 2.3% of patients, 
cardiac dysfunction (with decline in LVEF) in 1.8% of 

patients, and mild pericarditis in 0.2% of patients 
[136]. It has also been reportedly associated with cases 
of thromboembolism [140]. The pathophysiology of 
these toxicities is unknown.

9.10  Microtubule-Altering Therapies

9.10.1  Vinca Alkaloids

The vinca alkaloids are a class of microtubule-target-
ing drugs used to treat a wide array of solid and hema-
tological cancers. Their mechanism of action is to 
disrupt microtubule assembly and arrest cells at meta-
phase [141]. There have been reports of hypertension, 
myocardial ischemia, myocardial infarction, and other 
vaso-occlusive disease with these compounds [54]. 
Vinorelbine is used to treat non-small-cell lung cancer, 
ovarian cancer, and breast cancer [142–144], and has 
been reported to cause an acute ischemic event or 
infarction during or very shortly after treatment [144]. 
A meta-analysis suggested an incidence of cardio-
toxicity of 1% with vinorelbine [145]. Vinblastine, 
vincristine, and vindesine are three other vinca alka-
loids shown to cause repolarization disorders, precor-
dial pain, acute ischemia, or infarction [144].

Risk factors for vinca alkaloid toxicity include 
female gender [145], prior cardiac history [145], prior 
irradiation [144], and prior anthracycline therapy 
[144]. Several mechanisms have been proposed, 
including direct toxicity to myofibrils [143], coronary 
vasospasm [142], progressive dissolution of the sarco-
plasm and formation of membranous bodies [146], an 
affect on coagulation leading to arterial occlusion 
[144], and disorganization of cellular microtubules 
leading to impairment of metabolism and impairment 
of contractility [144].

Interestingly, several reports of vincristine interac-
tions with doxorubicin have been published, some sug-
gesting a higher incidence of ischemic toxicity [147], 
and others suggesting vincristine is cardioprotective 
against doxorubicin effects [141, 148]. Cell culture 
studies show vincristine increases myocyte survival 
signaling [141] and decreases oxidative stress and 
apoptosis [148]. More studies are needed to confirm 
and further probe these effects.
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9.10.2  Taxanes

Taxanes work by stabilizing microtubules and prevent-
ing depolymerization [149], and are used to treat 
breast, ovarian, and non-small-cell lung cancers [5]. 
As described above, pre-clinical studies have sug-
gested that combination taxane/anthracycline therapy 
may enhance formation of cardiotoxic anthracycline 
metabolites, potentially offering an explanation of 
excess cardiac toxicity observed when doxorubicin 
and paclitaxel were co-administered in bolus-dosing 
regimens to patients with metastatic breast cancer [22]. 
Importantly, a similar enhancement of clinical cardio-
toxicity has not been observed when docetaxel is co-
administered with doxorubicin [150].

However, taxanes can cause cardiotoxicity as single 
agents as well. Paclitaxel may cause sinus bradycardia 
in up to 30% of patients, although this rarely results in 
significant symptoms, while more serious arrhythmias 
such as conduction blocks or ventricular tachycardia 
can develop in up to 5% of treated patients [146, 151]. 
Complete heart block [152] and myocardial infarction 
[153] are rare but serious complications associated 
with taxane treatment. However, cardiac abnormalities 
caused by taxanes are typically asymptomatic and 
transient [153]. For these reasons, routine cardiac 
monitoring is not necessary for patients without preex-
isting cardiac risk factors, but monitoring is recom-
mended for those with preexisting heart disease [152].

9.11  Hormone Therapies

Breast cancer patients are often treated with some form 
of hormonal therapy in the adjuvant setting, depending 
upon the level of expression of hormonal receptors 
identified in tumor biopsy specimens. Such regimens 
usually consist of tamoxifen (an estrogen receptor 
antagonist) or aromatase inhibitors (which block the 
synthesis of estrogen). Several large trials have dem-
onstrated an LDL cholesterol lowering effect of tamox-
ifen in breast cancer patients compared with 
placebo-treated or aromatase inhibitor-treated patients, 
suggesting a potential protective effect of tamoxifen 
[154]. Consistent with such an effect, women treated 
with tamoxifen had 50% fewer serious (grades 3–5) 
ischemic cardiac events compared with those treated 
the aromatase inhibitor letrozole [155]. However, in 

the same study, tamoxifen treatment was associated 
with a two-fold increase in thromboembolic events 
(p < 0.001) compared with letrozole-treated patients. 
As further evidence of a pro-thrombotic effect of 
tamoxifen, 1.2% of women with breast cancer treated 
with tamoxifen developed VTE compared with 0.5% 
of placebo treated controls [156]. The risk of throm-
boembolism due to tamoxifen is highest in older 
women and in the first 2 years of therapy, while the 
addition of chemotherapies to treatment regimens does 
not affect risk [156].

Hormonal therapy also has an important role in the 
treatment of patients with metastatic prostate cancer. 
Diethylstilbestrol (DES), a synthetic estrogen showed 
promise in the treatment of metastatic prostate cancer, 
but at higher dosages (5 mg/day), was found to result 
in an excess number of cardiovascular deaths com-
pared to placebo, defined as death from myocardial 
infarction, stroke, heart failure, or pulmonary embo-
lism [157]. Importantly, at lower dosages of DES 
(1 mg/day), a significant anticancer benefit is observed 
without an increase in cardiovascular deaths [158]. 
When used at this dosage, VTE remains the principal 
toxicity of DES and appears to occur in spite of pro-
phylactic anticoagulation regimens that include low 
dose warfarin and aspirin [159]. The optimal prophy-
lactic antithrombotic regimen in patients treated with 
DES has not yet been established.

Another form of hormone therapy is androgen 
deprivation therapy for prostate cancer patients. This is 
achieved using several strategies, including orchiec-
tomy, treatment with GnRH agonists, or treatment with 
antiandrogens. Patients treated with GnRh agonists 
had significantly more cases of diabetes, coronary 
artery disease, myocardial infarction, and sudden car-
diac death than untreated patients [160, 161]. GnRh 
agonists increase fat mass and fasting insulin levels, 
and decrease insulin sensitivity [161], providing a 
mechanistic basis for this increased risk.

9.12  Other Miscellaneous Drugs

9.12.1  Bortezomib

Bortezomib is a reversible proteasome inhibitor, 
resulting in cells accumulating poly-ubiquitylated 
proteins and eventually triggering apoptosis. It is used 
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to treat multiple myeloma and non-small-cell lung 
cancer [162]. A 2007 study revealed an unexpected 
increase of cardiac complications in patients with 
multiple myeloma or non-Hodgkin’s lymphoma on 
bortezomib alone or in combination. Eight of 69 
patients in the study developed serious cardiac effects, 
including heart failure and arrhythmias, requiring 
hospitalization or pacemaker implantation [163]. In 
contrast, the incidence of cardiac events in a large, 
phase III trial comparing bortezomib with dexametha-
sone for the treatment of multiple myeloma did not 
identify an excess of cardiac toxicity in the borte-
zomib-treated group and reported an incidence of 
heart failure of 2% in both treatment arms [164]. Since 
routine cardiac monitoring (e.g., echocardiography, 
electrocardiography, or clinical assessment by a car-
diologist) was not mandated in this trial, the incidence 
of cardiac toxicity due to bortezomib may be underes-
timated. Importantly, the incidence of fatigue (a non-
specific symptom of cardiac failure) was significantly 
greater in the bortezomib-treated group despite a 
superior objective anticancer response compared with 
dexamethasone. Thus, the clinical significance of car-
diac toxicity due to bortezomib remains unclear and 
will only be resolved with a prospective study with 
close cardiac monitoring.

Cardiac toxicity due to bortezomib and other prote-
osome inhibitors is mechanistically plausible. The ubiq-
uitin-proteasome system is crucial for the proper 
regulation of protein degradation within cardiomyo-
cytes, and abnormalities in the proteasomal pathways 
and accumulation of damaged proteins are well recog-
nized in several forms of cardiac failure [164]. In addi-
tion, a number of pre-clinical studies have linked 
proteosome inhibition with impaired protein quality 
control in the vascular endothelium, leading to acceler-
ated atherosclerotic lesion formation [165, 166]. While 
the clinical significance of these findings is being 
explored, patients being treated with bortezomib who 
have preexisting heart disease or significant atheroscle-
rotic risk factors should be closely monitored and receive 
therapies designed to reduce their cardiovascular risk.

9.12.2  Thalidomide

Thalidomide, though most well known for its terato-
genic effects, is currently in use for treatment of 
many solid organ and hematological cancers, 

particularly multiple myeloma. Thalidomide is an 
antiangiogeneic therapy that inhibits TNFa and mod-
ulates the immune system [167]. It has been linked 
with high incidences of deep venous thrombosis – up 
to 58% of patients experience an event in some drug 
combinations. More commonly reported incidences 
range from 12% to 20% [95]. Lower extremity throm-
bosis and pulmonary embolism are the most common 
manifestations, but cerebral venous sinus thrombo-
sis, unstable angina, myocardial infarction, and 
stroke have also been reported [167]. Possible mech-
anisms of this adverse effect include inhibition of 
Cox2, overstimulation of immune response, and 
modulation of adhesion molecules [95]. Thalidomide 
acts directly on vascular endothelial cells, particu-
larly those that have been previously damaged [167]. 
A structural analog of thalidomide, lenalidomide, is 
associated with similar toxicity. Both drugs are rec-
ommended to be used with prophylactic anticoagu-
lant therapies [95].

9.12.3  Interferon-a

High-dose interferon is used to treat cutaneous mela-
noma and other malignancies [168]. Two studies (one 
of Kaposi’s sarcoma patients and one of chronic myel-
ogenous leukemia) both revealed increased rates of 
cardiomyopathy associated with interferon therapy 
[88]. The most common adverse effects reported are 
transient hypotension, atrial extrasystoles, and sup-
traventricular arrhythmias, but lethal arrhythmias, 
myocardial infarction, and dilated cardiomyopathy 
have also been described [168]. Reported incidence of 
arrhythmias is up to 20% [54], but incidence of other 
cardiac effects may be underreported due to similarity 
of symptoms with more common interferon side 
effects [88].

Pathology of interferon-treated myocardium 
shows no myocyte necrosis or anticardiac antibodies, 
with ultrastructural findings of endothelial tubulore-
ticular structures (this is an interferon signature) [88]. 
Interferon may damage endothelial cells, thicken 
capillary walls, and induce deposition of immune 
complexes. An inflammatory mechanism has been 
proposed to play a role in interferon cardiomyopathy 
[88, 168]. The most effective treatment of cardiac 
complications is discontinuation of interferon ther-
apy [88].
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9.12.4  Arsenic Trioxide

Arsenic trioxide is an effective treatment for relapsed 
or refractory acute promyelocytic leukemia, but it can 
cause cardiotoxicity usually manifesting as QT pro-
longation [169]. Arsenic prolongs action potential 
duration in the heart, which can also lead to tachyar-
rhythmias or sudden death [170]. Patients can also 
develop torsades de pointes or vascular leak syndrome 
[171]. The toxicity profile in children is similar to that 
in adults [171], with up to 63% of patients experi-
encing QT prolongation [54]. Risk factors for 
development of conduction abnormalities include 
hypomagnesaemia, hypokalemia, and hypocalcaemia 
[171]. Prior chemotherapy-induced cardiac damage 
may also contribute to increased incidence of cardio-
toxicity [170]. Patients treated with arsenic who 
develop QT prolongation should be monitored for 
arrhythmias, and any electrolyte imbalances in these 
patients should be corrected before proceeding with 
therapy [172].

Possible mechanisms of arsenic cardiotoxicity 
include alterations in DNA methylation and repair, 
generation of reactive oxygen species, changes in car-
diac ion channels, and apoptosis [169]. Apoptosis has 
been observed in a cell culture model of arsenic cardio-
toxicity with caspase-3 activation, intracellular calcium 
overload, and increased reactive oxygen species [173]. 
Inhibition of caspase-3, or treatment with vitamin E or 
verapamil (both antioxidants) alleviated the apoptotic 
phenotype in this model, suggesting a possible cardio-
protective mechanism [173]. Resveratrol, an antioxi-
dant with antiapoptotic and antiarrhythmic effects, was 
also cardioprotective: concurrent treatment prevented 
QT prolongation, decreased myocardial injury, inhib-
ited production of reactive oxygen species, and reduced 
the number of apoptotic cells [169].

9.12.5  IL-2

Interleukin-2 is used at high doses to treat metastatic 
melanoma and renal cell carcinoma [174]. Hemo-
dynamic alterations including severe hypotension and 
tachyarrhythmias are frequently observed adverse 
effects of IL-2 [175]. Treatment-related deaths occur 
in only 1.5% of patients, but serious complications 
including myocardial ischemia and myocarditis have 

been reported [176]. Histopathologic analysis suggests 
a diffuse lymphocytic and eosinophilic form of myo-
carditis with myocyte necrosis [177]. Capillary leak 
syndrome, which causes vascular permeability and 
hypotension, is observed in the majority of IL-2 
patients, with vasopressor treatment required in 
30–50% [178].

Case reports of more rare cardiotoxicities include 
global myocardial dysfunction [179], regional aneu-
rysmal and dyskinetic cardiomyopathies [175], and 
acute myocardial infarction [176]. In addition to an 
inflammatory cardiomyopathy, direct myocardial tox-
icity may be due to myocardial stunning accompanied 
by excessive production of nitric oxide [175]. In an 
animal model, IL-2 treatment caused myocyte vacu-
olization, myofibrillar loss, swelling of endothelial 
cells, migration of lymphocytes into the interstitium, 
and interstitial hemorrhage and edema [180]. These 
results suggest that IL-2 activates lymphocytes that 
first attack endothelial cells, then cardiac myocytes, 
causing lesions in both cardiac vessels and the myo-
cardium itself [180].

9.13  Cardiotoxicity as a Discovery 
Platform

The value of studying cardiotoxic drugs is not limited 
to identifying the mechanisms of cardiotoxicity itself. 
Cardiotoxic effects of molecularly targeted anticancer 
therapies can shed light on the function of signaling 
pathways whose role in regulating cardiovascular 
function was previously unknown. Following such a 
discovery paradigm, researchers can discover new 
pathways that are important to the maintenance of 
adult human cardiac structure and function. Eventually 
this information may lead not just to better therapeutic 
strategies for cancer patients with cardiotoxicity, but 
also to therapies for diseases like cardiomyopathies 
and ischemic heart disease that are among the most 
common causes of death in our society.

For example, as described above, the monoclonal 
anti-ErbB2 antibody trastuzumab was found to cause 
cardiotoxic effects, particularly when combined with 
anthracyclines. This result was surprising when it first 
appeared in the clinical trial data because previously 
ErbB2 was known to be required for embryonic heart 
development, but expression was thought to be too low 
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to be relevant in the adult heart [210]. Recognition of 
trastuzumab’s cardiotoxicity led to the development of 
a conditional cardiac-specific knockout mouse model 
of ErbB2, which has a progressive dilated cardiomyo-
pathy phenotype, and these mice also are more sensi-
tive to anthracycline treatment than wild-type mice 
[181]. Pressure overload in the rat heart leads to 
decreased levels of ErbB2 signaling as hypertrophic 
responses develop into cardiomyopathy, suggesting a 
protective role of this signaling pathway [27].

Further work on these mice and their cells revealed 
an important role for ErbB2 signaling in cardiomyo-
cyte survival and mitochondrial function [182]. More 
recent functional studies have concluded that impaired 
ErbB2-neuregulin signaling does not consistently 
lead to apoptosis in vivo, but suggests an interaction 
instead with neurohormonal regulatory systems. 
Neuregulin synthesis by endothelial cells appears to 
be regulated by epinephrine, angiotensin, endothelin, 
and mechanical stress [183]. Treatment with neureg-
ulin (the ErbB ligand) prolongs survival in several 
animal models of cardiomyopathies [184]. Clinical 
trials testing the efficacy of neuregulin as a therapeu-
tic for patients with cardiomyopathy are currently 
ongoing.

The initial evidence of neuregulin-ErbB2 signaling 
as a cardioprotective pathway emerged as a result of 
the surprising finding of cardiotoxicity from the anti-
ErbB2 antibody in trastuzumab. The result is a better 
understanding of the heart itself and a new potential 
therapeutic target for cardiomyopathy in humans. 
This same paradigm can be applied to cardiotoxicity 
caused by other targeted therapies to build a more 
complete picture of cardioprotective signaling path-
ways and further our understanding of human heart 
disease.

9.14  Conclusion

Treatment of cardiovascular complications of cancer 
or cancer therapies first relies on identifying the under-
lying problem. Excluding nontreatment-related causes 
of cardiovascular damage suggests that cardiotoxicity 
of one or more agents in the patient’s treatment regi-
men is at fault. For many of these drugs, cardiac effects 
are reversible upon discontinuation of treatment, so 
this should be the first step undertaken. After 

resolving or stabilizing the cardiovascular disease, 
rechallenge with the same drug or a change in the 
treatment regimen can be considered depending on 
the circumstances.

Treatment of cardiomyopathy caused by cardiotox-
icity should begin with preventative treatments in those 
patients at greatest risk. In patients undergoing treat-
ment with potentially cardiotoxic anticancer therapy, 
we propose that such patients can be classified as stage 
A patients (at risk for heart failure) per the recently 
established guidelines for the prevention and treatment 
of heart failure from the American Heart Association/
American College of Cardiology [60] (see Fig. 9.1). 
Such guidelines recommend patients receive aggressive 
treatment for risk factors for cardiovascular disease 
including diabetes, smoking, hypertension, and hyper-
lipidemia [49]. Patients who develop asymptomatic car-
diac dysfunction (the stage B patient) should be treated 
with angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers, or beta-blockers [185, 186]. 
More aggressive drug and/or device treatments are 
reserved for patients with symptomatic cardiac dys-
function [1].

For patients with myocardial ischemia, treatment 
with calcium channel blockers or nitrates can be help-
ful. Prophylactic vasodilators are sometimes used 
when rechallenging with a drug that produced isch-
emia, but may not always be effective [187]. It can be 
especially challenging to treat acute myocardial 
infarctions in cancer patients, since many cancer 
therapies cause a high rate of adverse effects like 
thrombocytopenia that significantly complicate or 
prevent use of typical therapies [142]. Aspirin ther-
apy does provide a substantial survival benefit, even 
in patients with thrombocytopenia, so its use is rec-
ommended in most patients with acute myocardial 
infarction [188], and statin therapy is also usually 
safe and effective in these patients [189].

For most other cardiac effects, including arrhyth-
mias, QT prolongation, hypertension, and thromboem-
bolism, there are limited specific guidelines for 
treatment in patients with cancer [190]. Caution and 
monitoring in patients with higher than average risk 
are the best ways to detect cardiovascular complica-
tions. Treatment should be undertaken as with any 
other patient, but with an awareness of the patient’s 
other disease and treatment-based toxicities in mind.

Cardiovascular diseases are a considerable worry 
for cancer survivors. As reviewed here, many cancer 
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therapies cause significant cardiotoxicity, and in some 
cases those effects may be underestimated due to the 
nature of clinical trials. Clinicians should be watchful 
for early signs or symptoms of cardiotoxicity in their 
patients. Prevention and treatment of these adverse 
effects is crucial, and more work needs to be done to 
define methods of prevention and optimize treatment 
in the specific population of cancer survivors. Research 
into the mechanisms of cardiotoxicity will help better 
identify prevention strategies, as well as enhancing our 
scientific knowledge of how these drugs work.
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In 2005, Bucaneve et al. reported the results of a rand-
omized placebo-controlled double-blind trial showing 
that prophylactic levofloxacin given to cancer patients 
with chemotherapy-induced neutropenia significantly 
decreased the rate of febrile episodes [1]. However, 
mortality was not affected, and the long-term eco-
logical impact of levofloxacin prophylaxis was not 
assessed [1]. Over the following years, many studies 
assessed the impact of antibiotic selection pressure on 
microbial ecology. In a prospective study done in a 
hematology unit, routine levofloxacin prophylaxis was 
associated with increases in the rates of enterococci, 
Streptococcus viridans, and Pseudomonas aeruginosa 
[2]. Another study also found an increase in S. viri-
dans with levofloxacin prophylaxis [3]. These changes 
in bacterial ecology did not affect mortality rates. In 
several studies, the implementation of routine levo-
floxacin prophylaxis was followed by increases in the 
incidence of fluoroquinolone-resistant gram-negative 
bacterial strains [4, 5]. Interestingly, these changes had 
no impact on the incidence of gram-negative infec-
tions in the treated population. Other studies found no 
impact on bacterial ecology. In patients with febrile 
neutropenia compared to a retrospective cohort in the 
USA, levofloxacin prophylaxis decreased the rate of 
gram-negative bacteremia without affecting the rate 
of gram-positive bacteremia [6]. Neither mortality 
nor rates of resistance to antibiotics were significantly 
affected [6].

Studies of emerging resistant strains and antibiotic 
cycling have supplied useful information. In a pro-
spective cohort of 388 patients in a surgical intensive 
care unit (ICU), cycling from cefpirome to piperacil-
lin-tazobactam to finally levofloxacin, each molecule 
used for 4 months, failed to control the emergence of 
resistant gram-negative strains [7]. In 13 ICUs, selec-
tive gastrointestinal tract decontamination, including 
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cefotaxime, 4 g/day intravenously for 4 consecutive 
days, was associated with a significant increase in 
resistant strains recovered from the respiratory tract 
[8]. Adding metronidazole to ciprofloxacin-flucon-
azole for selective gastrointestinal decontamination in 
patients undergoing allogeneic bone marrow trans-
plantation increased the rate of fungal gastrointestinal 
colonization but not the rate of invasive fungal infec-
tions [9]. We will not discuss the efficacy of selective 
gastrointestinal decontamination, which remains 
highly controversial in some patient populations. The 
reader is referred to the abundant literature on the 
topic.

Prophylactic antibiotic therapy affects bacterial 
ecology not only at the level of patient populations, but 
also at the level of hospital departments. Similar 
changes have been found in response to prophylactic 
antifungal treatment. Pooled data from two large stud-
ies of prophylactic posaconazole, itraconazole, or flu-
conazole in allogeneic BMT recipients or patients with 
acute myelogenous leukemia showed that the number 
of cultures positive for Candida albicans decreased 
with all three drugs [10]. In contrast, C. glabrata-pos-
itive cultures increased significantly with posaconazole 
and itraconazole therapy, and C. krusei-positive cul-
tures increased significantly with fluconazole therapy. 
However, the rate of invasive fungal infection during 
prophylactic antifungal therapy was extremely low 
(about 1%). Other studies also found evidence of  
C. glabrata emergence during fluconazole therapy 
[11]. On the opposite, a study performed in Sweden to 
assess curative-dose fluconazole in patients with acute 
leukemia found a significant decrease in invasive fun-
gal infections with no emergence of non-albicans 
Candida strains but with an increase in gram-positive 
bacterial infections [12]. No relation was found 
between fluconazole use over an 11-year period (1994–
2004) and the ratio of albicans/non-albicans Candida 
strains in a university hospital, despite a high level of 
fluconazole consumption (defined daily doses,  
5,013–6,807/100,000 patient-days [13]).

Conflicting data have also been obtained in ICUs. 
Over a 2-year period, fluconazole prophylaxis was 
associated with a significant decrease in invasive fungal 
infections but had no impact on mortality [14]. The 
flora was not extensively studied, and the potential 
impact of fluconazole use on fungal ecology was not 
assessed. A 2006 systematic review and meta-analysis 
of randomized controlled trials of fluconazole or 

ketoconazole prophylaxis in non-neutropenic ICU 
patients identified 12 trials [15,16]. Invasive infections 
decreased, and no significant increase in resistant strains 
was noted. However, the authors pointed out that the 
trials were not adequately powered to rule out an 
increase in resistant strains [15,16]. Another metaanal-
ysis published 1 year earlier also found that antifungal 
prophylaxis was effective without increasing the pro-
portion of resistant strains [17]. Thus, the potential 
impact of antifungal prophylaxis on fungal ecology 
remains unclear. The many studies published in recent 
years produced somewhat conflicting data [18–20].

In addition to the selection of resistant strains, 
infection prophylaxis may promote the occurrence of 
opportunistic infections by selecting rare pathogens 
resistant to the prophylactic agents used. For instance, 
posaconazole prophylaxis of fungal infections in 
high-risk patients has been associated with the emer-
gence of  zygomycosis [21–23] and Scedosporium 
infections [24].

The last few years have witnessed profound changes 
in our medical practice. Advances in the management 
of many diseases have led to the emergence of high-
risk patient populations. Thus, intensive chemotherapy 
regimens and aggressive supportive care generate 
immune system impairments associated with a high 
risk of infection. Prophylactic interventions targeting 
bacterial and fungal infections seem reasonable in 
these patients. Several studies have highlighted a num-
ber of important points. First, long-term effects must 
be assessed in uniform patient populations. Second, 
although some studies found increased resistance rates 
after prophylactic therapy, with no impact on mortal-
ity, most studies were not designed to assess changes 
in resistance rates. Finally, the body of available evi-
dence indicates that antibacterial or antifungal prophy-
lactic therapy modifies the microbial ecology, thereby 
leading to the emergence of new risks. A crucial point 
is to weigh the benefits – often measured as decreases 
in infection rates or, preferably, in mortality rates – 
against the rate and severity of new infectious compli-
cations. In available studies, the amount of detail on 
the expected benefits contrasts with the uncertainty 
surrounding the risks, as designing studies to assess 
risks is challenging. Infection prophylaxis has consid-
erably benefited the management of high-risk patients. 
However, we will be able to assess the risk/benefit ratio 
only when detailed information on the long-term 
impact of infection prophylaxis becomes available.
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11.1  Introduction

Acute respiratory failure (ARF) in cancer patients is a 
major cause of morbidity and mortality. The number of 
cancer patients managed for ARF has increased with 
the prevalence of cancer and use of bone marrow trans-
plantation (BMT) [1]. Identifying the cause of ARF 
improves patient outcomes [2, 3]. Many causes of ARF 
exist in cancer patients, and several causes may be 
present in the same patient, raising diagnostic chal-
lenges. The type of immune deficiency affects the risk 
of specific pulmonary complications and varies with 
the type of malignancy and cytotoxic drug exposure, 
which are therefore useful for guiding the diagnostic 
strategy [4]. This point is particularly important for 
diagnosing infections. Cancer chemotherapy severely 
affects the components of both humoral and cellular 
immunity, including monocytes/macrophages, neutro-
phils, the complement cascade, immunoglobulin pro-
duction, and T lymphocytes. The risk of infection is 
particularly high when neutropenia develops as a result 
of cytotoxic chemotherapy or of bone marrow involve-
ment by a hematological malignancy. B-lymphocyte 
dysfunction due to chemotherapy, bone marrow trans-
plantation, or lymphoproliferative disorders is associ-
ated with bacterial infections, whereas T-lymphocyte 
dysfunction or steroid therapy is associated with viral 
and fungal infections and with infections due to intra-
cellular bacteria.

This chapter reviews the diagnosis of infectious and 
noninfectious causes of ARF in cancer patients.
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11.2  Risk Factors for Acute 
Respiratory Failure

11.2.1  Neutropenia

Neutropenia related to myelosuppressive chemother-
apy or the disease itself is a major risk factor for lung 
infections in immunocompromised patients. As the 
leukocyte count decreases, the risk of infection 
increases. Neutrophils are involved in the phagocyto-
sis of microorganisms, and neutropenia is therefore 
chiefly associated with infections by extracellular 
 pyogenic bacteria and fungi [5]. Common culprits 
in patients with ARF and fever during the phase 
of  neutropenia include Streptococcus pneumoniae, 
Streptococcus viridans, Staphylococcus aureus, 
Pseudomonas aeruginosa, Klebsiella spp., and 
Escherichia coli. The risk of bacterial infection is 
highest early in the neutropenic phase. Fungal lung 
infections (Aspergillus sp., Fusarium, and Candida 
spp.) are more common after a prolonged period of 
neutropenia and in patients with complex immune 
deficiencies (e.g., allogeneic BMT or exposure to the 
new targeted chemotherapeutic agents such as anti-
CD52 antibodies).

11.2.2  Deficiencies in Cellular  
and Humoral Immunity

The B-lymphocytes, which are antibody-secreting 
plasma cells, are the main immune cells affected in lym-
phoproliferative disorders and after immunosuppressive 
therapy or allogeneic BMT. B-lymphocyte impairments 
cause deficiencies in humoral immunity that may  
lead to lung infections because of S. pneumoniae or  
gram-negative organisms.

Cellular immunity is mediated by the T-lymphocytes. 
Cellular immunity is impaired in patients with lym-
phoproliferative disorders, those taking cancer chemo-
therapeutic agents or steroids, and after BMT. Patients 
with T-cell dysfunction are susceptible to unusual 
pathogens such as viruses, protozoa (Toxoplasma gon-
dii), fungi (Aspergillus spp., P. jirovecii, Candida spp.), 
and bacteria (Legionella pneumophila, Nocardia aster-
oides, Listeria monocytogenes and mycobacteria).

11.2.3  Allogeneic Bone Marrow and Stem 
Cell Transplantation

After BMT, specific complications tend to occur within 
well-defined time periods, which facilitates the diag-
nosis. In general, three periods are defined after allo-
geneic BMT or stem cell transplantation: the 
preengraftment phase, the postengraftment phase, and 
the late posttransplantation phase. ARF is more com-
mon after allogeneic BMT than after autologous trans-
plantation. Allogeneic BMT requires conditioning 
followed by chronic treatment with several immuno-
suppressive agents to prevent or treat graft-versus-host 
disease (GVHD). Furthermore, GVHD causes immune 
system impairments by affecting the mucosal surfaces 
and reticuloendothelial system. In addition, several 
noninfectious causes of ARF are related to GHVD, 
such as idiopathic pneumonia syndrome, chronic air-
way disease, bronchiolitis obliterans, and the engraft-
ment syndrome. After both allogeneic and autologous 
BMT or stem-cell transplantation, rapid immune sys-
tem reconstitution may promote the development of 
inflammatory pulmonary complications.

Severe immune dysfunction is present following 
BMT. The profound neutropenia related to high-dose 
cytotoxic chemotherapy and total body irradiation lasts 
2–4 weeks, and the deficiency in humoral immunity 
lasts 6 months. During this period, 30% of patients 
require ICU admission for life-threatening ARF, which 
is often due to noninfectious diseases.

During the preengraftment phase after allogeneic 
BMT, i.e., for the first 2–4 weeks after the condition-
ing regimen, severe neutropenia may promote the 
development of lung infections due to extracellular 
bacteria and opportunistic fungi. Aspergillus spp. is 
the most common cause of fungal infections at this 
phase, whereas Fusarium spp., Cryptococcus neofor-
mans, Candida spp., and Mucormycosis are less com-
mon. Other major pulmonary complications during 
these first 4 weeks include diffuse alveolar hemor-
rhage, pulmonary edema, and drug-related pulmonary 
toxicity.

The postengraftment phase covers the second and 
third months after allogeneic BMT. During this period, 
the neutrophil count begins to increase, but major 
deficiencies in cellular and humoral immunity persist. 
Initially, donor lymphocytes may convey passive 
T-cell immunity, which is partially effective for 
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approximately 2 months. Host lymphocytes that sur-
vive radiation therapy and chemotherapy may also 
provide limited cellular immunity during this period. 
The immune system impairments are greatest after 
native immunity and passive donor immunity are lost 
and before immune function is restored by the trans-
planted marrow. GVHD further increases the immune 
deficiencies and delays the recovery of normal immune 
function. At this phase, cytomegalovirus (CMV) is the 
most common cause of infection, followed by other 
viruses and by protozoa.

The late phase after allogeneic BMT starts after the 
third month. Recovery of cellular and humoral immu-
nity occurs gradually. During this period, chronic 
GVHD may delay the recovery of normal immune 
function. Chronic GVHD occurs in more than 30% of 
patients after allogeneic BMT and impairs intrinsic 
immunity. Both infectious and noninfectious diseases 
may occur. Encapsulated bacteria and P. jiroveci are 
the main causes of pulmonary infection, and bronchi-
olitis obliterans and organizing pneumonia may cause 
acute and chronic pulmonary dysfunction.

11.3  Bacterial Pneumonia

During the early stages of immune compromise, bac-
teria are the most common causes of lung infection 
in cancer patients. Predisposing factors include bac-
teremia, disruption of mucosal barriers, defective 
ciliary function in the tracheobronchial tree, aspira-
tion, and endotracheal intubation. Routine early 
administration of empiric broad-spectrum antibiotics 
in febrile neutropenic patients has decreased the inci-
dence of bacterial pneumonia. Bacterial pneumonia 
may occur at any time after transplantation, but is 
particularly prevalent during the preengraftment 
period characterized by profound neutropenia. 
Bacterial pneumonia develops in about 15% of 
patients after BMT. Nearly half the cases occur 
within the first 100 days after BMT and, overall, 22% 
of cases are fatal.

Patients with cancer are at increased risk for gram-
negative pneumonia. In patients who are ill or hospital-
ized, the oropharynx becomes colonized with 
gram-negative bacilli that are more virulent than the 
normal flora. Gram-negative pathogens, especially 
P. aeruginosa and K. pneumoniae, predominate in the 

first 100 days, whereas gram-positive organisms such 
as S. pneumoniae cause most of the infections seen 
later on [6]. Legionella spp. has been reported to be an 
important cause of nosocomial pneumonia in some 
centers [7, 8].

Among gram-negative organisms, Pseudomonas 
spp. is a common cause of pneumonia in neutropenic 
patients. There are increasing reports of pneumonia 
due to gram-positive microorganisms in immunocom-
promised patients, a trend that is probably ascribable 
to the widespread use of indwelling central venous 
catheters. S. pneumoniae has become more common in 
neutropenic patients and as a late infection after  
allogeneic BMT with chronic GVHD. Of growing  
concern is the rise of antibiotic-resistant strains of  
S. pneumoniae. S. viridans is increasingly common in 
leukemia patients with severe oropharyngeal mucositis 
following high-dose cytarabine therapy.

Nocardia asteroides is an opportunistic bacterium 
that occurs in patients with impaired cellular immu-
nity. Neutropenia is usually not present, but a history 
of steroid therapy is common. The nodules may be 
single or multiple, and cavitation may occur. The mass-
like infiltrate may extend to the pleura, causing a pleu-
ral effusion. N. asteroides may also involve the skin, 
brain, and meninges.

Bacterial pneumonia is commonly heralded by a 
fever, although the usual respiratory symptoms and 
signs may be absent in neutropenic hosts. The chest 
X-ray abnormalities may be subtle or absent, probably 
because of the paucity of neutrophils. In one series, 
high-resolution computed tomography revealed evi-
dence of pneumonia in more than 50% of febrile neu-
tropenic patients with normal chest X-rays [9]. 
Broad-spectrum antibiotics (with antipseudomonal 
activity) should be initiated expeditiously in all patients 
with suspected bacterial pneumonia and in febrile neu-
tropenic patients with no identified site of infection. 
There is currently no consensus on the routine use of 
prophylactic antibiotics in afebrile asymptomatic neu-
tropenic patients during the preengraftment period 
[10]. Intravenous immunoglobulin therapy may reduce 
the risk of bacterial infections in the subset of alloge-
neic BMT recipients who experience severe hypogam-
maglobulinemia during the first 100 days [10].

In nonendemic areas, tuberculosis is rare after BMT, 
with a frequency of only 0.1–0.25% in two large sur-
veys [11]. For this book, Dr. El Anazi has produced a 
comprehensive analysis of tuberculosis in patients 



126 A. Boyer and D. Gruson

with hematological malignancies. Risk factors for 
developing tuberculosis include allogeneic BMT, total 
body irradiation, and chronic GVHD [12]. Infection 
with nontuberculous mycobacteria has generally been 
uncommon among BMT recipients, except with the 
use of T cell-depleted marrow grafts [12].

11.4  Fungal Pneumonia

Pulmonary fungal infections are a major cause of death 
in immunocompromised patients. In this book, two 
chapters (by Dr. Bougnoux and Dr. Nucci) focus on 
invasive fungal pneumonia in patients with hematologi-
cal malignancies. Neutropenic patients are at risk for 
opportunistic infections with Aspergillus spp., Candida 
spp, C. neoformans, and Mucor spp. Reactivation of 
indolent infection with organisms, such as Histoplasma 
and Coccidioides, may be seen in patients with impaired 
cellular immunity. Invasive aspergillosis is among the 
most devastating complications of allogeneic BMT and 
is the most common cause of fungal pneumonia in neu-
tropenic patients. Aspergillus infection has been 
reported in up to 20% of patients after BMT. Risk fac-
tors for invasive aspergillosis include prolonged neutro-
penia, steroid therapy, broad-spectrum antibiotics, 
GVHD, and transplantation of T cell-depleted marrow.

Recipients of both allogeneic and autologous BMT 
are at increased risk for invasive aspergillosis during 
the preengraftment phase, when neutropenia is the 
main risk factor. During the postengraftment period, 
the risk of invasive aspergillosis remains high after 
allogeneic BMT. During this period, immunosuppres-
sive agents must be given and GVHD may develop. 
There has been a notable decline in preengraftment 
infections, probably because the introduction of 
hematopoietic growth factors and peripheral blood-
stem-cell donation has shortened the period of neutro-
penia. In contrast, there has been an increase in the 
frequency of postengraftment infections caused by 
Aspergillus spp. These risk factors are reported in 
detail in the chapter by Dr. Bougnoux et al.

Other causes of fungal pneumonia are far less 
common in cancer patients. Emerging fungal infec-
tions are covered in the chapter by Dr. Nucci. The 
zygomycetes, including Mucor and Rhizopus, rarely 
cause invasive fungal infections after BMT (preva-
lence of up to 2% of patients). Mucor occurs 

 occasionally in patients with neutropenia, lymphop-
roliferative disorders, and prior antibiotic therapy. 
Risk factors include severe and prolonged neutrope-
nia, steroid-treated acute or chronic GVHD, and 
severe transfusion-related iron overload. Other 
 emerging fungal pathogens that occasionally cause 
pulmonary infections include Fusarium and Scedos - 
porium spp.

Pneumocystis jiroveci, first identified as a proto-
zoan nearly 100 years ago by C. Chagas and reclassi-
fied as a fungus in 1988, is a major cause of pneumonia 
and ARF in patients with impaired cellular immunity. 
A chapter of this book focuses on P. jiroveci infec-
tion. Most cases are associated with HIV infection 
rather than with lymphoproliferative disorders, 
immunosuppressive therapy, or stem-cell transplan-
tation. P. jiroveci infection has rarely been reported 
in patients with myelodysplastic syndromes.  
P. jiroveci pneumonia is more common in patients 
with hematological malignancies compared to those 
with solid tumors. However, patients with brain 
tumors from carcinomatous lymphangitis receiving 
high-dose steroid therapy are at risk for P. jiroveci 
pneumonia.

11.5  Viral Pneumonia

Respiratory viruses can cause severe pneumonia in 
patients with hematological malignancies [13–17].  
A chapter by Dr. Schnell et al. covers pulmonary 
involvement by common respiratory viruses. Respiratory 
syncytial virus, influenza A and B viruses, and parain-
fluenza viruses are well-documented causes of severe 
respiratory morbidity and mortality, especially after 
BMT or hematopoietic stem-cell transplantation. 
Although lymphopenia is the main risk factor for viral 
pneumonia, screening for respiratory viruses should be 
incorporated into the routine diagnostic workup of 
patients with hematological malignancies until more 
clinical data become available [18]. The new multiplex 
PCR tests need further evaluation. Adenovirus infection 
is an uncommon cause of pneumonia that almost invari-
ably develops within the first 3 months after BMT.

CMV can still cause viral pneumonia after alloge-
neic BMT. For this book, Dr. Vigil and coworkers con-
tributed a very comprehensive review of CMV 
pneumonia. Although CMV pneumonia usually starts 
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50–60 days after BMT, the onset may occur at any time 
during the postengraftment phase (50–100 days after 
transplantation). After BMT, 10–40% of patients expe-
rience CMV pneumonia, which is fatal in 85% of cases. 
Among BMT recipients who are seropositive for CMV, 
70% experience CMV infection because of reactiva-
tion of latent endogenous virus; among patients who 
are seronegative for CMV, approximately 36% experi-
ence CMV infection. Risk factors for CMV pneumonia 
include seropositivity in the recipient, seropositive 
donor and seronegative recipient, older age, total body 
irradiation, severe acute GVHD, frequent blood trans-
fusions, and use of anti-rejection drugs causing T-cell 
depletion. Patients with chronic GVHD appear particu-
larly prone to late-onset CMV pneumonia.

Herpes simplex virus is a less common cause of 
viral pneumonia, affecting fewer than 5% of BMT 
patients. The infection generally occurs during the 
period of profound neutropenia within 3 weeks after 
BMT. Idiopathic interstitial pneumonia associated 
with other herpes viruses (HHV6) has been reported in 
BMT patients. This book has a chapter on herpes pneu-
monia, written by Dr. Shah and co-workers.

11.6  Noninfectious Causes of Acute 
Respiratory Failure

Noninfectious conditions have accounted for an 
increased proportion of ARF cases among cancer 
patients since the introduction of prophylactic mea-
sures against bacterial, fungal, and viral infections 
[19]. Noninfectious causes of ARF include cardiogenic 
pulmonary edema, drug-related pulmonary toxicity, 
and pulmonary alveolar proteinosis. Most of these 
complications emerge during the first 3 months after 
stem-cell transplantation. The main pathogenic mech-
anisms are activation of the inflammatory cascades and 
T-cell alloreactivity.

11.6.1  Pulmonary Edema

Hydrostatic pulmonary edema is a common early com-
plication that is related to the large amounts of intrave-
nous fluids needed to administer antibiotics, blood 

products, cytotoxic drugs (anthracyclin), and paren-
teral nutrition [20]. Noncardiogenic edema during the 
preengraftment phase after BMT is often ascribable to 
lung injury from chemotherapy or total body irradia-
tion combined with episodes of sepsis. Cardiac dys-
function and pulmonary edema may be exacerbated by 
the development of acute renal failure due to the can-
cer, drug-related tubular toxicity, or malignant cell 
lysis.

11.6.2  Pulmonary Toxicity Syndrome

This nonspecific syndrome is a manifestation of che-
motherapy-induced lung injury. Lung biopsy findings 
are consistent with drug-related pulmonary toxicity. 
Chemotherapy regimens well known to be associated 
with lung injury and ARF are those containing carmus-
tine or high-dose cyclophosphamide or methotrexate.

11.6.3  Diffuse Alveolar Hemorrhage

Diffuse alveolar hemorrhage may develop in patients 
with newly diagnosed or treated myeloblastic leuke-
mia, most notably after autologous or allogeneic BMT 
or stem-cell transplantation [21, 22]. Profound throm-
bocytopenia is common in these patients, but is not 
the cause of the bleeding, which is ascribable to 
inflammation caused by the influx of neutrophils in 
the lungs.

11.6.4  Idiopathic Pneumonia Syndrome

This idiopathic syndrome defined as diffuse lung injury 
in the absence of infection is a diagnosis of exclusion 
[23]. It may be a manifestation of pulmonary toxicity 
related to pretreatment regimens, especially conven-
tional high-dose conditioning regimens including total 
body radiation. Other risk factors are malignancy other 
than leukemia, older age, and high-grade acute GHVD. 
It is difficult to eliminate an immune-mediated injury 
because of the frequent association with GHVD. This 
fact suggests alloreactive T-cell-mediated alveolar 
injury.
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11.6.5  Graft-Versus-Host Disease

GVHD is an immune reaction resulting from minor 
incompatibilities between the donor and the recipient 
of an HLA-matched transplant. The donor T lympho-
cytes recognize the recipient’s tissue as a foreign body. 
Within the first 100 days after allogeneic BMT or stem 
cell transplantation, acute GVHD develops in 25–75% 
of patients. Acute GVHD primarily affects the skin, 
liver, and gastrointestinal tract, whereas the lungs are 
rarely involved. Chronic GHVD is more likely to cause 
ARF than is acute GHVD. In addition, infections and 
lymphoid interstitial pneumonia may cause ARF in 
patients with GVHD. Histologically, pulmonary 
GVHD may manifest as diffuse alveolar damage, lym-
phocytic interstitial pneumonia, lymphocytic bronchi-
tis, and/or bronchiolitis obliterans.

11.6.6  Bronchiolitis Obliterans

Bronchiolitis obliterans is an obstructive pulmonary dis-
order affecting the small airways. It is a late complication 
of allogeneic BMT or stem-cell transplantation 
(5–10%), and is rare in autologous transplant recipients. 
Bronchiolitis obliterans is associated with chronic GHVD. 
Although the cause of bronchiolitis obliterans remains 
unclear, an autoimmune process affecting the small 
 airways in the setting of GHVD is suspected [24–27].

11.6.7  Pulmonary Alveolar Proteinosis

Alveolar proteinosis is characterized by the deposition 
in the alveoli of a granular, extracellular, PAS-positive 
material [28]. This material is a mixture of surfactants, 
proteins, and lipids. An entire chapter is dedicated to 
this complication in the Pearl’s section, in the last part 
of this book.

11.7  Conclusion

Patients with cancer and those treated with BMT exhibit 
a variety of immunological impairments associated 
with overwhelming opportunistic lung infections, as 

well as community-acquired pneumonia. The morbid-
ity and mortality from these infections can be high. The 
organisms most likely to cause pneumonia in immuno-
compromised patients vary with the nature of the 
immunological impairment and the period during the 
course of the immune deficiency.
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12.1  Early Detection of Pneumonia

In patients with hematological malignancies, infec-
tions are associated with high mortality rates, and mor-
tality increases sharply with increasing time to 
antimicrobial treatment, even within a range of only a 
few hours [1, 2]. Therefore, early detection of foci of 
infection is crucial. Furthermore, early detection and 
treatment of infections may decrease hospital stay 
length, thereby limiting the cost of treatment. Non-
enhanced computed tomography (CT) is about 230€ in 
Germany (including the interpretation and comparison 
to previous CT scans).

Physical and laboratory findings should be used to 
determine which organ system or systems are most 
likely to be involved [3, 4]. The appropriate imaging 
technique should then be selected with the goal of 
achieving high sensitivity and a useful negative predic-
tive value [5].

The exact frequencies of organ infections in neu-
tropenic patients are difficult to determine and differ 
between evidence of microorganisms (colonization), 
clinically diagnosed infections (patients alive), and 
infections diagnosed by postmortem examination. 
Clinically, the lungs are affected in 30% of neutro-
penic patients with infection. The paranasal sinuses 
are involved in 3% of these patients overall and in 
30% of allogeneic transplant recipients (concomi-
tantly with pneumonia). The gastrointestinal tract, 
liver, spleen, central nervous system (especially after 
allogeneic transplantation), and kidneys are rarely 
affected [6].
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12.2  Imaging Techniques

12.2.1  Chest X-Ray

Chest X-ray (CXR) is widely performed when pneu-
monia is suspected or must be excluded [7]. Advantages 
of CXR include rapidity, wide availability (even on the 
ward), low cost, and low radiation dose. CXR in the 
supine position can be performed on the ward in iso-
lated neutropenic patients. A major disadvantage of 
CXR is the occurrence of superimpositions that con-
siderably limit the sensitivity of this method for detect-
ing pneumonia (Figs. 12.1 and 12.2) [8, 9]. In the 
supine position, lung inflation is limited, and no lateral 
projection can be obtained, which limits image quality, 
in addition to other technical issues. In 40 patients with 
fever of unknown origin after bone-marrow transplan-
tation, digital CXR in the supine position had only 
46% sensitivity for early pneumonia detection [10]. 
Thus, although CXR provides clinically relevant infor-
mation on central venous catheters (CVC), pleural 
effusion, and pulmonary congestion [10], it often fails 
to detect early pneumonia and to rule out pneumonia, 
two key goals in immunocompromised patients. 
Therefore, supine CXR alone is not recommended for 
early pneumonia detection in immunocompromised 
hosts [11]. Also, when an infiltrate is seen, CXR pro-
vides only limited information on its characteristics. 
Thus, when pneumonia is suspected in an immuno-
compromised patient, thin-section CT should be pre-
ferred at any time, whenever possible [12].

12.2.2  CT

After studies documented the limitations of CXR in 
patients with hematological malignancies [9], a pro-
spective study compared High resolution CT scan 
(HRCT) to CXR for early pneumonia detection in 188 
neutropenic patients who were still febrile after 48 h 
on empirical antimicrobial therapy [20]. Patients with 
normal CXR findings at this time underwent HRCT on 
the same day, which showed infiltrates in about 60% of 
cases (Fig. 12.3). During the following days, the diag-
nosis of pneumonia was confirmed by the microbio-
logical tests or CXR in approximately 50% of these 
patients (30% of the overall population). In the 40% of 
patients with normal CXR and HRCT findings at study 

Fig. 12.1 Neutropenic febrile patient receiving broad-spectrum 
antibiotic therapy. CXR was normal on day 3 of fever (a, b). HRCT 
performed on the same day demonstrated bilateral infiltrates, 
which were hidden behind the heart on the posterior-anterior pro-
jection and obscured by the spine on the lateral projection (c)

a

c

b
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inclusion, the rate of pneumonia during follow-up was 
only 10% [20]. The enrollment of both patients man-
aged using conventional chemotherapy and transplant 
recipients is a weakness of this study. Another limita-
tion is inherent in the imperfect performance of micro-
biological testing for diagnosing pneumonia [20].

In addition to detecting pneumonia, ruling out 
pneumonia is clinically useful. Therefore, the negative 
predictive value of HRCT has been assessed by deter-
mining the rate of, and time to, pneumonia documented 
by microbiological tests or CXR after a normal HRCT 

scan [20]. Pneumonia was rarely found in these patients 
and was never diagnosed within the first 5 days after a 
normal HRCT. The rare cases of pneumonia developed 
later on and were spread over the entire follow-up 
period (Fig. 12.4). In patients with infiltrates by HRCT, 
pneumonia was usually documented during the next 
5–10 days (Fig. 12.4) [20].

Thus, CT holds considerable promise as a screening 
technique for pneumonia in neutropenic patients. 
Sensitivity was 87% and negative predictive value 
88%. The discrepancies between HRCT and other 

Fig. 12.2 The small ill-defined nodule in the right upper  
lobe (c) of this 34-year-old neutropenic patient with acute myel-
ogenous leukemia was not visible on the chest X-ray, even upon 
retrospective evaluation (a, b). Amphotericin B treatment was 
started because fungal pneumonia was suspected. However, the 

nodule increased in size during neutropenia recovery 2 weeks 
later (d). To prepare for bone-marrow transplantation, the lesion 
was resected to prevent spreading. Examination of the specimen 
showed Aspergillus

a b

c d
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investigations were mainly ascribable to delayed pneu-
monia after a negative HRCT (classified as false-nega-
tive HRCT results) and to minor infiltrates detected by 
HRCT and treated immediately so that the CXR 
remained normal (classified as false-positive results). 
The additional early use of HRCT achieved the diag-
nosis of pneumonia about 5 days earlier, and a normal 
HRCT virtually excluded pneumonia during the next 

5 days [11]. Both the early diagnosis and the exclusion 
of pneumonia are valuable in immunocompromised 
patients [7].

12.2.2.1  CT Technique

The radiation dose is of limited concern in patients 
treated with total body irradiation (14,000 mGy) and 
cytotoxic agents. Current CT techniques deliver 
1–10 mSv per lung scan (in this diagnostic scenario, 
1 mSv = 1 mGy) [13, 14]. Thus, even when repeated CT 
scans are performed, the risk of radiation-induced malig-
nancy is low compared to the high mortality associated 
with the primary malignancy and infections or to the 
risk of treatment-related secondary malignancies [1].

Terms such as “incremental CT,” “high-resolution 
CT (HRCT),” “spiral CT,” “thin-section CT,” “mul-
tislice CT (MSCT),” and “low-dose CT” are widely 
used and may confuse non-radiologists. HRCT is an 
incremental scanning technique with several breath-
holds. This early technique uses thin sections (e.g., 
1 mm) separated by gaps (e.g., 10 mm), resulting in a 
representative but detailed image of the lungs. However, 
the non-contiguous scanning limits nodule detection, 
quantification, and monitoring. The volumetric tech-
niques used in spiral CT and MSCT acquire slices with 
no gaps, but they are frequently reconstructed using 
greater slice thickness (e.g., 5 mm), which are associ-
ated with spatial volume effects. This characteristic 

Follow-up after HRCT
Neutropenia + CXR normal + empir. ABx
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HRCT: infiltrate (60%)

HRCT: normal (40%)
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Fig. 12.4 Number of HRCT scans demonstrating an infiltrate 
(shaded) or no infiltrate (white) in neutropenic  patients with 
normal same-day CXR findings. The patients were receiving 
empirical antibiotic therapy (ABx). Pneumonia was diagnosed 
based on either detection of an infiltrate by CXR or evidence of 
a relevant microorganism during follow-up after HRCT. 
Pneumonia diagnosis was very rare after a normal HRCT 
(white), but was common after an HRCT demonstrating an infil-
trate (shaded)

a b

Fig. 12.3 A 45-year-old patient with acute myelogenous leuke-
mia and a history of unrelated peripheral blood stem cell trans-
plantation 6 months earlier. Contrast-enhanced CT demonstrating 

vessel erosion in a consolidating infiltrate in the left lung. An 
apposition thrombus is visible in the pulmonary artery of the left 
lower lobe. She died 2 days later from brain infarction
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limits the detection of inflammatory lung disease, 
especially ground-glass opacities [15]. Thin-section 
multislice CT (MSCT), in contrast, allows volumetric 
scanning and produces detailed images at the same 
time [16]. Thin-section MSCT is a good technique for 
monitoring lung disease, since the anatomical position 
can be accurately replicated from one scan to the next 
[16]. Given the fast pace of technological develop-
ments in the field of CT, the term “CT” is used in the 
rest of this chapter.

In general, contrast enhancement is not necessary 
for detecting and characterizing pneumonia [12, 17]. 
In specific situations, however, such as suspected pul-
monary embolism or hemoptysis (e.g., due to vessel 
erosion), CT angiography is beneficial (Fig. 12.5). In 
allogeneic transplant recipients, bronchiolitis obliter-
ans must be considered [18, 19]. To look for air trap-
ping, a sign of bronchiolitis obliterans, an additional 
expiratory CT scan is helpful [18, 19].

12.2.3  MRI

Magnetic radiography imaging (MRI) has been evalu-
ated for investigating pulmonary  disease, since it is 
known to be effective in lesion characterization [21]. 
An intraindividual comparison showed that, compared 
to CT, MRI had 95% sensitivity, 88% specificity, 95% 
positive predictive value, and 88% negative predictive 

value [22]. Apart from the absence of radiation expo-
sure (of nearly no benefit in this patient population, as 
mentioned above), MRI does not help in the early detec-
tion of pneumonia (Fig. 12.6). In patients with advanced 
pneumonia, CT and MRI perform similarly for visual-
izing the infiltrates [21]. However, CT is widely avail-
able, easier, and faster to perform, and less susceptible 
to breathing artifacts. MRI is superior over CT in detect-
ing abscesses, as central necrosis is visualized clearly 
on T2-weighted images and rim enhancement after con-
trast injection on T1-weighted images [21]. Nevertheless, 
this fact has limited clinical impact. Furthermore, MRI 
takes longer and requires a higher degree of patient 
cooperation than does CT. MRI may fail to visualize 
small lesions, and cardiac motion may limit the detec-
tion of lesions adjacent to the left ventricle [22].

12.2.4  Standard Recommendation

Identification of the causative organism is consider-
ably more challenging in patients with pneumonia than 
in those with systemic infections. Attempts to increase 
the rate of organism recovery failed to significantly 
improve patient outcomes [23]. Therefore, a widely 
used strategy in febrile immunocompromised patients 
is empirical antimicrobial therapy guided by the imag-
ing study results. However, noninvasive testing of spu-
tum, blood, and nasopharyngeal aspirates is both safe 
and effective, and can be widely used.

CT is recommended for the early detection of pneu-
monia [23]. Importantly, CT findings help to determine 
whether invasive investigations are in order and which 
sites they should target. Thus, CT is valuable for guid-
ing bronchoalveolar lavage (BAL) or lung biopsy [54]. 
Furthermore, CT excludes pneumonia with greater 
confidence than does CXR. The sequence shown in 
Fig. 12.7 can be modified if CT capabilities obviate the 
need for CXR.

12.3  Infectious Pneumonia

12.3.1  Identifying Pneumonia

Enlarging infiltrates may develop during hematologi-
cal reconstitution [24]. Caillot et al. evaluated weekly 
HRCT findings in 25 neutropenic patients with 

Probability of normal CXR & Micro p < 0.0001, ntot = 188

Time after HRCT until CXR or Micro are positive [d]

20 30

n=76

4010

60%

80%

100%
HRCT: normal

n=112
HRCT: infiltrate

Fig. 12.5 Probability of pneumonia diagnosis based on a CXR 
infiltrate or evidence of a relevant microorganism during followup 
after HRCT. Kaplan-Meier analysis for patients with normal HRCT 
scans (grey line) and patients with evidence of pneumonia on HRCT 
scans (black line). The difference was highly significant (P < 0.0001). 
Very few cases of pneumonia were diagnosed after a normal HRCT, 
and the diagnoses were usually made late after HRCT. In patients 
with infiltrates by HRCT, most pneumonia diagnoses occurred 
within 5–10 days
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surgically proven pulmonary aspergillosis [24]. They 
documented the timing of each pattern and the size of 
the infiltrates. The halo sign (Fig. 12.8) was visible in 
96% of patients on the day of diagnosis (day 0) com-
pared to only 68% on day 3 and dwindling percent-
ages later on. In contrast, cavitation and the more 
specific air-crescent sign (Fig. 12.9) increased in 
prevalence over time (from 8% on day 3 to 63% on 
day 14). Lesion volume increased fourfold from day 
0 to day 7 despite successful treatment and neutrope-
nia recovery. The increase in lesion size is probably 
ascribable to the influx of neutrophils during neutro-
penia recovery. In critically ill patients, neutropenia 
recovery has been identified as a risk factor for acute 
respiratory distress syndrome [8]. In this study [24], 

Fever >48h

CXR

CT

Folloew-up

normal

normal infiltrate

Invasive
procedure

Fig. 12.7 Guidelines issued by the Infectious Diseases Working 
Party (AGIHO) of the German Society of Haematology and 
Oncology (DGHO) [23]. Since initial CXR is of limited useful-
ness, this diagnostic step is more and more often omitted and CT 
performed initially

a

c d

b

Fig. 12.6 Fungal pneumonia. Same-day HRCT and MRI. (a) HRCT findings. (b) MRI, T2-weighted sequence. (c) MRI, non-enhanced 
T1-weighted gradient-echo sequence. (d) Post-gadolinium MRI. Lesion contrast is similar by CT and contrast-enhanced MRI
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the median time from neutropenia onset to the  
diagnosis of invasive pulmonary aspergillosis was 
19 days. In our study of early HRCT for diagnosing 
pneumonia in febrile neutropenic patients, the  
duration of neutropenia was 11 days at pneumonia 
diagnosis [20].

12.3.2  Identifying the Cause of Pneumonia

Ideally, the microorganism causing pneumonia should 
be identified. However, several days are needed to 
obtain the results of microbiological and pathological 
investigations. Furthermore, these investigations fail to 

Fig. 12.8 Neutropenic febrile patient with non-Hodgkin lym-
phoma treated with autologous peripheral blood stem-cell trans-
plantation. On day 2 after transplantation, neutropenia and fever 
occurred, prompting empirical antifungal treatment (a). Ill-
defined pulmonary nodules were detected on day 7 (b). 

Neutropenia recovery occurred on day 13 when the infiltrate size 
was greatest (c). Under continuous antifungal treatment and 
with nearly normal leukocyte counts, the halo faded, and central 
cavitation developed (d), day 33. The lesions shrank consider-
ably but did not disappear until day 108 (e)

a

e

d

b

c
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recover the organism in some patients [25]. Finally, the 
recovered organism is not necessarily the cause of the 
disease. Surface colonization may complicate the inte- 
rpretation of microbiological results, and superinfec-
tion with an additional organism occurs in about 20% 
of cases [26, 27].

Imaging study findings cannot prove the nature of 
the pulmonary disease, but may provide valuable clues 
[28, 29], of which the most useful are listed in 
Table 12.1. Optimal interpretation of these clues is par-
ticularly important, as fever of unknown origin in 
immunocompromised hosts may be related to a variety 
of diseases, whose clinical presentations may be 
closely similar. Therefore, the imaging studies should 
be read by experienced radiologists, who should work 
in close collaboration with the clinicians. Radiologists 
should be informed about patient characteristics, such 
as neutropenia, allogeneic or autologous transplanta-
tion, positive tests for viral disease in the transplant 
and recipient, and exposure to cytotoxic agents or con-
ditioning regimens (Table 12.1).

12.3.2.1  Bacterial Pneumonia

Since bacteria are responsible for approximately 
90% of infections during the early phase of 

neutropenia [27], their empirical treatment has been 
optimized in recent years. Radiological features may 
include consolidation, especially in bronchopneumo-
nia, and a positive bronchogram (Table 12.1) [29, 
30]. Ground-glass opacities are more common than 
in immunocompetent patients, but are of course not 
specific of bacterial infection.

12.3.2.2  Fungal Pneumonia

Persistent fever in neutropenic patients may indicate 
invasive fungal infection [1]. In Europe, the main caus-
ative organism is Aspergillus spp. Rarely, Candida 
spp. is shown antemortem to be a cause of pneumonia 
(Fig. 12.10) [11]. Candida isolates may merely indi-
cate surface colonization.

The typical findings of fungal and non-fungal pneu-
monia and of lung infiltrates caused by non-infectious 
diseases are detailed in a specific review [31]. 
Radiological studies may show pulmonary infiltrates, 
ill-defined nodules, and the halo sign at the earliest 
phase. Cavitation or even the air crescent sign may be 
visible later on.

For clinical and epidemiological research in neutro-
penic patients, the EORTC and BAMSO defined rec-
ommendations for interpreting radiological findings in 

Fig. 12.9 The ill-defined nodules with cavitation were detected 
by CT done to evaluate repeated brief febrile episodes (b). 
They suggested fungal pneumonia and were not visible on the 

baseline CT (a). After port resection, both pulmonary lesions 
resolved, and no further febrile episodes occurred (c)

a b c
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invasive fungal infections in 2002 [32], then issued an 
update in 2008 [33]. The new occurrence of “typical” 
CT patterns (dense, well-circumscribed lesions with or 
without a halo sign, air crescent sign) constitutes a  
criterion for fungal pneumonia (Figs. 12.9 and 12.10). 
The halo sign was first described in 1984 [34, 35]. 
Although promising observations were made in 1986, 
the halo sign is non-specific [29] and is not required in 
the 2008 EORTC recommendations [33]. A non-specific 

infiltrate was considered a minor criterion in the 2002 
recommendations [32], but was dropped in 2008 [33]. 
In a study of baseline CT findings in 235 patients with 
invasive pulmonary aspergillosis who were enrolled in 
a trial of antifungal treatment, presence of the halo 
sign (143 patients) was associated with a higher 
response rate (52% vs. 29%; P < 0.001) and with a 
higher 3-month survival rate (71% vs. 53%; P < 0.01), 
compared to the 79 patients without a halo sign [36]. 

Diagnosis Clinical setting Radiological appearance

Infection bacterial Early phase neutropenia Consolidation, bronchopneumonia positive 
pneumobronchogram, GGO

Fungal Prolonged neutropenia Halo = ill-defined nodules (early phase)consolida-
tions, negative pneumobronchogram

(>10 days)
Air crescent sign/cavitation (late phase)

Pneumocystis Allogeneic transplantation GGO, sparing of the subpleural space

Intralobular septa (late phase)

Tuberculosis Various Small, ill-defined nodules/cavitations, tree-in-bud, 
homogeneous consolidation

Viral Transplantation GGO – mosaic pattern

history in graft or host

Graft versus host Allogeneic transplantation GGO – mosaic pattern

Intralobular septa become visible

Tree-in-bud

Air trapping (expiratory CT)

Radiation toxicity Total body irradiation GGO – paramediastinal distribution, also after TBI

Intralobular septa become visible

Drug toxicity Bleomycin, methotrexate, cytarabine, 
carmustine, etc.

GGO – mosaic pattern

Intralobular septa become visible

Peripheral consolidations of secondary lobule

Traction bronchiectasis

Pulmonary congestion Extensive hydration, renal impair-
ment, hypoproteinosis

GGO

Interlobular septa become visible

Leukemic infiltration Chronic leukemic infiltration Bronchovascular bundle thickening

Interlobular septa become visible

GGO

Pulmonary hemorrhage Thrombocytopenia, intervention, 
hemoptysis

GGO

Sedimentation phenomenon

Table 12.1 Clinical and radiological appearance in various infectious and non-infectious lung diseases in neutropenic patients and 
bone marrow or stem cell transplant recipients

GGO ground-glass opacity, TBI total body irradiation
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Major limitations of this study include the use of thick-
section CT instead of thin-section CT and the evalua-
tion of hard copies instead of monitor reading [35]. In 
a study of 31 patients with hematological malignancies 
and suspected invasive pulmonary aspergillosis based 
on highly suggestive CT findings, open lung biopsy 
confirmed this diagnosis in only 17 (53%) patients 
[37]. The halo sign may be seen in patients with cryp-
togenic organizing pneumonia (COP, formerly known 
as bronchiolitis obliterans organizing pneumonia, 
BOOP), pulmonary hemorrhage, pulmonary involve-
ment by the malignancy, and other infections (e.g., 
cytomegalovirus, tuberculosis, abscesses, and Candida) 
(Figs. 12.9 and 12.10) [37]. In sum, the halo sign sug-
gests fungal pneumonia in neutropenic patients, but is 
not specific. Further diagnostic investigations are 
therefore in order, particularly when there is no 
response to antifungal treatment.

The air-crescent sign and cavitation develop con-
comitantly with hematological reconstitution during 
the late phase of fungal pneumonia [37]. Thus, both 
findings are associated with a good prognosis. However, 
they lack specificity, and differential diagnoses should 
be considered (Figs. 12.9 and 12.10) [38]. Another 
useful clue to fungal pneumonia is the feeding vessel 
sign characterized by lesion distribution along the 
bronchovascular bundle.

Advances in the field of antifungal drugs have 
affected the radiological appearance of fungal pneu-
monia. Mycetomas are rare with prophylactic or early 
antifungal treatment. In the near future radiologists 
will strive not only to determine whether the findings 
suggest fungal pneumonia, but also whether they sug-
gest non-Aspergillus fungal pneumonia.

12.3.2.3  Pneumocystis Jiroveci Pneumonia (Pcp)

Pneumocystis jiroveci pneumonia (PcP) is not a typical 
event in patients with hematological malignancies other 
than lymphoproliferative disorders, except when high-
dose or prolonged immunosuppressive therapy is used, 
most notably in allogeneic transplant recipients with 
chronic graft-versus-host disease [39–43, 54]. With stan-
dard trimethoprim/sulfamethoxazole prophylaxis, PcP 
may develop in about 8% of patients [43]. Prophylaxis is 
highly effective. In patients with hematological malig-
nancies and PcP, mortality is 4–15% overall and up to 
50% in the subset requiring ICU admission [43].

CT is valuable for differentiating PcP from pneumo-
nia due to other organisms [12, 17, 28, 29]. A combina-
tion of ground-glass opacities and intralobular septa 
sparing the subpleural space (i.e., in a perihilar distri-
bution) is very typical for PcP (Fig. 12.11) [29, 44].

Fig. 12.10 Bilateral ill-defined nodules suggested a fungal 
infection (a, b), and antifungal treatment was given. Candida 
spp. Was identified in blood cultures and suspected as a cause of 
pneumonia. The small lesions developed into cavitations upon 
haematological reconstitution (c) then decreased in size (d). 

Liver enzyme levels increased, suggesting hepatosplenic can-
didiasis related to the candidemia. Contrast-enhanced CT 
showed liver lesions (e), which were biopsied. Candida spp. was 
found in the biopsy specimens (f)

a b c

d e f



14112 Contribution of Radiology in Patients with Hematological Malignancies and Pulmonary Involvement  

12.3.2.4  Tuberculosis

Tuberculosis is a rare but relevant differential diagno-
sis in patients with hematological malignancies and 
suspected pneumonia [54]. The features of tuberculo-
sis differ between immunocompromised patients and 
immunocompetent patients (e.g., primary gangliopul-
monary disease) [45]. Immunocompromised patients 
tend to suffer greater lymphogenic and hematogenous 
dissemination, which may lead to a fulminant clinical 
course [45, 46]. Furthermore, tuberculosis may mimic 
or occur concomitantly with other infections such as 
pulmonary aspergillosis or systemic candidiasis [46].

In immunocompromised hosts, segmental bronchial 
spread (resulting in the “tree-in-bud” sign) of small, 
sometimes cavitated, ill-defined nodules may be seen, 
as well as military shadows [45, 46]. Primary ganglio-
pulmonary involvement may be seen as heterogeneous 
consolidation and necrotic mediastinal and hilar 
lymphadenopathy [45].

12.3.2.5  Viral Pneumonia

Interstitial pneumonia in neutropenic patients and, 
most notably, after neutropenia recovery is frequently 
caused by a viral infection. Common culprits are cyto-
megalovirus, herpes viruses, influenza, parainfluenza, 
adenovirus, and respiratory syncytial viruses. There 
are no useful radiological patterns for differentiating 
the various forms of viral pneumonia. However, even a 
suspicion of viral pneumonia is very valuable informa-
tion for the radiologist. Appropriate drug regimens are 
available for many of the causative viruses. The typical 
appearance of early-stage viral pneumonia is ground-
glass opacification [29] and a mosaic pattern with 
affected and non-affected secondary lobules lying 
adjacent to one another (Fig. 12.12).

12.4  Non-infectious Pulmonary Disease

Several non-infectious diseases may affect the lungs in 
patients with hematological malignancies, such as 
graft-versus-host disease (GvHD), radiation toxicity, 
drug toxicity, pulmonary congestion, and bleeding. A 
fever may be related to the malignancy. For instance, 
in GvHD, the treatment of non-infectious infiltrates 
differs from that of infectious infiltrates. Thus, differ-
entiating GvHD and infection is very helpful for 

Fig. 12.11 Bilateral pneumonia caused by Pneumocystis jiroveci 
(PcP) at different stages of immunosuppression. The subpleural 
space is typically spared. Diffuse ground-glass opacities typically 
appear at the early phase of infection (a), while consolidations 
appear when the disease runs a fulminant course (b). Intralobular 
linear densities predominate in later stage or treated PcP (c)

a

b

c
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clinicians. CT can assist in detecting and characteriz-
ing non-infectious pulmonary diseases [12, 28].

12.4.1  Graft-Versus-Host Disease

Pulmonary manifestations of chronic GvHD occur in 
approximately 10% of allogeneic transplant recipients, 
usually about 9 months after the procedure (Fig. 12.13) 
[47] Bronchiolitis obliterans is among the pulmonary 
complications of GvHD [18, 54]. Unfortunately, the 
radiological appearance is similar to that of viral pneumo-
nia, and the clinical signs are not specific. In early stage 
GvHD, pulmonary imaging may show ground-glass 
opacities and a mosaic pattern, as well as signs of bron-
chiolitis obliterans such as air trapping [18, 19] and bron-
chus wall thickening (Fig. 12.13), whereas intralobular 
septa and tree-in-bud images develop later on [47, 48].

12.4.2  Radiation Toxicity

Radiation-induced pulmonary toxicity has been 
reported in 5–25% of patients, even after total body 
irradiation for conditioning before bone marrow or 
stem cell transplantation [49]. One problem in 

diagnosing radiation toxicity is that the manifestations 
are delayed, usually by about 3 weeks but occasionally 
by several months [48, 49].

CT shows ground-glass opacities with transition to 
consolidations (Fig. 12.14) [48, 49]. The key finding is 

Fig. 12.12 Bilateral ground-glass opacities and mosaic pattern 
in two patients, A and B. However, the causative organism is 
cytomegalovirus in patient A (a) and respiratory syncytial virus 

in patient B (b). Note the mosaic pattern produced by affected 
and non-affected secondary lobules lying adjacent to one 
another

a b

Fig. 12.13 A 28-year-old male after allogeneic re-transplanta-
tion for chronic myelogenous leukemia. HRCT was performed 
on post-transplantation day 91 to evaluate a fever with a cough 
and dyspnea. Peripheral intralobular septa (arrow) and ground-
glass opacities were seen. The tree-in-bud pattern (arrowhead) 
suggests bronchiolitis obliterans. Acute GvHD was diagnosed 
by a transbronchial biopsy. The immunosuppressive treatment 
regimen was stepped up, after which the clinical symptoms and 
radiological signs disappeared. Note the similarity to Fig. 12.15



14312 Contribution of Radiology in Patients with Hematological Malignancies and Pulmonary Involvement  

that these changes are confined to the radiation field. 
During total body irradiation, the lung parenchyma is 
protected, and toxicity chiefly involves the paramedi-
astinal and apical regions. However, distortion of the 
lung parenchyma and the development of adhesions 

may blur the demarcation between exposed and non-
exposed regions.

12.4.3  Drug Toxicity

Drug-induced pulmonary toxicity is particularly com-
mon with the high doses of cytotoxic agents used for 
conditioning. Widely used agents include bleomycin, 
methotrexate, cytarabine, and carmustine (Fig. 12.15) 
[50]. Radiologists must inform themselves about the 
cytotoxic agents used in their patients.

The term “drug-induced pneumonitis” encompasses 
several disorders, of which the most common are non-
specific interstitial pneumonia and cryptogenic organiz-
ing pneumonia (COP, formerly known as bronchiolitis 
obliterans organizing pneumonia or BOOP) [50, 54]. 
The CT appearance of non-specific interstitial pneumo-
nia consists of ground-glass opacities with transition to 
consolidations, intralobular septa, traction bronchiecta-
sis, air trapping, and at a later stage the non-specific 
crazy-paving pattern [48, 50]. These findings are similar 
to those produced by radiation toxicity, but they are not 
limited to the radiation field. When lung toxicity is sus-
pected but the agent is unclear, valuable information can 
be obtained from the French website www.pneumotox.
com, which has versions in English and Spanish.

a b

Fig. 12.15 (a) A 40-year-old male given chemotherapy includ-
ing bleomycin (PEB protocol) for testicular cancer. CT was per-
formed to evaluate a fever with a cough and dyspnea. Peripheral 
intralobular septa and ground-glass opacities were seen (a). The 
known pulmonary toxicity of the bleomycin suggested drug tox-

icity, which was confirmed by an open lung biopsy. Corticosteroid 
therapy was given. The symptoms resolved and the radiological 
abnormalities decreased. Note the similarity to Fig. 12.13. (b) In 
a similar clinical setting, non-specific interstitial pneumonia in a 
patient given cytarabine for acute myelogenous leukemia

Fig. 12.14 Three weeks after local irradiation for an osteolytic 
vertebral tumor, this patient started experiencing a fever and 
dyspnea. Perihilar infiltrates appeared suddenly. HRCT showed 
intralobular septa, consolidation, and ground-glass opacities. 
The paramediastinal distribution of the infiltrates strongly sug-
gested radiation pneumonitis. After failure of antibiotic escala-
tion (given because of a concomitant abscess), corticosteroid 
therapy was added. The symptoms improved promptly and the 
infiltrates decreased
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12.4.4  Pulmonary Congestion

Pulmonary congestion is common even in younger 
patients, with contributing factors including central 
venous catheterization, extensive hydration for renal 
protection during chemotherapy, transient renal function 
impairment, and low serum protein levels. Pulmonary 
congestion is among the most common disorders in ICU 
patients with hematological malignancies. Dyspnea and 
lung infiltrates are common in patients with pulmonary 
congestion. CT shows thickening of the lymphatic ves-
sels seen as Kerley lines (Fig. 12.16).

12.4.5  Leukemic Infiltration

Leukemic pulmonary infiltration is less common. The 
perilymphatic pulmonary interstitium is predominantly 
involved [51]. CT may show thickening of the bron-
chovascular bundles and interlobular septa. Non-
lobular and non-segmental ground-glass opacities may 
be visible [28]. This pattern may mimic pulmonary 
congestion (Fig. 12.16).

12.4.6  Pulmonary Hemorrhage

In patients with pancytopenia, pulmonary bleeding may 
occur spontaneously after procedures such as broncho-
alveolar lavage or during hematological reconstitution 
after fungal pneumonia [52]. The bleeding may be focal 

or diffuse. Sedimentation within the secondary lobules 
may be visible for a few days (Fig. 12.17).

12.5  Extrapulmonary Involvement

A global clinical approach is mandatory in these high-
risk patients. Imaging can investigate liver and spleen 
for deep-seated infections (Candida, tuberculosis) or 
specific diseases (GvHD, VOD), gastrointestinal 
involvement such as infectious (CMV) or specific 
 colitis (GvHD), infectious or non-infectious brain 
involvement. Interestingly since the sinuses are part of 
the respiratory tract, sinus infection correlates with 
pneumonia [53]. Sinus infections occur in up to 30% 
of allogeneic transplant recipients. Bone erosion and 
orbital or brain invasion are classified in the 2008 
EORTC guideline as criteria for probable invasive fun-
gal disease [33].

12.6  Conclusion

Many lung complications may develop in patients with 
neutropenia, most notably after bone marrow or stem cell 
transplantation. Supine CXR is not recommended for the 
early detection of infiltrates in these patients. When pneu-
monia is suspected, early thin-section CT is advisable, 
either to identify the cause of the fever (when lesions are 
seen) or to exclude the occurrence of pneumonia over the 
next few days (when findings are normal).

Fig. 12.16 Thickening of the intralobular septa related to fluid 
overload in the lymphatic vessels

Fig. 12.17 Bilateral ground-glass opacities with an anterior-
posterior gradient [1] over the entire lung and [2] within some of 
the secondary lobules. This gravity-dependent sedimentation 
phenomenon may occur temporarily and may be localized (e.g., 
after BAL) or a sign of diffuse pulmonary bleeding
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Imaging studies may show features that strongly 
suggest the nature of the lung disease. Close coopera-
tion between clinicians and radiologists starting before 
CT scanning, together with careful image interpreta-
tion by experienced radiologists, may rapidly provide 
the etiological diagnosis.
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13.1  Introduction

With the expanding use of immunosuppression (e.g., 
hematopoietic stem cell transplantation and high-dose 
chemotherapy for aggressive malignancies), respira-
tory and critical care physicians are increasingly pro-
viding care to immunocompromised patients. In 
patients with hematological malignancies, several con-
ditions can cause immunodeficiency, including the 
malignancy itself (e.g., leukemia or lymphoma); che-
motherapy within the last 3 months; long-term corti-
costeroid therapy (i.e., ³20 mg/day prednisone for ³2 
months); high-dose corticosteroid therapy (³60 mg/
day prednisone for ³2 weeks within the last 3 months); 
bone marrow or stem cell transplantation; and use of 
immunosuppressive drugs. The clinical presentation of 
immunocompromised patients with lung infiltrates 
seems nonspecific. Symptoms consist of shortness of 
breath, a cough, fever, and, in many cases, progressive 
hypoxemia. In patients with known immunosuppres-
sion, an opportunistic infection is immediately sus-
pected, but many infectious and noninfectious causes 
should be considered also. Noninfectious processes 
are responsible for about 25–50% of pulmonary infil-
trates in immunocompromised patients [1, 2]. The 
radiological changes caused by opportunistic infec-
tions may be difficult to distinguish from malignant 
lung infiltration, heart failure, or cancer chemotherapy 
toxicity. Moreover, radiation therapy, graft-versus-host 
disease, acute or chronic rejection, and idiopathic pul-
monary disorders (i.e., alveolar proteinosis, diffuse 
alveolar damage, organizing pneumonia, and diffuse 
alveolar hemorrhage) may also contribute to the devel-
opment of pulmonary complications in this setting. As 
an example, in a series of patients with hematological 
malignancies and lung infiltrates assessed by open 
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lung biopsy, infections accounted for only 36% of the 
specific diagnoses, and 67% of the cases were related 
to the malignancy or to inflammatory processes [3]. 
Another retrospective series including 213 patients 
with hematological malignancies and pulmonary 
lesions found that computed tomography (CT)-guided 
percutaneous biopsy provided a specific diagnosis in 
60% of cases; the most common specific diagnoses 
were malignancy (63%) and infection (34%) [4]. In 
addition, two or more different processes may affect 
the lung simultaneously in immunocompromised 
patients. Malignancy is more often the cause of the 
pulmonary infiltrates in patients with lung lesions but 
no respiratory signs/symptoms or fever, whereas infec-
tion is more common in patients with acute leukemia, 
neutropenia, ongoing chemotherapy, or bone marrow 
transplantation.

Pulmonary infiltrates are a frequent cause of mor-
bidity and mortality in immunocompromised patients 
and remain a diagnostic challenge. In a study of HIV-
negative immunocompromised patients with pulmo-
nary infiltrates, three factors predicted mortality: 
severity of illness as measured by the APACHE II 
score, need for mechanical ventilation, and longer time 
to a specific diagnosis [5]. A greater than 5day delay in 
identifying the cause of the pulmonary infiltrates inde-
pendently increased the risk of death by more than 
threefold [5]. One hypothesis is that this effect of time-
to-diagnosis reflects the fact that noninfectious causes 
are both more severe and more difficult to diagnose. 
However, the early diagnosis of both viral and fungal 
infections has also been shown to decrease mortality 
[6]. The early etiological diagnosis of focal or diffuse 
pulmonary infiltrates can be achieved by serological 
testing (including polymerase chain reaction technolo-
gies), sputum analysis, and bronchoscopic techniques, 
including bronchoalveolar lavage (BAL). Although 
BAL is the main invasive diagnostic procedure used in 
immunocompromised patients with pulmonary infil-
trates, its diagnostic yield is only about 50% [7], and 
additional invasive procedures such as transbronchial 
biopsy (TBB), CT-guided percutaneous lung biopsy, 
or surgical lung biopsy (SLB) are often considered. 
These invasive techniques can supply tissue samples 
measuring about 1 mm to several centimeters in size, 
which may allow the identification of both infectious 
and noninfectious processes. No randomized trial 
comparing invasive and noninvasive tools has been 
performed in immunocompromised patients. In this 

population, only retrospective and prospective obser-
vational studies are available.

Pulmonary lesions in patients with hematological 
malignancies vary in their severity and etiology accord-
ing to the type of underlying malignancy, clinical pre-
sentation, and time of lung lesion discovery during the 
course of the disease. The efficacy of TBB, CT-guided 
percutaneous lung biopsy, or SLB depends largely on 
the clinical setting and radiological pattern of the pul-
monary infiltrate.

13.2  Is There Still a Place  
for Transbronchial Lung Biopsy?

As long as BAL remains the cornerstone of the diag-
nostic evaluation of immunocompromised patients 
with pulmonary involvement, the role for TBB will be 
a matter of interest because a forceps can be introduced 
through the operating channel of the bronchoscope to 
biopsy peripheral lesions or infiltrates. Several techni-
cal aspects and limitations of TBB should, however, be 
taken into account before discussing the potential of 
TBB for providing additional information in patients 
with hematological malignancies.

In patients with nodules or masses (but not diffuse 
involvement), fluoroscopy may be helpful and may 
increase the diagnostic yield of TBB provided the 
lesion is larger than 2 cm [8]. Similarly, lung CT may 
allow site-directed (but not real-time-guided) TBB, 
which is associated with an increased diagnostic yield 
(Fig. 13.1) [9]. The size of the forceps used for TBB 
has an impact, as larger forceps retrieve larger samples 
that have a higher diagnostic yield with no additional 
risk of bleeding [10]. One frequent contraindication in 
these patients is thrombocytopenia, and it is important 
to stress that TBB can be performed safely after a plate-
let transfusion [11, 12], although no specific recom-
mendations have been published. As an example, White 
and colleagues suggested that the platelet count should 
exceed 30·109/L for TBB [13]. The main complications 
of TBB are pneumothorax and bleeding, but these are 
seldom encountered [14]. More often, bronchoscopy is 
associated with a (temporary) decrease in arterial oxy-
gen tension. Therefore, bronchoscopy has been consid-
ered relatively contraindicated when, despite 
supplemental O

2
 delivery, PaO

2
 remains lower than 75 

mmHg or oxygen saturation lower than 90% [15]. 
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Oxygenation strategies maintain sufficient oxygenation 
during bronchoscopy and increase the safety of bron-
choscopy. In selected patients, bronchoscopy and BAL 
performed using Boussignac continuous positive air-
way pressure was safe, with no subsequent respiratory 
deterioration [16]. Safety is crucial since mechanical 
ventilation required by complications of BAL with 
TBB is associated with a high mortality rate that tends 
to override the expected benefit from the procedure 
[7, 11, 14].

13.2.1  TBB Increases the Diagnostic Yield 
of BAL in Non-neutropenic 
Patients

In non-neutropenic, non-HIV-infected immunocom-
promised patients, TBB has been shown to increase 
the diagnostic yield of BAL by 30% [17–20]. TBB 
may contribute to the diagnostic yield of BAL both in 
infectious processes (by allowing histopathological 
confirmation of cytomegalovirus pneumonitis or gran-
ulomatous lung diseases such as tuberculosis) and in 
noninfectious processes (by allowing histopathologi-
cal confirmation of underlying malignant infiltration, 

lymphoma, organizing pneumonia, graft-versus-host 
disease, radiation-induced pneumonitis, or diffuse 
alveolar damage).

In a retrospective study [18], only 11 of 95 immu-
nocompromised patients with hematological disorders 
had sufficient platelet counts to allow TBB, but the 
procedure was diagnostic in 7 (64%) of them. Similarly, 
a prospective study [1] of 200 immunocompromised 
patients showed that TBB was performed in only 
11 patients but was diagnostic in 6 (55%) of them, 
most of whom had their treatment changed as a result 
of the findings. In another prospective study [19], TBB 
was possible in 45 of 104 immunocompromised 
patients (46% with hematological malignancies, 60% 
receiving chemotherapy, and >75% receiving long-
term systemic corticosteroid therapy). Overall, BAL 
had a diagnostic yield of 38%. In the 45 patients who 
underwent TBB, the diagnostic yield was 44% for 
TBB and 70% for BAL plus TBB. TBB was the only 
investigation that provided the diagnosis in 28% of 
patients, of whom all but two had noninfectious infil-
trates. Pneumothorax was the most frequent complica-
tion after TBB, with a rate of 4%. In a study evaluating 
the diagnostic usefulness of adding TBB to BAL in 
immunocompromised patients with hematological 
malignancies [20], BAL performed well for diag nosing 
infections (particularly fungal infections), whereas 
combined BAL and TBB was superior over BAL 
alone for diagnosing neoplastic infiltrates and toxic 
pneumonitis.

13.2.2  TBB Does Not Increase  
the Diagnostic Yield of BAL  
in Patients with Neutropenic 
Fever or in Patients on Mechanical 
Ventilation

In a retrospective study of a population with febrile 
neutropenia (neutrophils <1,000 ×109/L), including 
80% of patients with hematological malignancies [21], 
more than 75% of all pulmonary infiltrates were attrib-
utable to infections. The diagnostic yield of BAL was 
49%, and sputum analysis increased the yield to 63%. 
TBB provided additional information in only 1% of 
patients. Thus, TBB should be considered of limited 
usefulness in neutropenic patients.

Fig. 13.1 A 47-year-old patient presented with fever and ele-
vated liver enzymes 4 months after allogeneic BMT for relaps-
ing AML. He was receiving steroids for acute GVHD (isolated 
skin involvement for 3 weeks). Liver biopsy was diagnostic of 
uncontrolled GVHD, and immunosuppressants were increased. 
CT was diagnostic of an isolated pulmonary nodule. Sputa 
examinations as well as BAL fluid analysis were negative. 
Invasive pulmonary aspergillosis was confirmed by trans-bron-
chial biopsy
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A retrospective study in mechanically ventilated 
immunocompromised patients showed that TBB was 
diagnostic in 35% of cases, but that the diagnoses (mainly 
Pneumocystis and CMV pneumonia) would also have 
been made by BAL [22]. In a small retrospective study, 
TBB performed during mechanical ventilation was diag-
nostic in only 31% of immunocompromised patients 
[23]. In mechanically ventilated patients, TBB is often 
contraindicated because of the patient’s oxygen require-
ments or of the procedure’s low sensitivity and high 
morbidity (40% pneumothorax rate) in severely hypox-
emic patients. Recent data indicate that invasive asper-
gillosis may be underestimated in immunocompromised 
ICU patients with pneumonia [24]. Early galactomannan 
detection in BAL was 88% sensitive and 87% specific 
when a cutoff of 0.5 was used, which was significantly 
better than fungal culture and/or microscopic BAL 
examination or galactomannan detection in serum [25].

13.3  Is There Still a Place for CT-Guided 
Percutaneous Lung Biopsies 
or Surgical Lung Biopsies?

13.3.1  CT-Guided Percutaneous Lung 
Biopsy

CT-guided percutaneous lung biopsy requires trans-
portation of the patient to the radiology department 
and may therefore not be the procedure of choice for 
patients with severe acute respiratory failure and/or 
mechanical ventilation with high FiO

2
 values. As with 

TBB, CT-guided percutaneous lung biopsy can be per-
formed after platelet transfusion to correct low platelet 
counts, as done in as many as 46 among 213 patients in 
a recent non-ICU study [4]. The diagnostic yield is up 
to 60%. However, pneumothorax occurred in 38.5% of 
cases and required chest tube drainage, usually on an 
ambulatory basis, a finding that deserves consideration 
as most of these patients initially had no respiratory 
signs or symptoms [4].

13.3.2  Open Lung Biopsy

Open lung biopsy is believed to be safe and reliable 
in patients with non-severe events and may be 

associated with a substantial diagnostic yield in those 
with diffuse lung disease [26]. Video-assisted thora-
coscopy is being increasingly used as an alternative 
to open thoracotomy. In the only prospective random-
ized study available to date, thoracostomy was not 
associated with lower morbidity and mortality rates 
compared to thoracotomy [27]. An open procedure is 
often preferred in patients with severe hypoxemia. 
A bedside 10-cm lateral thoracotomy can be per-
formed in patients with acute respiratory distress syn-
drome to obtain specimens 3–5 cm in size with no 
risk of death and with only a small decrease in the 
PaO

2
/FiO

2
 ratio [28].

13.3.3  CT-Guided Lung Biopsy Has a High 
Diagnostic Yield in Patients 
with Known Hematological 
Malignancies and Focal 
Pulmonary Lesions

In a retrospective study of 213 patients, CT-guided 
percutaneous biopsy provided a specific diagnosis in 
60% of patients; the most common specific diagnoses 
were malignancy (63%) and infection (34%) [4]. Most 
of these patients had no respiratory signs/symptoms or 
positive cultures from BAL or TBB specimens, but 
chest CT disclosed nodules (59%), masses (12%), cav-
itary lesions (10%), or consolidation (19%). 
Importantly, biopsies of focal lesions (mainly cavitary 
lesions or lung masses) had a higher diagnostic yield 
than biopsies of diffuse lesions. CT-guided percutane-
ous biopsy yielded a specific diagnosis in 37 (53%) of 
the 70 patients with a previous non-diagnostic BAL, 
TBB, or both (but it is unknown whether these proce-
dures were image-guided). In addition, in 14 patients 
with no specific diagnosis after CT-guided lung biopsy, 
BAL and TBB were performed and provided a specific 
diagnosis in only 4 patients, who had positive cultures 
of BAL or TBB specimens [4].

Other small retrospective studies have confirmed 
the usefulness of CT-guided transthoracic lung biopsy 
for the diagnosis of focal pulmonary lesions in patients 
with hematological malignancies. As an example, in a 
study of 24 patients with suspected pulmonary infec-
tion including 8 patients with hematological malignan-
cies [29], CT-guided needle biopsy of parenchymal 
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consolidation with or without cavitation identified one 
or more etiologic microorganisms in 19 (79.2%) 
patients.

Importantly, similar diagnostic yields have been 
reported using fluoroscopic-guided transthoracic 
biopsy, without CT [30, 31]. Thus, one possibility is 
that BAL combined with fluoroscopy-guided TBB [8] 
during the same procedure may be comparable with 
CT-guided lung biopsy for the diagnosis of focal 
lesions in patients with hematological malignancies, 
while, however, being associated with a lower risk of 
pneumothorax.

13.3.4  The Diagnostic Yield of Surgical 
Lung Biopsy (SLB) in Patients with 
Hematological Malignancies and 
Lung Infiltrates Varies with the 
Presentation

In general, SLB is considered the reference standard 
for diagnosing interstitial lung disease. Several recent 
retrospective studies reassessed the role for SLB in 
patients with hematological malignancies and lung 
infiltrates. In one of these studies, 63 patients with 
hematological malignancies underwent SLB for lung 
processes of unknown etiology [3]. A specific diagno-
sis was found in 62% of patients and led to a change in 
treatment in 57%. Survival rates after 1 and 3 months 
were also higher in patients with a specific diagnosis. 
Infections accounted for only 33% of the specific diag-
noses and malignancy or inflammatory processes for 
the remaining 67%. The authors attributed this finding 
to widespread use of preemptive, prophylactic, and 
empiric strategies, as well as to the widespread use of 
invasive bronchoscopic (and other) diagnostic tests. 
Interestingly, they also studied the relationships 
between clinical factors and achieving a specific diag-
nosis. In the seven patients on mechanical ventilation 
or with neutropenia, SLB provided no specific diagno-
sis. In addition, a specific diagnosis was less frequently 
obtained in the group with prior bronchoscopy (n = 35, 
specific diagnosis in 48%) than in the group without 
previous bronchoscopy (n = 32, specific diagnosis in 
75%). Finally, a focal radiographic pattern was associ-
ated with a higher specific diagnosis rate (n = 39; spe-
cific diagnosis in 79%) than a diffuse radiographic 

pattern (n = 28; specific diagnosis in 32%), as previ-
ously reported in similar patient populations [32, 33]. 
In another retrospective study [34], 39 immunocom-
promised patients (including 30 with hematological 
malignancies) were studied, and a clinical benefit 
defined as changes in treatment was observed in 46% 
of the patients; however, the overall mortality rate was 
high (39%).

In a retrospective study [35] in 62 patients with 
hematological malignancies or hematopoietic stem 
cell transplantation, SLB provided a specific diagno-
sis in 67% of patients and led to changes in treatment 
in 40%. The main specific diagnoses were infection 
(29%, mainly aspergillosis), malignancy (27%), and 
inflammatory conditions (11%). Mortality was lower 
in the patients who had a specific diagnosis. BAL was 
performed before SLB in 34 (54%) patients and was 
non-diagnostic in 28. Of the 13 patients on mechani-
cal ventilation, only 4 (30%) had a specific diagnosis. 
A focal radiographic pattern was not associated with 
a significantly higher specific diagnosis rate (n = 33; 
specific diagnosis in 70%) than a diffuse pattern (n = 
29; specific diagnosis in 58%). In contrast, in stem 
cell transplantation recipients with pulmonary infil-
trates, SLB findings led to treatment changes in only 
a few cases, and eight of the nine patients who 
required mechanical ventilation died [36]. Finally, 
the impact of bedside open lung biopsies on the man-
agement of mechanically ventilated immunocompro-
mised patients with acute respiratory distress 
syndrome was studied [37]. Among the 19 patients, 
10 had hematological malignancies, and most of them 
had extensive investigations including chest CT and 
bronchoscopy. SLB provided a specific diagnosis in 
13 (68%) patients and prompted major changes in 
management in 89%. However, 9 of the 13 specific 
diagnoses consisted in diffuse alveolar damage, 
which was classified among nonspecific diagnoses in 
previous studies, and 17 of the 19 patients died in the 
ICU [3, 35].

13.4  Conclusion

A prompt diagnosis seems crucial for improving the 
survival of immunocompromised patients with pul-
monary infiltrates [5, 38]. Pulmonary involvement in 
patients with hematological malignancies can be due 
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to a variety of causes, among which the most com-
mon are malignancy and infection. Early noninvasive 
tests should be performed, with or without invasive 
tests depending on the clinical presentation. Thoracic 
CT should be performed routinely before invasive 
procedures (TBB, CT-guided biopsy, or SLB), as it 
provides important diagnostic information and may 
increase the diagnostic yield of the invasive proce-
dure by improving selection of the technique and 
sampling site.

In patients with hematological malignancies who 
are selected for bronchoscopy with BAL, TBB is a 
source of additional information in up to 30% of cases 
and is best performed under fluoroscopic guidance. 
The diagnostic yield of TBB ranged from 26% to 68% 
in published studies. Routine TBB is not recommended 
in immunocompromised patients, due to safety issues 
and to uncertainty about the clinical relevance of TBB 
in some situations. In non-neutropenic patients sched-
uled for diagnostic bronchoscopy, TBB (if not con-
traindicated) should be combined with BAL in the 
initial diagnostic workup only when non-infectious 
causes of lung infiltrates are suspected, to avoid 
sequential procedures. In neutropenic patients sched-
uled for bronchoscopy, TBB should not be performed, 
as it adds little to the diagnostic yield but increases the 
complication rate.

Both CT-guided biopsy and SLB seem relatively 
safe but are clearly more invasive than BAL plus 
TBB. Their diagnostic yield is good, most notably in 
patients who have focal lesions. Studies of SLB sug-
gest that performing a bronchoscopy first may 
decrease the need for SLB [3]. Thus, the best initial 
procedure may be BAL with or without TBB under 
fluoroscopic guidance, in particular in patients with 
focal lesions.

In the ICU and in mechanically ventilated 
patients, BAL and TBB are not recommended, 
although they occasionally constitute useful alter-
natives to SLB. In this setting, TBB has a low diag-
nostic yield and can cause pneumothorax with 
potentially severe consequences. CT-guided biopsy 
should be reserved for selected patients, because it 
requires patient transportation to the radiology 
department. Last, SLB is rarely performed because 
studies clearly suggest a very low diagnostic yield 
in ICU and mechanically ventilated patients, with a 
questionable impact on the already elevated morta-
lity rate.
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14.1  Introduction

Although immunocompromised patients now have a 
better prognosis than in the past, they remain exposed 
to a variety of complications including tumors, infec-
tions, and inflammatory or immunological disorders. 
Many of these complications affect the lungs. The 
numerous treatments used by immunocompromised 
patients affect the computed tomography appearance 
of the lung lesions, thus raising diagnostic challenges. 
Percutaneous transthoracic needle biopsy is a well-
established method for achieving the cytological diag-
nosis of lung lesions that is being increasingly used to 
solve difficult diagnostic problems. In 1976, Haaga 
and Alfidi [1] reported that computed tomography 
(CT) was the most accurate method for guiding percu-
taneous needle biopsies, and, since then, many studies 
have shown that percutaneous transthoracic needle 
biopsy is effective and accurate [2–8]. Diagnostic 
accuracy was greater than 80% for benign disease and 
greater than 90% for malignant disease [2–8].

Lung biopsy indications and methods have changed 
over the years with the increased use of CT and intro-
duction of new treatments for various diseases. Lung 
biopsy is being increasingly performed. As with all 
invasive procedures, lung biopsy is associated with 
morbidity and mortality and, therefore, requires a mul-
tidisciplinary discussion to determine whether a biopsy 
is appropriate and, if so, which method is best. At least 
a pulmonologist and a radiologist with special exper-
tise in chest diseases should be involved. Factors that 
weigh heavily on the decision to perform a lung biopsy 
include the respiratory status and coagulation test 
results.

Fine-needle aspiration biopsy (FNAB) was the first 
technique used for lung biopsy. However, FNAB yields 
only cytological specimens. Core needle biopsy using 
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cutting needles of similar diameter to those used for 
FNAB yields tissue cores that can be used for histo-
logical studies. In this chapter, the term percutaneous 
transthoracic needle biopsy refers to core needle 
biopsy.

The purpose of this chapter is to describe percuta-
neous transthoracic needle biopsy and to discuss the 
risks and diagnostic performance of this method.

14.2  Acronyms

Several acronyms are used in the field of percutaneous 
biopsies, as shown in Table 14.1. Biopsies in which 
needle positioning is guided by an imaging modality 
are called image-guided needle biopsies (IGNB). Over 
time, the techniques have evolved, and the names have 
changed. In the 1980s, the only needles available on 
the market were small needles (20G or less) intended 
for aspiration. Biopsies obtained using these needles 
were called fine-needle aspiration (FNA) or fine-nee-
dle aspiration cytology (FNAC), as the specimens con-
sisted of cell suspensions that did not preserve tissue 
architecture. The diagnostic yield varied considerably 
across diseases, being fairly high for malignant epithe-
lial tumors and much lower for lymphoproliferative 
disorders and infectious diseases. In the 1990s, cutting 
needles were developed. Cutting needles are larger in 
diameter than aspiration needles, between 20 and 14G, 
and are frequently used with a co-axial introducer to 
allow multiple passes and multiple sample harvesting 
through a single biopsy track. These needles are used 
with semi-automated or automated biopsy guns to har-
vest cores of tissue (core needle biopsy, CNB) that pre-
serve tissue architecture and contain a far larger number 

of cells than do aspiration samples. At the chest, percu-
taneous biopsies performed using fine-needle aspira-
tion are called transthoracic needle aspiration biopsies 
(TTNAB or TNAB), and those performed using cut-
ting needles are known as transthoracic needle biop-
sies (TNB). When comparing results published in the 
literature, the reader must be aware of these subtle dif-
ferences, which may account in part for the discrepan-
cies in diagnostic yields and complication rates. 
Indeed, the needle diameter and the number of passes 
probably play an important role in both, as discussed 
later. As indicated above, the term percutaneous transt-
horacic needle biopsy refers to core needle biopsy in 
this chapter.

14.3  Techniques

14.3.1  Preoperative Investigations

14.3.1.1 Coagulation Indices

Guidelines about routine clotting studies before per-
forming percutaneous lung biopsy recommend that 
the platelet count, prothrombin time (PT), and acti-
vated partial thromboplastin time (APTT) be 
checked [9]. Opinion in the world literature suggests 
that a PT reported as the international normalized 
ratio (INR) or an APTT ratio greater than 1.4, or a 
platelet count below 100,000/mL may be relative 
contraindications to percutaneous lung biopsy 
(Fig. 14.1) [10]. Oral anticoagulation should be 
stopped before the procedure, and, depending on the 
risk of thrombosis associated with the condition 
warranting anticoagulant therapy, the INR can be 
measured and, if necessary, heparin instituted once 
the INR falls below the therapeutic range. There is 
no evidence to support withholding antiplatelet 
drugs before the procedure.

14.3.1.2  Pulmonary Function

The FEV1 cutoff below which percutaneous transtho-
racic needle biopsy lung biopsy is contraindicated has 
not been specified. Most practicing physicians and 
radiologists use a FEV1 cutoff of 1 L.

Acronyms Legend

TNB Thoracic needle biopsy

IGNB Image-guided needle biopsy

FNAB Fine-needle aspiration biopsy

FNAC Fine-needle aspiration cytology

PNAB Percutaneous needle aspiration 
biopsy

CNB Core needle biopsy

Table 14.1 Abbreviations
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14.3.1.3  Computed Tomography (CT)

Obtaining a CT scan before any further intervention in 
patients believed to have lung disease has several advan-
tages. Performing CT before fiberoptic bronchoscopy 
(FOB) has been shown to increase the diagnostic yield 
of FOB by directing the bronchoscopist to the site most 
likely to give a diagnosis. CT can also show peripheral 
masses not visible by bronchoscopy and may suggest 
that histological specimens would be best obtained using 
other methods, such as percutaneous biopsy. On the con-
trary, diffuse consolidation or ground-glass opacities 
may be better investigated by noninvasive tests or bron-
choalveolar lavage (BAL) than by percutaneous biopsy.

CT scans and all previous radiological investiga-
tions should be carefully reviewed to decide whether a 

biopsy is appropriate and must be available to the radi-
ologist at the time of the biopsy. Repeat imaging should 
be performed if there has been a substantial change in 
the patient’s clinical condition or a long time between 
the last imaging studies and the biopsy. Finally, the 
localizing CT scan done at the time of the biopsy may 
show major changes that may affect the decision to 
perform a biopsy, the target, or the expected needle 
trajectory.

14.3.2  Biopsy

Lung biopsies are usually performed under CT guid-
ance. Ultrasound guidance may be used when the mass 

Fig. 14.1 CT-guided lung biopsy in a patient treated by alloge-
neic BMT for acute lymphoblastic leukemia and thought to have 
invasive lung aspergillosis. The platelet count remained below 
30,000/mm3 despite platelet transfusion. Mild alveolar hemor-

rhage (asterisk) occurred during the procedure but required no 
specific treatment. The biopsy confirmed the diagnosis of inva-
sive pulmonary aspergillosis
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is in contact with the chest wall. When the lesion is 
deep, however, the ultrasound beam is scattered as it 
passes through the aerated lung. Conversely, ultra-
sound is particularly useful for large apical lesions, 
which can be better approached from the supraclavicu-
lar area (Fig. 14.2).

The method used for imaging guidance is selected 
by the interventional radiologist based on a careful 
review of the pre-biopsy CT scan. For CT-guided pro-
cedures, patients are positioned prone, supine, or in 
lateral decubitus to ensure easy and safe access to the 
target lesion. Then, a short spiral CT acquisition of the 
region of interest is obtained. Because anatomical 
landmarks change substantially with patient position, 
this new set of images obtained in the biopsy position 
is used to determine the entry site of the needle on the 
patient’s skin and to plan the most direct and safest 

needle trajectory. The needle must avoid lung fissures, 
bullae, large airways, and large vessels (Fig. 14.3). To 
minimize the risk of pneumothorax, the needle tip 
must be kept at a distance from the pleuropulmonary 
interface (Figs. 14.3 and 14.4). Care should be taken to 
avoid the internal mammary vessels if the biopsy is 
performed via an anterior approach. For ultrasound-
guided procedures, the patient is placed in the supine, 
lateral, or prone position. The trajectory to the pulmo-
nary lesion is determined and the entry site marked on 
the skin.

Percutaneous transthoracic needle biopsy of the 
lung should be performed using standard universal pre-
cautions. Protective gloves should be worn. The entry 
site is cleaned and sterilely draped, and a 1% lidocaine 
solution is administered for local anesthesia. A co-axial 
technique should be used for both CT and ultrasound 

Fig. 14.2 Ultrasound-guided biopsy in a 65-year-old patient with 
lymphoma. Ultrasonography allowed real-time control of needle 
progression near the right subclavian vessel (in red with color 

Doppler, image c) and right carotid (arrows, images a and c). 
Image b shows pleural extension of the lymphoma
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guidance to allow multiple passes and to minimize the 
number of pleural punctures [10, 11]. With ultrasound 
guidance, needle progression is monitored in real time. 
With CT, axial 3- to 6-mm-thick slices are acquired to 

monitor the needle progression toward the target. When 
appropriate positioning of the co-axial introducer is 
confirmed, a semi-automatic 18- to 20-G cutting nee-
dle is inserted. Collected samples are conditioned 
according to the clinical requirements (Fig. 14.5). This 
technique is supported by several recent studies indi-
cating that the use of 18- or 20-G cutting needles, as 
well as co-axial techniques, improve the diagnostic 
yield and achieve diagnostic accuracies of 74–95% for 
malignancies [12–14]. False-negative results for malig-
nancies may be due to a variety of factors including the 
patient’s inability to cooperate, small lesion size, over-
lying bone partly or completely masking the lesion, 
and sampling of necrotic tissue or pneumonitis distal to 
an obstructing lesion [15, 16]. The false-negative rate 
has been shown to be significantly lower with cutting 
needles than with aspiration [17]. No data are available 
on the immediate assessment of core adequacy, and 
visual inspection to confirm that the sample is adequate 
seems reasonable. However, touch preparations 
(imprints) of core biopsy specimens used to allow a 
rapid cytological evaluation may be as accurate as con-
ventional cytopathological methods [18].

Fig. 14.3 Simulation of CT-guided lung biopsy. Keeping the 
needle in the peripheral lung parenchyma avoids injury of the 
large vessels. When proximal biopsies are needed (pulmonary 
hilum), the needle trajectory should be parallel to the vessels to 
avoid injury

Fig. 14.4 CT-guided lung biopsy. The needle trajectory should 
avoid the lung fissures, and the needle tip should be kept as far 
as possible from the pleuropulmonary interface to minimize the 
risk of pneumothorax. Here, the patient was first placed in the 

prone position (a). However, the major fissure (arrows) was 
along the planned needle trajectory. The patient was placed in 
the supine position, which allowed safe performance of the 
biopsy (b)
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After the lung biopsy, patients should be monitored 
for 4–6 h for delayed side effects such as pneumotho-
rax. Simple clinical monitoring ensures the early detec-
tion of complications during the time needed for 
clotting of the needle track to occur.

14.3.3  Sample Conditioning

The referring clinician, pathologist, microbiologist, 
and interventional radiologist should work together. 
In particular, the referring clinician should discuss 
the suspected diagnoses with the interventional radi-
ologist to assist in selecting the sample conditioning 

method and to determine the priorities should the 
amount of biopsy material be limited. Optimal con-
ditioning is crucial to obtain a high diagnostic 
yield.

In all patients, at least one core biopsy should be 
fixed in a solution of acetic acid, formaldehyde, and 
alcohol (AFA solution). AFA solution fixation was 
selected based on its ability to allow high-quality 
structural analysis and its satisfactory performance 
in preliminary immunohistochemistry (IHC) stud-
ies. Although the AFA solution preserves the mem-
brane and cytoplasmic epitopes and allows a number 
of molecular biology studies, nuclear antigens are 
not well preserved. Formaldehyde solutions allow 
the full range of immunohistochemical studies but 

a

d e f

b c

Fig. 14.5 CT-guided lung biopsy in a patient with chronic lym-
phoid leukemia who developed small lung nodules. The proce-
dure started with a short CT acquisition used to localize the 
lesion and to plan the needle trajectory. Radioopaque markers 
were placed on the skin to indicate the entry site (arrow on (a)). 

Successive axial slices (b–d) were acquired to monitor needle 
progression toward the target. After the biopsy, alveolar hemor-
rhage developed (e and f). This unexpected minor complication 
plugs the needle track and prevents pneumothorax
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are not used as they produce inferior-quality struc-
tural data.

After fixation, the samples are embedded in paraf-
fin, sliced, and stained according to the underlying 
disease and suspected diagnoses (Table 14.2). IHC 
uses monoclonal antibodies to target specific anti-
gens. These antibodies are then targeted by a second-
ary antibody that is later marked with the staining 
agent. IHC provides additional structural informa-
tion, thus benefiting the diagnosis, and may help to 
select targeted treatments (e.g., rituximab to target 
CD20+ cells).

Whenever possible, one of the cores should be fro-
zen in liquid nitrogen as soon as possible after the 
biopsy. Frozen samples are highly versatile. They can 
be used for further structural analysis when the fixed 
specimens are not contributive, with good results. In 
addition, bacteria, fungi, and viruses can be reacti-
vated. Last, preservation in frozen samples of intact 
proteins and nuclear material allows cytogenetic and 
molecular biology tests.

Samples from severely immunocompromised 
patients should be placed in a sterile tube with saline 
for ancillary studies to detect pathogens.

Structural studies can provide information on 
pathogens (fungi and acid-fast bacilli). When needed, 
this information can be acquired from fresh samples. 
Fresh samples require rapid conditioning and process-
ing but allow extensive investigations for fungi, bacte-
ria, and viruses by microscopic examination and 
culture. Viral infections can be detected using molecu-
lar biology tests on either fresh samples or cell culture 
extracts, and the results should be compared to serum 
viral load.

14.3.4  Safety, Major and Minor 
Complications

Operators should routinely audit their own practice 
and calculate their complication rates to inform 
their patients before asking them to consent to the 
procedure. They should strive to achieve rates at the 
lower end of the reported range. In an international 
survey, major complications included pneumotho-
rax (20.5% of biopsies), pneumothorax requiring a 
chest drain (3.1%), hemoptysis (5.3%), and death 
(0.15%) [19].

14.3.4.1  Serious Complications

Serious complications requiring specific treatment are 
rare. They include pneumothorax requiring drainage, 
hemopericardium (Fig. 14.6), hemothorax, hemopty-
sis, and severe pain [2, 12, 20–24]. The rates of the 
main complications are reported in Table 14.3.

 Pneumothorax

Chest tube placement is required for post-procedural 
pneumothorax in 3–15% of all lung biopsies [25]. 
Most patients with pneumothorax necessitating chest 
tube drainage have lesions located less than 2 cm from 
the pleural membrane [26]. The tube can usually be 
removed within 48 h. In patients with severe pulmo-
nary destruction, due for instance to emphysema or 
graft-versus-host disease, the chest tube may need to 
be left in place for several days because of the decreased 
pulmonary compliance (Fig. 14.7).

 Bleeding

Intrapulmonary hemorrhage occurs during lung biopsy 
in 5–30% of patients and hemoptysis in 1.25–5%  
[19, 27]. Lesion depth has been identified as the most 
important risk factor for hemorrhage, with an increased 
risk of bleeding in lesions deeper than 2 cm [28]. The 
hemothorax rate is about 1.5%. Clinically significant 
hemorrhage is rare. Hemothorax may result from 
injury to an intercostal or internal thoracic artery 
(Fig. 14.8) or vein [29].

Stain Utility

Hematoxylin and eosin Basic structural diagnosis

Reticulin Fibers (sarcoma, fibrosis)

PAS (periodic acid Schiff) Pathogens

MGG (May-Grünwald-
Giemsa)

Basophilic cytoplasmic 
proteins

Pathogens (Pneumocystis)

Ziehl Acid-fast bacilli

GMS (Grocott methenamine 
silver)

Fungi

Table 14.2 Different staining available on lung specimens
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Fig. 14.6 CT-guided biopsy in an uncooperative 73-year-old 
patient. The patient moved during the procedure despite having 
previously received explanations on the risks of moving. A con-

trol image showed the needle in the pericardial sac, and a peri-
cardial effusion developed rapidly (arrows, image d). Pericardial 
drainage was successful

Risk No. of procedures Needle References

Pneumothorax (total/ 
chest tube)

23/5% 660 19G CNB [31]

62/31% 61 18G PNAB [39]

28/2.5% 162 22G PNAB [47]

26/8% 846 19G PNAB [30]

21/2% 97 19G PNAB [6]

17/2% 135 17G CNB [26]

17/0.5% 605 19G CNB [64]

Bleeding (total/hemoptysis) 30/4% 660 19G CNB [31]

–/2% 846 19G PNAB [30]

27/6% 135 17G CNB [26]

20/3.8% 604 19G CNB [64]

Vasovagal response 0.3% 846 19G PNAB [30]

Table 14.3 Major side effects reported after CT-controlled pulmonary biopsies in the literature
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 Pain

Pain is a rare complication (0.3% of the patients) 
that may occur in the absence of a specific injury, 
despite careful local anesthesia. Pain may be accom-
panied by vasovagal syncope, a drop in arterial oxy-
gen saturation, or hypotension. These manifestations 
usually resolve spontaneously. However, acute pain 
during lung biopsy mandates close monitoring of 
the patient for evidence of a serious complication. 
After the procedure, patients are in general moni-
tored in the emergency room for a few hours, after 
which they are discharged if no adverse events have 
occurred (Fig. 14.9).

14.3.4.2  Minor Complications

Minor complications occur in 30–60% of lung biop-
sies. Among these asymptomatic biopsy-related 
events, the most common are small pneumothorax 
(17–60%) and alveolar hemorrhage (5–30%) [26]. 
Usually, these asymptomatic complications resolve 
spontaneously and require no treatment after the 
biopsy (Fig. 14.10). The rate of pneumothorax/
bleeding is highest with lesions smaller than 2 cm 
(tenfold higher risk of pneumothorax and sixfold 
higher risk of bleeding). The risk of pneumothorax 
is seven times higher when the lesion is less than 
2 cm from the chest wall (Fig. 14.10). However, 

Fig. 14.7 CT-guided lung biopsy in a 55-year-old patient after 
allogeneic bone marrow transplantation for lymphoma. The tar-
get lesion is located less than 2 cm from the thoracic wall. 
Despite careful needle placement, a large pneumothorax 

occurred and failed to resolve with aspiration, necessitating 
chest tube placement. The biopsy demonstrated organizing 
pneumonia due to graft-versus-host disease
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CT-guided biopsy of lesions more than 2 cm from 
the chest wall is associated with a tenfold increase 
in the bleeding rate [31]. Longer length of the intra-
pulmonary needle track (>4 cm) is also associated 
with higher rates of bleeding around the track and 
of pneumothorax [26]. Bleeding and pneumothorax 
are more common when the pleural membrane is 
crossed twice by the needle. The risk of pneumotho-
rax is also higher in patients with bullae and in those 
receiving mechanical ventilation. An oblique tra-
jectory of the needle relative to the pleural mem-
brane may increase the risk of pneumothorax [31]. 
Decreasing the duration of the procedure dimin-
ishes the pneumothorax rate [26].

The use of smaller co-axial introducers (19 G 
instead of 17 G) substantially decreases the risk of 

pneumothorax without affecting diagnostic accuracy, 
sensitivity, or specificity of the histopathologic diag-
nosis of pulmonary nodules [30]. Although pneu-
mothorax rates are similar with FNAB and automated 
core biopsy, the automated devices are associated 
with a small and nonsignificant increase in the rate of 
bleeding with hemoptysis [12, 32]. However, no sta-
tistically significant relationship has been found 
between complication rates, number of passes through 
the co-axial system with the introducer needle or core 
gun (up to 4), and smoking history. The complication 
rate seems similar for masses, consolidations, and 
ground-glass opacities [33]. In our experience, the 
number of biopsy-related complications is not differ-
ent between immunocompromised and immunocom-
petent patients.

Fig. 14.8 CT-guided lung biopsy in an 18-year-old patient with 
suspected relapsing Hodgkin’s disease. Care was taken to stay 
close to the manubrium (image b) to avoid the internal thoracic 

artery (arrow, image a). However, after three biopsies the artery 
was injured and severe hemothorax developed (asterisk, image d). 
Treatment was successful
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 Monitoring

Most complications occur immediately or within the 
first hour of the transcutaneous lung biopsy. A limited 
number of CT slices are acquired at the end of the pro-
cedure to detect early complications. Pneumothorax is 
usually detectable by chest X-ray 1 h after the biopsy 
[22, 34–36], although recent reports describe delayed 
pneumothorax occurring 24 h after the biopsy despite 
normal chest X-rays 1 and 4 h post-biopsy [37]. No 
specific monitoring is required following an uncompli-
cated biopsy procedure, but patients should remain 
hospitalized for at least 1 h, or longer if further radio-
graphs are required to monitor a pneumothorax. 
Patients should be in a supervised area so staff can be 
alerted if they develop shortness of breath, chest pain, 
or other symptoms. Last, they should be given 

complete information before they are discharged so 
that they can be alert to symptoms possibly indicating 
the development of a complication.

14.4  Efficiency

14.4.1  Sensitivity and Adequacy

The number of lung biopsies has increased consider-
ably over the last decade. As fine-needle aspiration 
gained in popularity, its accuracy came under scrutiny. 
Audits showed that fine-needle biopsy was more likely 
to detect malignant disease than were any of the nonin-
vasive tests or endoscopic bronchial sampling [38].

Fig. 14.9 CT-guided lung biopsy in a 65-year-old patient with 
organizing pneumonia. The patient experienced severe pain at 
the end of the procedure with a vasovagal syncope. The control 

image shows alveolar hemorrhage, but no hemoptysis occurred. 
The patient was monitored in the emergency room for 6 h then 
discharged
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Fig. 14.10 CT-guided lung biopsy in a 32-year-old patient after 
stem cell transplantation for acute leukemia. The target lesion is 
located less than 10 mm from the chest wall. A small and stable 

pneumothorax developed during the procedure. No specific 
treatment was required. The small pneumothorax was not visible 
by chest X-ray. The biopsy showed organizing pneumonia

Several large studies of the efficiency of percutaneous 
transthoracic needle biopsy have been reported. Greater 
than 80% sensitivity and accuracy can be achieved 
(Table 14.4) [39]. The false-positive rate is usually less 
than 1% [40, 41] and the false-negative rate less than 
5–10% [42–45]. Diagnostic accuracy depends on the 
size and location of the lesion, operator experience, 
needle type, needle path length, biopsy technique, and 
expertise of the cytopathologist [10, 46, 47]. Larger 
lesions are more likely to enable a positive diagnosis of 
malignancy [10, 48–52], although some operators have 
reported no significant difference between lesions 
smaller than 2 cm and lesions ³2 cm in diameter [53, 
54]. With CT-guided percutaneous transthoracic needle 
biopsy, accuracy is 91% and sensitivity 94% for large 

nodules (>15 mm) compared to 88% and 82%, respec-
tively, for small nodules (<10 mm) (Fig. 14.11) [39]. 
Diagnostic accuracy for needle path lengths of 40 mm 
or less is significantly greater (>90%) than that for 
lengths greater than 40 mm (<56%). The overall diag-
nostic accuracy is 96% for procedures performed with 
18-G needles and 92% for procedures performed with 
19-G needles, with 95% and 89% sensitivity and 100% 
and 99% specificity, respectively [30]. Whether lung 
biopsy should be considered for persistent focal 
ground-glass opacities remains unclear. However, in a 
2009 study of 28 patients with ground-glass opacities, 
17 with malignant and 11 with benign lesions, percuta-
neous transthoracic needle biopsy had 71% overall 
sensitivity and 82% accuracy [33].
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Sensitivity (%) Accuracy (%) No. of procedures References

Overall 82 88 61 [39]
87 77 162 [47]
91 94 846 [30]

Malignancy 89 91 604 [64]
 <10 mm 88 92 47 [39]
 <10 mm 67 80 10 [33]
 <15 mm 72 74 70 [6]
 >15 mm 94 96 27 [6]
 >20 mm 75 88 8 [33]

Infection fungal 70.6 76.4 17 [57]

Table 14.4 Effectiveness of the biopsy according to the type of pulmonary lesions

Fig. 14.11 CT-guided biopsy in a patient treated for MALT lymphoma. The biopsy of the 8-mm nodule located in the lower right 
lobe showed a metastasis from an unsuspected melanoma
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In our experience, the diagnostic yield is higher for 
masses and nodules than for consolidations or diffuse 
infiltrates. Agreement between biopsy results and the 
final diagnosis is generally good (kappa, 0.80; 
P < 0.0001). Eighty percent of percutaneous lung biop-
sies harvest a sufficient amount of tissue for the patho-
logic diagnosis [55].

14.4.2  Specific Diagnoses

In patients with lung infections, lung biopsy has been 
reported to have 70% sensitivity and 100% positive pre-
dictive value [56, 57]. Lung biopsy performs better for 
diagnosing bacterial infections (Fig. 14.12) (100% sen-
sitivity) than fungal infections (Fig. 14.13) (30–70% 
sensitivity). The diagnosis of invasive fungal infection is 

rarely achieved by commonly used diagnostic proce-
dures such as CT, sputum examination, BAL, fungal 
cultures, and antigen detection. BAL is usually per-
formed in neutropenic patients if the imaging features 
suggest a fungal infection, but is only 50% sensitive for 
aspergillosis [58–60]. Bronchoscopy and BAL may fail 
to differentiate colonization from invasive infection. 
Transbronchial biopsy, performed only when the plate-
let count is >50·109/L, improves diagnostic accuracy by 
only 6.5% [58]. Histology is more effective than cultur-
ing for the diagnosis of bacterial and fungal infections. 
Cultures are usually positive in fewer than 40% of 
patients with aspergillosis or mucormycosis [57]. 
Cultures are often negative in neutropenic patients and 
in patients given empirical antifungal or antibacterial 
agents before sampling [61]. Fungal and bacterial cul-
tures may produce false-negative results. For instance, 
Aspergillus is a common saprophyte, and a positive 

Fig. 14.12 CT-guided lung biopsy in a 64-year-old patient with a long history of chronic lymphoid leukemia and a new lung mass, 
suggesting aggressive lymphomatous transformation. The biopsy showed tuberculosis
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culture is therefore not proof of infection. Hence, the 
gold standard is mycological and/or histological evi-
dence of tissue invasion. Biopsy allows differentiation 
between aspergillosis and mucormycosis, which is 
important, as Mucorales are usually resistant to azoles 
and echinocandins and consequently require amphoteri-
cin B for curative treatment and secondary prophylaxis 
during bone marrow transplantation. Also, histology 
provides the diagnosis immediately. Histological stud-
ies show necrotic foci containing numerous filamentous 
fungi in patients with fungal infection and granulomas 
and infiltrates composed of histiocytes or neutrophils in 
those with bacterial infection.

Image-guided percutaneous transthoracic fine-nee-
dle aspiration biopsy (FNAB) has proved reliable for 
differentiating benign and malignant pulmonary 
lesions. Diagnostic accuracy exceeded 93% [49, 62] 
and sensitivity exceeded 95% [12, 54, 62]. For nodules 
<10 mm, overall sensitivity was 68% and accuracy was 

78% [63], compared to 93% and 95%, respectively, for 
nodules <15 mm [53]. In a study of 605 biopsies, lesion 
size £10 mm was associated with a tenfold increase in 
the false-negative rate [64]. The positive and negative 
predictive values of 100% and 60–81%, respectively, 
have been reported [30, 63]. In patients with lym-
phoma, lung biopsy establishes the diagnosis in up to 
90% of cases. In false-negative cases, histology may 
show inflammatory changes and necrosis. De novo 
non-hematological malignancies involving the lung are 
diagnosed by lung biopsy in 90% of cases [30]. Lung 
biopsy may assist in the diagnosis of organizing pneu-
monia, graft-versus-host disease with pulmonary com-
plications, and benign tumors. Figures 14.14 and 14.15 
show the diagnostic yield of lung biopsy in patients 
with non-infectious conditions. Figure 14.16 describes 
a case of pulmonary nocardiosis in a patient with 
chronic lymphocytic leukemia who was thought to 
have aggressive lymphoma.

Fig. 14.13 CT-guided lung biopsy in a patient treated for B-cell lymphoma. The planned needle trajectory passed through a pleural 
tail to avoid the lung parenchyma. The biopsy demonstrated invasive pulmonary aspergillosis



170 C. de Bazelaire et al.

Fig. 14.14 CT-guided lung biopsy in a 63-year-old patient with a history of non-Hodgkin’s lymphoma and a suspected pulmonary 
relapse. The biopsy unexpectedly showed an adenocarcinoma

Fig. 14.15 CT-guided lung biopsy in an 83-year-old patient with a history of non-Hodgkin’s lymphoma and a suspected pulmonary 
relapse. The biopsy confirmed the relapse
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Fig. 14.15 (continued)

Fig. 14.16 CT-guided lung biopsy in a patient with chronic lymphocytic leukemia who was thought to have aggressive lymphoma. 
The biopsy diagnosis was pulmonary nocardiosis
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14.5  Conclusion

CT-guided transthoracic lung biopsy is highly  accurate 
for diagnosing malignancies and valuable for detecting 
infections in immunocompromised patients, provided 
the processing and routing of the biopsy samples are 
optimal. This technique is generally safe, the main com-
plications being pneumothorax and hemorrhage. Both 
complications are associated with variables such as 
lesion size, lesion depth, number of pleural needle passes, 
and procedure duration. Most complications are minor 
and easily managed in the CT room. In-depth knowledge 
of predisposing factors allows clinicians and radiologists 
to anticipate complications and to ensure that the patient 
receives optimal monitoring after the procedure.
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15.1  Introduction

Physicians in most medical specialties are seeing a 
growing number of patients with solid tumours and 
haematological malignancies. The implementation of 
routine screening policies has improved the early diag-
nosis of cancer, and treatment advances have been 
achieved, with the result that prolonged survival or 
complete recovery can be obtained in many patients. 
Intensive and prolonged treatment regimens intro-
duced over the last decade have increased the overall 
survival rates among patients with various types of 
malignancies [1]. For instance, intensified and short-
ened cyclical chemotherapy for acute lymphoblastic 
leukaemia in adults has improved survival [2], 
advances in the understanding of multiple myeloma 
have led to the development of new drugs [3], targeted 
therapies have proved useful in patients with lym-
phoma and chronic myeloid leukaemia [4, 5], and 
growth factors that hasten neutropenia recovery have 
allowed higher-dose chemotherapy regimens that 
increase the chances for a cure [6]. However, treat-
ment-related toxic and infectious complications have 
increased in lockstep with the expanding use of aggres-
sive cancer treatments.

Pulmonary events are the leading complications 
in patients treated for cancer. These events are fre-
quently severe, with diffuse pulmonary infiltrates, 
hypoxaemia, and secondary dysfunction of other 
organs (i.e., shock and kidney injury) [7]. ARF is the 
most common reason for admission of cancer 
patients to the intensive care unit (ICU) [8–10]. In 
cancer patients admitted to the ICU for ARF, the 
mortality rate is about 50% overall, 60–70% when 
invasive mechanical ventilation is needed, and 
80–90% in recipients of allogeneic bone marrow or 
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stem cell transplants who require mechanical venti-
lation [11]. Non-invasive mechanical ventilation has 
improved survival in cancer patients requiring venti-
lation by reducing the need for endotracheal intuba-
tion [12–15].

A vast array of conditions can manifest as pulmo-
nary infiltrates in patients with cancer (Table 15.1). 
Although the need for early treatment, most notably 
with antimicrobials, is universally recognized, 
debate continues about the best diagnostic strategy 
in cancer patients with pulmonary infiltrates [16]. 
Suggested diagnostic strategies cover an extensive 
spectrum ranging from empirical treatment without 
diagnostic investigations to diagnostic lung biopsy. 
However, most groups recommend diagnostic inve-
stigations. The main difference across strategies 
consists in whether fiberoptic bronchoscopy with 
bronchoalveolar lavage (FO-BAL) is performed 
(Table 15.2) [16]. The debate about the appropriate-
ness of FO-BAL is particularly relevant in patients 
with hypoxemic ARF, among whom 40% experi-
ence respiratory status deterioration when FO-BAL 
is performed [17–19]. This risk must be weighed 
against the increased risk of death that is indepen-
dently associated with failure to identify the cause 
of pulmonary infiltrates in patients with cancer 
[11, 20–22]. 

This review focuses on the diagnostic strategy for 
cancer patients with pulmonary infiltrates. We will 
start by briefly reviewing our DIRECT approach 
designed to increase the likelihood of appropriate anti-
infectious therapy being given within 2 h after ICU 
admission (Fig. 15.1). We do not recommend a strat-
egy based solely on the DIRECT approach, because 
identifying the cause of the pulmonary infiltrates 
increases the chances of survival. We describe the two 

Infections

 Bacterial infections

  Common pyogenic bacteria

   Streptococcus pneumoniae

   Staphylococcus aureus

   Haemophilus influenzae

   Pseudomonas aeruginosa and Enterobacteriaceae

  Intracellular bacteria

   Legionella pneumophila

   Chlamydia and Mycoplasma pneumoniae

  Other bacteria

   Actinomyces israelii

   Nocardia spp.

 Pneumocystis jirovecii

 Invasive fungal Infections

  Molds

   Aspergillosis

    Emerging mycotic infection: trichosporosis, fusariosis, 
zygomycetes

  Yeasts

   Lung involvement during candidemia

  Endemic fungal infections

   Histoplasmosis, coccidioidomycosise, blastomycosis

 Viral infections (primary infections or reactivations)

  Seasonal respiratory viruses

   Influenzae, parainfluenzae, rhinovirus

   Respiratory syncytial virus

  Herpes virus

   Cytomegalovirus, herpes virus, zoster virus and HHV6

  Other viruses: adenovirus

 Mycobacterial infections

  Tuberculosis and atypical mycobacteria

Noninfectious causes

 Cardiogenic pulmonary edema

 Capillary leak syndrome

 Lung infiltration

 Drug-induced toxicity

Table 15.1 Causes of pulmonary infiltrates in patients with solid 
tumors or hematological malignancies (Adapted from [16])

 Alveolar hemorrhage

 Transfusion-related acute lung injury

 Radiation-induced lung damage

 Alveolar proteinosis

 Diffuse alveolar damage

 Bronchiolitis

 Cryptogenic organized pneumonia

 Second malignancy
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main strategies for identifying the cause of pulmonary 
infiltrates, i.e., with and without FO-BAL. Because the 
diagnostic efficiency of FO-BAL was evaluated 
recently [16], we will focus on the strategy that does 
not include FO-BAL. In our ICU experience, although 
FO-BAL combined with other investigations fails to 
identify the cause of ARF in 10–15% of patients [11, 

23], severe hypoxemia and associated organ dysfunc-
tions limit the feasibility of lung biopsy in many cases. 
However, studies have found lung biopsy to be highly 
efficient, and we raise this point in the last section of 
this review, which identifies areas for future research 
that may help us to improve the management of these 
very vulnerable patients.

15.2  The DIRECT Approach: A Guide for 
Selecting the Initial Antimicrobial 
Treatment and Investigations

We recently proposed a clinical approach designed to 
help clinicians make hypotheses about the cause of pul-
monary infiltrates in patients with haematological 
malignancies or solid tumours (Fig. 15.1) [16]. This 
empiric approach is being evaluated prospectively. In 
the next paragraphs, we describe this strategy and pro-
vide one or two examples for each situation. The main 
goal of the DIRECT approach is to target diagnostic and 
therapeutic efforts toward those conditions that are most 
likely to be present in the individual patient, instead of 
running through the entire list of causes of pulmonary 
infiltrates in cancer patients. By identifying the two or 
three diagnoses that are plausible in a given patient, the 
DIRECT approach may help to initiate appropriate 
treatment within a few hours after admission.

D stands for Delay and refers to three time intervals 
that should be taken into account: (1) time from the 
diagnosis of malignancy, (2) time from respiratory 
symptom onset and (3) where relevant, time from allo-
geneic bone marrow transplantation (BMT). For exam-
ple, pulmonary leukaemic infiltration or leukostasis 
occurs in patients with high counts of circulating blast 
cells, i.e., at the earliest stage of acute leukaemia or 
during relapses [24]. Gradually worsening dyspnea 
over the last 4 weeks is more likely to indicate pulmo-
nary infiltration by the malignancy or congestive heart 
failure and pulmonary oedema than bacterial infection 
or Pneumocystis pneumonia (PCP). In allogeneic BMT 
recipients, cytomegalovirus pneumonia may occur 
during graft-versus-host disease (GVHD) but is 
unlikely to explain pulmonary infiltrates during the 
first 30 days after transplantation [25].

I indicates the type of Immune deficiency. This 
point is crucial when making hypotheses about the 

Radiography
 Chest radiography
 Thin-section high-resolution computed tomography
 Echocardiography or pleural ultrasonography

Sputum
 Bacteria
 Tubercle bacillus
 Fungi (aspergillus)

Tests for Pneumocystis jirovecii (MGG staining and 
immuno-fluorescence)

PCR for Pneumocystis jirovecii

Blood cultures

Serum tests
 Serology: Chlamydia, Mycoplasma, Legionella
 Herpes consensus PCR test
 Circulating aspergillus antigen
 Circulating cytomegalovirus antigen

Nasopharyngeal aspiration
 Tests for viruses (PCR and immunofluorescence)

Urine tests
 Cytology, bacteriology
 Legionella antigen

Biological markers
 Brain natriuretic peptide (BNP) or ProBNP
 Creactive protein
 Fibrin
 Procalcitonin

Table 15.2 The diagnostic strategy without bronchoscopy in 
cancer patients with pulmonary infiltrates (Adapted from [16])

The DIRECT approach: a guide to select initial antimicrobial treat-
ments and appropriate investigations

Delay since malignancy onset or BMT

Patterns of Immune deficiency
Radiographic appearance

Clinical picture

(HRCT)
Findings by the high resolution computed  Tomodensitometry

Clinical Experience and Knowledge of the literature

Fig. 15.1 The DIRECT approach for selecting the initial anti-
microbial treatment (Adapted from [16]). This approach does 
not obviate the need for diagnostic investigations
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type of infection responsible for pulmonary infiltrates. 
Patients with lymphocyte abnormalities (e.g., acute or 
chronic lymphocytic leukaemia or lymphoma) are at 
risk for viral or fungal infections [e.g., herpes simplex 
virus (HSV), PCP, and emerging fungal infections], 
diseases affecting monocytes and macrophages (e.g., 
hairy cell leukaemia, chronic myelomonocytic leukae-
mia, and chronic myeloid leukaemia) are associated 
with intracellular bacterial infections (e.g., Legionella, 
Mycoplasma, and tuberculosis), and neutrophil abnor-
malities (e.g., absolute or relative neutropenia, myelo-
dysplastic syndrome, and chronic myeloid leukaemia) 
increase the risk for bacterial and fungal infections. In 
addition, hypogammaglobulinaemia in patients with 
chronic lymphocytic leukaemia or myeloma is specifi-
cally associated with infection by encapsulated bacte-
ria. However, all these patterns need to be re-evaluated 
using new technologies to assess the cellular defects. 
In addition, the increasing use of intensive and pro-
longed cancer chemotherapy regimens and of targeted 
therapies (e.g., rituximab and alemtuzumab) can be 
expected to change the patterns of immune deficiency 
seen in cancer patients and, therefore, qualitative stud-
ies are needed.

R indicates the chest Radiograph findings.
E refers to Experience and knowledge of the litera-

ture. For example, although diffuse alveolar haemor-
rhage can theoretically cause pulmonary infiltrates 
in immunosuppressed patients, this complication 
seems virtually confined to BMT recipients [26, 27]. 
Similarly, pulmonary aspergillosis, although possible in 
every cancer patient, occurs chiefly in patients with pro-
longed neutropenia (e.g., acute leukaemia patients), 
long-term steroid therapy [28, 29], and BMT [30].

T refers to findings by high-resolution computed 
Tomography (HRCT).

15.3  Bronchoscopy and Bronchoalveolar 
(FO-BAL) Lavage in Cancer Patients 
with Pulmonary Infiltrates

In the late 1980s, FO-BAL became the most widely used 
investigation for identifying the cause of pulmonary infil-
trates in immunosuppressed patients [31–36]. FO-BAL 
superseded lung biopsy, as it was easier, simpler, and 
less invasive. These advantages were reported to be 

particularly helpful in patients at very high risk of death 
if treated with mechanical ventilation [37]. The results of 
18 studies (in 1,537 patients) indicated that FO-BAL pro-
vided the diagnosis in about half the patients and led to 
treatment modifications in one-third (Table 15.3). These 
data were confirmed by a recent retrospective study [38], 
including 175 haematological patients admitted to the 
ICU for ARF and showing a 10% rate of life-threatening 
complications after FO-BAL. Moreover, the diagnostic 
yield was only 50%, and the therapeutic impact was 
 significant in only 17% of the patients [38].

Data from 764 BMT recipients in 15 studies showed 
that FO-BAL supplied the diagnosis in 55% of cases, 
but caused the respiratory status to deteriorate in up to 
40% (Table 15.4) [17–19].

The limited diagnostic efficiency of FO-BAL in 
immunocompromised patients may be related to several 
factors. First, most patients are already on antimicrobial 
therapy at the time of FO-BAL. Therefore, bacterial 
pneumonia is usually documented clinically but not 
bacteriologically, although FO-BAL may detect resis-
tant pathogens that require adjustment of the antimicro-
bial regimen. Second, BAL fluid analysis is often 
confined to tests for infections, and most studies fail to 
report the appearance of the alveolar cells, which may 
suggest drug toxicity, or the presence of malignant cells, 
indicating pulmonary infiltration. Third, most studies 
were conducted in the 1990s, before the introduction of 
new tools for diagnosing infections with viruses, para-
sites, and fungi [39]. However, the diagnostic yield of 
FO-BAL was not better in recent studies [11, 40]. Last, 
FO-BAL may be less efficient in patients with cancer 
than in those with AIDS because of pathophysiological 
differences in the development of pulmonary invasion 
by Aspergillus or Pneumocystis [30, 41–45]. For 
instance, a study of PCP in cancer patients showed 
marked inflammation and scarce Pneumocystis bodies, 
indicating that negative BAL fluid findings did not rule 
out PCP [43].

15.4  Diagnostic Strategy Without 
Bronchoscopy

Table 15.2 lists the investigations used in the diagnostic 
strategy without FO-BAL. Routinely performing all 
these tests may be an alternative to FO-BAL in most 
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cancer patients with pulmonary infiltrates (Fig. 15.2 and 
15.3). We review available data on the use of each of 
these investigations in cancer patients. Imaging findings 
are discussed in another chapter 12. We will focus on 
laboratory methods to diagnose pulmonary infiltrates.

15.4.1  Laboratory Tests  
for Diagnosing Infectious

15.4.1.1  Bacterial Infections

Bacterial pneumonia in immunocompromised patients 
is usually due to gram-negative bacilli or Staphylococcus 
aureus. Selection pressure due to the use of broad- 
spectrum antibiotics explains the emergence of resistant 
gram-negative strains. As discussed above, FO-BAL 
often fails to establish the exact diagnosis. Moreover, 

identified organisms may indicate colonisation rather 
than infection. In a population of allogeneic BMT 
recipients, no pathogen was isolated in 70% of the 
patients, and some of the isolated microorganisms (such 
as Candida spp., coagulase-negative staphylococci, and 
enterococci) were probably mere contaminants [46].

As shown by studies of FO-BAL, conventional 
microbiological testing may fail to identify the cause 
of lower respiratory tract infection. In patients on 
broad-spectrum antibiotics at the time of sample col-
lection, gram staining and culturing have low sensitiv-
ity, and cultures require time. Furthermore, these 
methods fail to distinguish colonisation from infec-
tion. Serological testing is slow and often lacks both 
sensitivity and specificity. In most cases, the causative 
pathogen is not found, despite optimal investigations. 
Methods that rapidly identify the causative pathogen 
would help physicians to select the best treatment 
strategy. Such methods are already available for 

Reference n Diagnosis Diagnostic impact Therapeutic impact

Stover et al. [96] 97 HM 66 –

Martin et al.  [109] 100 HM 30 –

Xaubet et al. [110] 96 HM 49 31

Campbell et al. [111] 22 HM 55 –

Pisani et al. [112] 150 HM 39 –

Maschmeyer et al. [113] 46 Neutropenia 30 –

Cordonnier et al. [100] 56 Neutropenia 53 24

Cazzadori et al. [114] 142 HM 36 –

Von Eiff et al. [40] 90 HM 66 65

White et al. [3] 68 HM 31 24

Ewig et al. [28] 49 HM 31 16

Gruson et al. [18] 41 Neutropenia 63 28

Hilbert et al. [22] 24/46 HM 62 71

Murray et al. [2] 27 HM 33 28

Azoulay et al. [4] 203 HM 49.5 45.1

Pagano et al. [115] 127 HM 53 14

Jain et al. [82] 104 HM 56 –

Hohenadel et al. [81] 95 HM 30 –

Total 1537 46.2 34.6

Table 15.3 Studies of fiberoptic bronchoscopy with bronchoalveolar lavage in patients with malignancies and pulmonary infiltrates 
(Adapted from [16])
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Author n Type of 
patients

Diagnostic 
impact

Therapeutic 
impact

Complications

Springmeyer et al. [20] 22 Auto-allo 58 – 13

Corodonnier et al. [17] 52 Allo 50 – 0

Cordonnier et al. [9] 69 Allo 66 – –

Milburn et al. [19] 40 Allo 80 76 0

Springmeyer [78] 15 Auto-allo 89 – 40

Heurlin et al. [116] 18 Auto-allo 61 – –

Weiss et al. [80] 47 Auto-allo 47 – 12

Campbell et al. [79] 27 – 74 63 11

AbuFarsakh et al. [117] 77 Auto-allo 42 – –

White et al. [93] 68 Auto-allo 31 24 15 (7% MV)

Dunagan et al. [1]a 71 Auto-allo 38 42 27 (4% MV)

Glazer et al. [118] 79 Auto-allo 67 62 –

Gruson et al. [39] 38 Auto-allo 42 – –

Gruson et al. [18] 52 Auto-allo 38 28 17

Huaringa et al. [108] 89 Auto-allo 42 – –

Total 764 Auto-allo 55 49 0–40%

Table 15.4 Studies of fiberoptic bronchoscopy with bronchoalveolar lavage in bone marrow transplant recipients with pulmonary 
infiltrates (Adapted from [16])

a32% Mechanical ventilation

Tests without
FO-BAL

If no diagnosis by day 3 and
no clear improvement

If no diagnosis
:

Consider lung biopsy

Pulmonary infiltrates in cancer patients
(neutropenic, BMT-recipients,

chemotherapy, other immunosuppressive agents)

DIRECT approach

FO-BAL
±other tests

Select appropriate initial
antimicrobial therapy within 2 hours

FO-BAL
Make every effort to secure the procedure

Fig. 15.2 Diagnostic 
strategy for cancer patients 
with pulmonary infiltrates
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Legionella pneumophila and Streptococcus pneu
moniae and are being developed for other bacteria. It 
seems, however, that the incidence of these patho - 
gens may have been overestimated in haematological 
patients.

 Legionella pneumophila

Antibodies to Legionella pneumophila were first det-
ected using indirect immunofluorescence or microag-
glutination tests. Since then, numerous ELISAs based 
on different antigen-extraction methods have been 
developed. The reported sensitivities of these assays 
vary substantially, from 41% to 75% [47, 48]. Low 
titres of antibodies against Legionella spp. have been 
found in healthy volunteers, blood donors, outpatients, 
and hospitalised patients [49, 50]. These low titres 
seem to indicate previous exposure to Legionella spp. 
The urinary antigen test produced positive results 1–3 
days after the clinical onset and remained positive for 
almost 1 year in a small proportion of patients [51, 52]. 
Importantly, the urinary antigen test showed greater 
than 99% specificity [53]. Sensitivity for L. pneumo
phila infections ranged from 56% to 99% [54]. Low 
sensitivity of urinary antigen assays for serogroups 
other than L. pneumophila serogroup 1 has been 
reported, the range being 14–69% [55, 56]. In the 
future, an easy-to-perform PCR test with high sensitiv-
ity and greater than 99% specificity will probably 
become available on a wider scale [57].

 Streptococcus pneumoniae

The diagnosis of pneumococcal infection requires 
recovery of the microorganism from an uncontamina-

ted specimen (e.g., blood or pleural fluid). Blood cul-
ture results are positive in only about one-fourth of 
cases, and prior antibiotic therapy significantly reduces 
the proportion of positive blood culture results. 
Bacteraemia may be absent in 70–80% of cases of 
S. pneumoniae pneumonia. Sputum cultures provide 
only a probable diagnosis, since S. pneumoniae car-
riage in the nasopharynx is common. PCR assays for S. 
pneumoniae have shown inadequate sensitivity when 
used on blood or urine and inadequate specificity for 
infection when used on respiratory samples. Several 
publications have described antigen detection assays. 
Good sensitivity and specificity have been reported 
with commercial kits for urinary C polysaccharide 
detection in adults. For example, the Binax NOW S. 
pneumoniae urinary antigen test was 82% sensitive 
and 97% specific when positive blood cultures were 
used as the reference standard. The test is simple to 
perform, detects the C polysaccharide cell wall anti-
gen common to all S. pneumoniae strains, and pro-
vides results within 15 min. Urinary antigen was still 
detected in 83% of patients who were retested on 
treatment day 3 and persisted for at least 7 days in 
many patients [58]. Additional studies produced simi-
lar results (Table 15.5) [59–61]. A nested PCR assay 
targeting the pneumolysin gene was used to detect S. 
pneumoniae DNA in multiple sample types from 474 
adults with community-acquired pneumonia and 183 
control patients without pneumonia. The assay added 
little to information from existing diagnostic tests for 
S. pneumoniae and was unable to distinguish coloni-
sation from infection when used on respiratory sam-
ples [59, 61]. Studies of S. pneumoniae antigen tests 
involving latex agglutination or counter-current imm-
unoelectrophoresis showed detection rates ranging 
from 0% to 88%, and specificity was often poorly 
defined.

Reference Type of infection Number of patients Sensitivity (%) Specificity (%)

Smith, J Clin Microbiol  
2003 [58]

Pneumococcal  
bacteremia

107 82 97

Murdoch, J Clin Microbiol  
2001 [61]

Community-acquired  
pneumonia

420 80 100

Dominguez, Chest  
2001 [60]

Bacteremic and  
nonbacteremic pneumonia

51 82 97

Table 15.5 Binax NOW Streptococcus pneumoniae urinary antigen test: sensitivity and specificity
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 Mycoplasma pneumoniae

The diagnosis of hard-to-culture pathogens such as 
Mycoplasma pneumoniae classically relies on test-
ing paired sera to demonstrate a rise in the antibody 
titre. This method is of uncertain value in immuno-
compromised patients, most notably those with 
impaired cell-mediated immunity. Culturing is rel-
atively insensitive and time-consuming, requiring 
up to 3 weeks for pathogen detection [62]. A num-
ber of PCR assays for M. pneumoniae have been 
evaluated in various respiratory specimens and 
patient populations, with promising results. PCR is 
more sensitive and considerably faster than cultur-
ing. In general, PCR results correlate well with 
serological results [63]. Both upper and lower 
respiratory tract samples are suitable for PCR test-
ing. Upper respiratory tract samples (throat swabs 
and nasopharyngeal samples) may be the preferred 
sample types, as they are easy to obtain and ensure 
high sensitivity [59]. PCR on throat swabs may be 
the best existing diagnostic test for M. pneumoniae. 
However, standardised protocols will have to be 
developed before this test is recommended for 
widespread use [64].

 Chlamydia pneumoniae

Cell cultures for C. pneumoniae detection are tech-
nically demanding and time-consuming, and their 
yield is generally low. Therefore, the diagnosis of 
C. pneumoniae infection relies largely on serologi-
cal testing, whose value in immunocompromised 
patients is uncertain. Furthermore, both acute- and 
convalescent-phase sera must be tested, which can 
only provide a retrospective diagnosis. These major 
limitations have prompted many studies of PCR for 
diagnosing C. pneumoniae infection. Unfortunately, 
the results have been conflicting. Overall, PCR was 
at least as sensitive as culturing, but its specificity 
was difficult to assess given the absence of an 
appropriate reference standard [59]. C. pneumo
niae DNA can be detected in both upper and lower 
respiratory tract samples, but it is unclear which 
sampling site is better. Highly sensitive PCR tech-
niques may increase the ability to detect C. pneu
moniae carriage, the clinical relevance of which is 
unclear.

15.4.1.2  Diagnosis of Viral Respiratory 
Infections Using Nasopharyngeal 
Aspirates

In the past, viral cultures were the reference standard 
for the laboratory diagnosis of respiratory viral infec-
tions. However, 2–10 days were usually needed to 
obtain the results. To overcome this major limitation, 
faster diagnostic techniques, such as viral antigen 
detection, were introduced. These faster techniques are 
generally considered less sensitive and less specific 
than cell cultures. Moreover, viral antigen detection is 
not feasible for all respiratory viruses. PCR has proven 
extremely specific and sensitive for detecting respira-
tory viruses: it is now the reference standard for diag-
nosing respiratory viral infections and the only method 
available for detecting some viruses [39]. PCR was not 
only more sensitive than viral culture or antigen or 
antibody tests for detecting respiratory viruses in 
patients with haematological malignancies, but also 
decreased the time to diagnosis [65, 66]. Parainfluenza 
viruses 1–3, respiratory syncytial virus, rhinovirus, 
influenza viruses A and B, enteroviruses, and corona-
viruses were reliably detected by PCR [67–69]. Nose-
throat swabs yielded the same results with PCR as did 
BAL samples [39]. In a recent study of patients with 
haematological malignancies and respiratory viral 
infections, PCR on nasopharyngeal aspirates usually 
provided the diagnosis [70]. In the near future, wide-
spread use of multiplex PCRs in patients with haema-
tological malignancies will raise additional concerns 
about the relevance of virus retrieval from nasopharyn-
geal aspirates in patients with lung infiltrates [69].

Cytomegalovirus frequently causes severe disease 
after stem cell transplantation. The cytomegalovirus 
antigen assay is a rapid quantitative tool for monitor-
ing cytomegalovirus infection. However, this method 
is tedious, as it requires counting the cells in the sam-
ples. In addition, the results may be influenced by fac-
tors such as storage and fixation methods. PCR assays 
have been used to diagnose cytomegalovirus infection. 
Real-time PCR provides a qualitative assessment of 
viral load. However, although the antigenaemia cutoff 
has been determined, the viral load cutoff is unknown 
[39, 71].

BMT recipients and patients with haematological 
malignancies who have severe impairments of cell-
mediated immunity are at risk for HSV pneumonia. 
Although HSV type 1 accounts for most cases, other 
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herpes viruses such as cytomegalovirus, varicella 
zoster virus, Epstein-Barr virus, HHV-6, and HHV-8 
are also common causes of pneumonia in this popula-
tion. Advances in diagnostic techniques and the use of 
preventive or pre-emptive treatments have altered the 
epidemiology of some of the herpes virus infections. 
However, herpes viruses continue to cause significant 
morbidity and mortality in stem cell recipients [72]. A 
multiplex PCR assay designed to amplify herpes virus 
DNA in a diverse range of clinical specimens yielded 
higher detection rates for the viruses represented in the 
assay than did virus isolation and immunofluores-
cence-based antigen detection [73]. The turnaround 
time was far less than for the other techniques. Overall, 
the multiplex PCR detected substantially more herpes 
viruses, in some cases in specimens or at body sites 
where these viruses were found only rarely or never 
using conventional methods. Multiplex PCR has not 
yet been evaluated as a tool for diagnosing herpes virus 
pneumonia in patients with cancer. However, multi-
plex PCR may help to assess the pathogenic role for 
herpes viruses found in respiratory samples. An oligo-
nucleotide microarray for herpes virus detection in 
clinical samples has been developed and needs to be 
evaluated in clinical practice.

15.4.1.3  Non-invasive Diagnostic Strategy  
for Diagnosing Pneumocystis 
Pneumonia (PCP)

The standard method for diagnosing PCP pneumonia 
is microscopic identification of the organism using 
stains (methenamine silver, Giemsa, or toluidine blue 
O) or antibodies in BAL or induced sputum samples 
[74]. Several studies confirmed that PCR was more 
sensitive than microscopy for detecting P. jiroveci 
[75]. PCR is useful to rule out P. jiroveci infection in 
HIV-negative immunocompromised patients, who 
often have lower parasite counts than AIDS patients 
[43]. Nested PCR methods tend to have low specific-
ity with high false-positive rates, whereas real-time 
PCR seems more specific [39, 76–78]. Samples simi-
lar to those used for microscopy can serve for PCR 
[75]. BAL specimens have the best yield; induced 
sputum samples, which are commonly used for HIV-
infected patients, may be diagnostic but have not been 
evaluated in patients with other causes of immunode-
ficiency. [77]. Oral washes may be used as alternative 

non-invasive samples, despite lower sensitivity of 
PCR compared to lower respiratory tract samples [42, 
79]. In a recent study [80], 448 patients were screened 
for P. jiroveci pneumonia with PCR and Gromori-
Grocott staining. BAL was performed in 351 patients 
and induced sputum was diagnostic in 39 patients. 
PCR sensitivity was 87% and specificity was 92%, 
Negative predictive value on BAL samples was 
98.7%. Given this excellent negative predictive value, 
we recommend PCR as the leading method for exclud-
ing PCP in cancer patients with pulmonary infiltrates. 
Negative PCR results on BAL fluid or induced  
sputum indicate that PCP treatment can be safely 
 discontinued [81].

15.4.1.4  Diagnosis of Fungal Infection

The diagnosis of invasive aspergillosis in haematologi-
cal patients is often challenging. Until recently, only 
specimens from normally sterile sites were considered 
necessary for the definitive diagnosis of invasive fun-
gal infections. Specimens from sites that may be colo-
nised (e.g., sputum, BAL fluid, or sinus aspirate) were 
rarely diagnostic. BAL fluid cultures positive for 
Aspergillus spp. may indicate colonisation instead of 
invasive infection. Cultures may require days or weeks. 
The reference standard is histologically proven hyphal 
invasion in tissue specimens obtained by invasive pro-
cedures, but these may be deemed unsafe in patients 
with cytopenia [44, 82]. The first prospective, pathol-
ogy-verified evaluation of a sandwich ELISA using a 
monoclonal antibody to galactomannan (GM) showed 
that serial monitoring was 92.6% sensitive and 95.4% 
specific [83]. The positive predictive value was 93%, 
and the negative predictive value was 95% [83]. In 
more than half the cases, antigenaemia was detected 
before invasive aspergillosis was suspected clinically 
[84, 85]. Based on this study and others, the European 
Organization for Research and Treatment of Cancer/
Invasive Fungal Infections Cooperative Group and the 
National Institute of Allergy and Infectious Diseases 
Mycoses Study Group convened a consensus panel to 
develop standard definitions for invasive fungal infec-
tions, introducing Aspergillus antigenaemia testing as 
an important diagnostic tool. The panel recommended 
that Aspergillus antigenaemia testing be used to sup-
port a probable diagnosis [44]. The value of this diag-
nostic strategy has been clinically validated [86, 87] 
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and shown to be clinically relevant. Moreover, the 
diagnostic yield of Aspergillus antigenaemia may be 
higher in neutropenic patients [88]. Finally, PCR has 
been used to detect Aspergillus spp., but false-positive 
results were noted, and no standardised commercial 
method is available [89–91].

15.4.1.5  Microbial DNA Identification 
by Blood PCR

Numerous multivariate analyses have shown that inad-
equate antibiotic therapy in patients with severe sepsis 
is a strong and independent risk factor for death [92]. 
In clinical practice, diagnostic uncertainty regarding 
the causative microorganism leads to the use of broad-
spectrum combinations of antibiotics. The high selec-
tion pressure created by these combinations may lead 
to the emergence of multi-drug resistant bacteria. 
Moreover, in patients with haematological malignan-
cies, who are often neutropenic, the diagnostic yield of 
blood samples is low (25% in one study [93] and prob-
ably even less in patients on concomitant antibiotic 
therapy), and more than half the clinically diagnosed 
infections are treated empirically. These data may 
reflect the presumed low bacterial/fungal load neces-
sary for clinical infection. Therefore, rapid diagnostic 
tests are needed [94]. In recent years, several diagnos-
tic tools based on culture-independent molecular biol-
ogy-based techniques, such as real-time polymerase 
chain reaction, were developed [95]. However, their 
usefulness in clinical practice needs to be demon-
strated. Numerous studies are ongoing. In severe sep-
sis [96], the match between PCR and blood culture 
results seems disappointing, with only 70% of positive 
PCRs in patients with positive blood cultures. However, 
positive PCR results showed statistically significant 
associations with higher organ dysfunction scores, as 
well as a trend toward an association with higher mor-
tality. In immunocompromised patients, the results of 
preliminary studies of PCR seem more promising, 
although the true accuracy of these methods needs to 
be determined [97, 98]. PCR seems more sensitive 
than blood cultures, with a 100% match between posi-
tive blood cultures and positive PCR, as well as a high 
negative predictive value (98.6%) of negative PCR. 
However, these results require confirmation in larger 
studies, and their clinical usefulness needs to be tested 
in terms of antibiotic use and treatment reduction.

15.4.1.6  Biomarkers

ARF in cancer patients can be related to many condi-
tions, including infections (opportunistic or bacterial) 
and non-infectious events (infiltration by malignant 
cells, drug-related pulmonary toxicity, or cardiogenic 
pulmonary oedema) [11]. Identification of the exact 
cause of ARF is associated with a marked improve-
ment in survival. Rapid evaluation of the contribution 
of left ventricular failure to ARF enables prompt ade-
quate treatment, obviating the need for invasive diag-
nostic procedures. Echocardiography is the reference 
standard for diagnosing left ventricular dysfunction 
but requires the availability of an experienced sonogra-
pher. B-type natriuretic peptide (BNP) is a predomi-
nantly ventricular cardiac hormone whose levels 
increase in the event of cardiac overdistension [99]. 
BNP measurement has been found highly sensitive 
and specific for the diagnosis of heart failure [100]. 
However, in the initial cohort, no cancer patients were 
included.

The accuracy of BNP in cancer patients with ARF 
was evaluated in a recent study [101] of 100 patients. 
This study showed that BNP was useful only for ruling 
out a role for cardiac dysfunction in ARF, when NT-pro 
BNP was under 500 pg/mL (100% specificity and 
100% negative predictive value). However, due to the 
direct cardiac toxicity of anti-cancer chemotherapy 
and high rate of renal failure among cancer patients, 
BNP elevation was not accurate for diagnosing cardiac 
dysfunction.

The morbidity of anti-infectious treatment can be 
high. Systemic inflammatory response syndrome 
(SIRS) can be related to various causes (i.e., toxicity 
of chemotherapy), and a highly specific marker for 
sepsis would therefore be valuable. In non-neutro-
penic patients, procalcitonin (PCT), produced by the 
reticulo-endothelial cells, is a specific and sensitive 
marker for bacterial infections [102]. For example, 
PCT can differentiate between bacterial and viral 
meningitis. Data from neutropenic patients are scarce 
except in the paediatric population, where small stud-
ies [103, 104] suggested that PCT might be a good 
marker for bacterial sepsis with more than 95% nega-
tive predictive value and more than 85% sensitivity. In 
adults, no convincing data are available. Some studies 
in neutropenic patients [105] indicated that PCT was 
unhelpful (although we have personal data that seems 
somewhat more promising). Therefore, we cannot 
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recommend PCT as a diagnostic tool in patients with 
haematological malignancies or other forms of 
cancer.

15.5  Conclusion and Avenues  
for Future Research

The diagnostic and therapeutic impact of FO-BAL has 
been evaluated in several studies, and other diagnostic 
investigations have been evaluated individually. How-
ever, the routine use of all available investigations 
except FO-BAL has not been assessed, nor have the 
diagnostic strategy and outcomes been compared in 
cancer patients managed with versus without FO-BAL. 
The number of patients in whom non-invasive investi-
gations obviates the need for FO-BAL may also 
deserve to be determined.

In the future, the development of new tools will 
contribute to improve the diagnosis of bacterial pneu-
monia (16S RNA) and viral pneumonia (oligonucle-
otide microarray). These new tools can be expected to 
improve the diagnostic yield of BAL analysis, and non-
bronchoscopic lavage may cause less respiratory dete-
rioration than FO-BAL [106]. Markers for heart failure 
(brain natriuretic peptide) or bacterial infection (pro-
calcitonin) need to be evaluated in cancer patients.

We predict that advances in diagnostic tools will 
decrease the role for FO-BAL, just as in the past 

FO-BAL decreased the role for lung biopsy [107]. 
When the diagnosis remains uncertain despite exten-
sive investigations including FO-BAL, the feasibil-
ity, safety, and diagnostic yield of lung biopsy should 
be evaluated, since identifying the cause of pul-
monary infiltrates is known to reduce mortality 
[11, 16].

References

 1. Brenner H (2002) Long-term survival rates of cancer patients 
achieved by the end of the 20th century: a period analysis. 
Lancet 360(9340):1131–5

 2. Linker C et al (2002) Intensified and shortened cyclical che-
motherapy for adult acute lymphoblastic leukemia. J Clin 
Oncol 20(10):2464–71

 3. Richardson PG et al (2005) Bortezomib or high-dose dex-
amethasone for relapsed multiple myeloma. N Engl J Med 
352(24):2487–98

 4. O’Brien SG et al (2003) Imatinib compared with interferon 
and low-dose cytarabine for newly diagnosed chronic-phase 
chronic myeloid leukemia. N Engl J Med 348(11): 
994–1004

 5. Coiffier B et al (2002) CHOP chemotherapy plus rituximab 
compared with CHOP alone in elderly patients with diffuse 
large-B-cell lymphoma. N Engl J Med 346(4):235–42

 6. Bergh J et al (2000) Tailored fluorouracil, epirubicin, and 
cyclophosphamide compared with marrow-supported high-
dose chemotherapy as adjuvant treatment for high-risk breast 
cancer: a randomised trial. Scandinavian Breast Group 9401 
study. Lancet 356(9239):1384–91

 7. Chaoui D et al (2004) Incidence and prognostic value of respi-
ratory events in acute leukemia. Leukemia 18(4):670–5

 8. Azoulay E et al (1999) Changing use of intensive care for 
hematological patients: the example of multiple myeloma. 
Intensive Care Med 25(12):1395–401

 9. Kress JP et al (1999) Outcomes of critically ill cancer 
patients in a university hospital setting. Am J Respir Crit 
Care Med 160(6):1957–61

10. Soares M et al (2004) Performance of six severity-of-illness 
scores in cancer patients requiring admission to the intensive 
care unit: a prospective observational study. Crit Care 
8(4):R194–203, Epub 2004 May 24

11. Azoulay E et al (2004) The prognosis of acute respiratory 
failure in critically ill cancer patients. Medicine (Baltimore) 
83(6):360–70

12. Azoulay E et al (2001) Improved survival in cancer patients 
requiring mechanical ventilatory support: impact of nonin-
vasive mechanical ventilatory support. Crit Care Med 
29(3):519–25

13. Meert AP et al (2003) Noninvasive ventilation: application 
to the cancer patient admitted in the intensive care unit. 
Support Care Cancer 11(1):56–9, Epub 2002 Jul 19

14. Rabbat A et al (2005) Prognosis of patients with acute myel-
oid leukaemia admitted to intensive care. Br J Haematol 
129(3):350–7

Fever > 48h

CXR

HRCT

Normal

Normal Infiltrate

Follow-up
Invasive

procedure

Fig. 15.3 Recommendations from the Infectious Diseases 
Working Party of the German Society of Haematology and 
Oncology (Adapted from [45])



186 L. Camous et al.

15. Hilbert G et al (2001) Noninvasive ventilation in immuno-
suppressed patients with pulmonary infiltrates, fever, and 
acute respiratory failure. N Engl J Med 344(7):481–7

16. Azoulay E, Schlemmer B (2006) Diagnostic strategy in 
 cancer patients with acute respiratory failure. Intensive Care 
Med 32(6):808–22, Epub 2006 Apr 29

17. Dunagan DP et al (1997) Bronchoscopic evaluation of pul-
monary infiltrates following bone marrow transplantation. 
Chest 111(1):135–41

18. White P, Bonacum JT, Miller CB (1997) Utility of fiberoptic 
bronchoscopy in bone marrow transplant patients. Bone 
Marrow Transplant 20(8):681–7

19. Murray PV et al (2001) Use of first line bronchoalveolar 
lavage in the immunosuppressed oncology patient. Bone 
Marrow Transplant 27(9):967–71

20. Stover DE et al (1984) Bronchoalveolar lavage in the diag-
nosis of diffuse pulmonary infiltrates in the immunosup-
pressed host. Ann Intern Med 101(1):1–7

21. Gruson D et al (1999) Severe respiratory failure requiring 
ICU admission in bone marrow transplant recipients. Eur 
Respir J 13(4):883–7

22. Gruson D et al (2000) Utility of fiberoptic bronchoscopy in 
neutropenic patients admitted to the intensive care unit with 
pulmonary infiltrates. Crit Care Med 28(7):2224–30

23. Rano A et al (2001) Pulmonary infiltrates in non-HIV immu-
nocompromised patients: a diagnostic approach using 
 non-invasive and bronchoscopic procedures. Thorax 56(5): 
379–87

24. Azoulay E et al (2003) Acute monocytic leukemia present-
ing as acute respiratory failure. Am J Respir Crit Care Med 
167(10):1329–33

25. Cordonnier C et al (1987) Evaluation of three assays on 
alveolar lavage fluid in the diagnosis of cytomegalovirus 
pneumonitis after bone marrow transplantation. J Infect Dis 
155(3):495–500

26. Agusti C et al (1995) Diffuse alveolar hemorrhage in alloge-
neic bone marrow transplantation. A postmortem study Am 
J Respir Crit Care Med 151(4):1006–10

27. Afessa B et al (2002) Diffuse alveolar hemorrhage in 
hematopoietic stem cell transplant recipients. Am J Respir 
Crit Care Med 166(5):641–5

28. Trof RJ et al (2007) Management of invasive pulmonary 
aspergillosis in non-neutropenic critically ill patients. 
Intensive Care Med 33(10):1694–703

29. Castagnola E et al (2008) Incidence of bacteremias and inva-
sive mycoses in children undergoing allogeneic hematopoi-
etic stem cell transplantation: a single center experience. 
Bone Marrow Transplant 41(4):339–47

30. Patterson TF et al (2000) Invasive aspergillosis. Disease 
spectrum, treatment practices, and outcomes. I3 Aspergillus 
Study Group. Med Baltim 79(4):250–60

31. Cordonnier C et al (1986) Pulmonary complications occur-
ring after allogeneic bone marrow transplantation. A study 
of 130 consecutive transplanted patients. Cancer 58(5): 
1047–54

32. Springmeyer SC (1987) The clinical use of bronchoalveolar 
lavage. Chest 92(5):771–2

33. Milburn HJ, Prentice HG, du Bois RM (1987) Role of bron-
choalveolar lavage in the evaluation of interstitial pneumoni-
tis in recipients of bone marrow transplants. Thorax 
42(10):766–72

34. Cordonnier C et al (1985) Diagnostic yield of bronchoalveo-
lar lavage in pneumonitis occurring after allogeneic bone 
marrow transplantation. Am Rev Respir Dis 132(5): 
1118–23

35. Akoun GM, Milleron BJ, Mayaud CM (1985) Diagnosis by 
bronchoalveolar lavage of cause of pulmonary infiltrates in 
haematological malignancies. Br Med J (Clin Res Ed) 
290(6481):1589–90

36. White DA et al (1985) Pulmonary cell populations in 
the immunosuppressed patient. Bronchoalveolar lavage 
 findings during episodes of pneumonitis. Chest 88(3): 
352–9

37. Rubenfeld GD, Crawford SW (1996) Withdrawing life sup-
port from mechanically ventilated recipients of bone marrow 
transplants: a case for evidence-based guidelines. Ann Intern 
Med 125(8):625–33

38. Rabbat A et al (2008) Is BAL useful in patients with acute 
myeloid leukemia admitted in ICU for severe respiratory 
complications? Leukemia 22(7):1361–7

39. Murdoch DR (2005) Impact of rapid microbiological testing 
on the management of lower respiratory tract infection. Clin 
Infect Dis 41(10):1445–7, Epub 2005 Oct 13

40. Jain P et al (2004) Role of flexible bronchoscopy in immu-
nocompromised patients with lung infiltrates. Chest 
125(2):712–22

41. Azoulay E et al (1999) AIDS-related Pneumocystis carinii 
pneumonia in the era of adjunctive steroids: implication of 
BAL neutrophilia. Am J Respir Crit Care Med 160(2): 
493–9

42. Kovacs JA et al (2001) New insights into transmission, diag-
nosis, and drug treatment of Pneumocystis carinii pneumo-
nia. JAMA 286(19):2450–60

43. Kovacs JA et al (1984) Pneumocystis carinii pneumonia: a 
comparison between patients with the acquired immunodefi-
ciency syndrome and patients with other immunodeficien-
cies. Ann Intern Med 100(5):663–71

44. Ascioglu S et al (2002) Defining opportunistic invasive 
fungal infections in immunocompromised patients with 
cancer and hematopoietic stem cell transplants: an interna-
tional consensus. Clin Infect Dis 34(1):7–14, Epub 2001 
Nov 26

45. Caillot D et al (2001) Role of early diagnosis and aggressive 
surgery in the management of invasive pulmonary aspergil-
losis in neutropenic patients. Clin Microbiol Infect 7(Suppl 
2):54–61

46. Dettenkofer M et al (2005) Surveillance of nosocomial sep-
sis and pneumonia in patients with a bone marrow or periph-
eral blood stem cell transplant: a multicenter project. Clin 
Infect Dis 40(7):926–31, Epub 2005 Mar 4

47. Blazquez RM et al (2005) Sensitivity of urinary antigen test 
in relation to clinical severity in a large outbreak of Legionella 
pneumonia in Spain. Eur J Clin Microbiol Infect Dis 
24(7):488–91

48. Dominguez J et al (1999) Evaluation of a rapid immuno-
chromatographic assay for the detection of Legionella anti-
gen in urine samples. Eur J Clin Microbiol Infect Dis 
18(12):896–8

49. Waterer GW, Baselski VS, Wunderink RG (2001) Legionella 
and community-acquired pneumonia: a review of current 
diagnostic tests from a clinician’s viewpoint. Am J Med 
110(1):41–8



18715 Minimally Invasive Diagnostic Strategy in Immunocompromised Patients with Pulmonary Infiltrates

50. Deforges L et al (1999) Case of false-positive results of the 
urinary antigen test for Legionella pneumophila. Clin Infect 
Dis 29(4):953–4

51. Mykietiuk A et al (2005) Clinical outcomes for hospitalized 
patients with Legionella pneumonia in the antigenuria era: 
the influence of levofloxacin therapy. Clin Infect Dis 
40(6):794–9, Epub 2005 Feb 17

52. Dominguez JA et al (1998) Comparison of the Binax 
Legionella urinary antigen enzyme immunoassay (EIA) 
with the Biotest Legionella Urin antigen EIA for detection 
of Legionella antigen in both concentrated and nonconcen-
trated urine samples. J Clin Microbiol 36(9): 2718–22

53. Wever PC et al (2000) Rapid diagnosis of Legionnaires’ dis-
ease using an immunochromatographic assay for Legionella 
pneumophila serogroup 1 antigen in urine during an out-
break in the Netherlands. J Clin Microbiol 38(7):2738–9

54. Yzerman EP et al (2002) Sensitivity of three urinary antigen 
tests associated with clinical severity in a large outbreak of 
Legionnaires’ disease in The Netherlands. J Clin Microbiol 
40(9):3232–6

55. Helbig JH et al (2003) Clinical utility of urinary antigen 
detection for diagnosis of community-acquired, travel- 
associated, and nosocomial legionnaires’ disease. J Clin 
Microbiol 41(2):838–40

56. Benson RF, Tang PW, Fields BS (2000) Evaluation of the 
Binax and Biotest urinary antigen kits for detection of 
Legionnaires’ disease due to multiple serogroups and  species 
of Legionella. J Clin Microbiol 38(7):2763–5

57. Den Boer JW, Yzerman EP (2004) Diagnosis of Legionella 
infection in Legionnaires’ disease. Eur J Clin Microbiol 
Infect Dis 23(12):871–8

58. Smith MD et al (2003) Rapid diagnosis of bacteremic pneu-
mococcal infections in adults by using the Binax NOW 
Streptococcus pneumoniae urinary antigen test: a prospec-
tive, controlled clinical evaluation. J Clin Microbiol 
41(7):2810–3

59. Murdoch DR (2003) Nucleic acid amplification tests for the 
diagnosis of pneumonia. Clin Infect Dis 36(9):1162–70, 
Epub 2003 Apr 22

60. Dominguez J et al (2001) Detection of Streptococcus pneu-
moniae antigen by a rapid immunochromatographic assay in 
urine samples. Chest 119(1):243–9

61. Murdoch DR et al (2001) Evaluation of a rapid immunochro-
matographic test for detection of Streptococcus pneumoniae 
antigen in urine samples from adults with community-acquired 
pneumonia. J Clin Microbiol 39(10):3495–8

62. Jacobs E, Bennewitz A, Bredt W (1986) Reaction pattern of 
human anti-Mycoplasma pneumoniae antibodies in enzyme-
linked immunosorbent assays and immunoblotting. J Clin 
Microbiol 23(3):517–22

63. Abele-Horn M et al (1998) Molecular approaches to diagno-
sis of pulmonary diseases due to Mycoplasma pneumoniae. 
J Clin Microbiol 36(2):548–51

64. Dorigo-Zetsma JW et al (2001) Molecular detection of 
Mycoplasma pneumoniae in adults with community-acquired 
pneumonia requiring hospitalization. J Clin Microbiol 39(3): 
1184–6

65. van Elden LJ et al (2002) Polymerase chain reaction is more 
sensitive than viral culture and antigen testing for the detection 
of respiratory viruses in adults with hematological cancer and 
pneumonia. Clin Infect Dis 34(2):177–83, Epub 2001 Dec 4

66. Templeton KE et al (2005) Improved diagnosis of the etiol-
ogy of community-acquired pneumonia with real-time poly-
merase chain reaction. Clin Infect Dis 41(3):345–51, Epub 
2005 Jun 22

67. van Elden LJ et al (2003) Applicability of a real-time quanti-
tative PCR assay for diagnosis of respiratory syncytial virus 
infection in immunocompromised adults. J Clin Microbiol 
41(9):4378–81

68. van Elden LJ et al (2004) Frequent detection of human 
 coronaviruses in clinical specimens from patients with respi-
ratory tract infection by use of a novel real-time reverse- 
transcriptase polymerase chain reaction. J Infect Dis 189(4): 
652–7, Epub 2004 Jan 28

69. van Kraaij MG et al (2005) Frequent detection of respiratory 
viruses in adult recipients of stem cell transplants with the use 
of real-time polymerase chain reaction, compared with viral 
culture. Clin Infect Dis 40(5):662–9, Epub 2005 Feb 7

70. Martino R et al (2003) Respiratory virus infections in adults 
with hematologic malignancies: a prospective study. Clin 
Infect Dis 36(1):1–8, Epub 2002 Dec 9

71. Tanaka Y et al (2002) Monitoring cytomegalovirus infection 
by antigenemia assay and two distinct plasma real-time PCR 
methods after hematopoietic stem cell transplantation. Bone 
Marrow Transplant 30(5):315–9

72. Taplitz RA, Jordan MC (2002) Pneumonia caused by her-
pesviruses in recipients of hematopoietic cell transplants. 
Semin Respir Infect 17(2):121–9

73. Druce J et al (2002) Utility of a multiplex PCR assay for 
detecting herpesvirus DNA in clinical samples. J Clin 
Microbiol 40(5):1728–32

74. Thomas CF Jr, Limper AH (2004) Pneumocystis pneumo-
nia. N Engl J Med 350(24):2487–98

75. Wakefield AE et al (1991) DNA amplification on induced 
sputum samples for diagnosis of Pneumocystis carinii pneu-
monia. Lancet 337(8754):1378–9

76. Arcenas RC et al (2006) A real-time polymerase chain reac-
tion assay for detection of Pneumocystis from bronchoalve-
olar lavage fluid. Diagn Microbiol Infect Dis 54(3): 169–75, 
Epub 2006 Jan 19

77. Durand-Joly I et al (2005) Molecular diagnosis of Pneumo-
cystis pneumonia. FEMS Immunol Med Microbiol 45(3): 
405–10

78. Alvarez-Martinez MJ et al (2006) Sensitivity and specificity 
of nested and real-time PCR for the detection of Pneumocystis 
jiroveci in clinical specimens. Diagn Microbiol Infect Dis 
56(2):153–60, Epub 2006 May 4

79. Fischer S et al (2001) The use of oral washes to diagnose 
Pneumocystis carinii pneumonia: a blinded prospective 
study using a polymerase chain reaction-based detection 
system. J Infect Dis 184(11):1485–8, Epub 2001 Nov 13

80. Azoulay E et al (2009) Polymerase chain reaction for diagno-
sing pneumocystis pneumonia in non-HIV immunocompro-
mised patients with pulmonary infiltrates. Chest 135(3):655–61

81. Ribes JA et al (1997) PCR detection of Pneumocystis carinii 
in bronchoalveolar lavage specimens: analysis of sensitivity 
and specificity. J Clin Microbiol 35(4):830–5

82. Maertens J et al (1999) Autopsy-controlled prospective eval-
uation of serial screening for circulating galactomannan by a 
sandwich enzyme-linked immunosorbent assay for hemato-
logical patients at risk for invasive Aspergillosis. J Clin 
Microbiol 37(10):3223–8



188 L. Camous et al.

83. Maertens J et al (2001) Screening for circulating galacto-
mannan as a noninvasive diagnostic tool for invasive asper-
gillosis in prolonged neutropenic patients and stem cell 
transplantation recipients: a prospective validation. Blood 
97(6):1604–10

84. Maertens J et al (2002) Use of circulating galactomannan 
screening for early diagnosis of invasive aspergillosis in 
allogeneic stem cell transplant recipients. J Infect Dis 
186(9):1297–306, Epub 2002 Oct 8

85. Maertens J et al (2005) Galactomannan and computed 
tomography-based preemptive antifungal therapy in neutro-
penic patients at high risk for invasive fungal infection: a 
prospective feasibility study. Clin Infect Dis 41(9):1242–50, 
Epub 2005 Sep 29

86. Borlenghi E et al (2007) Usefulness of the MSG/IFICG/
EORTC diagnostic criteria of invasive pulmonary aspergil-
losis in the clinical management of patients with acute 
 leukaemia developing pulmonary infiltrates. Ann Hematol 
86(3):205–10

87. Subira M et al (2003) Clinical applicability of the new EORTC/
MSG classification for invasive pulmonary aspergillosis in 
patients with hematological malignancies and autopsy- 
confirmed invasive aspergillosis. Ann Hematol 82(2):80–2

88. Bretagne S et al (1997) Serum Aspergillus galactomannan 
antigen testing by sandwich ELISA: practical use in neutro-
penic patients. J Infect 35(1):7–15

89. Hohenthal U et al (2005) Bronchoalveolar lavage in immu-
nocompromised patients with haematological malignancy–
value of new microbiological methods. Eur J Haematol 
74(3):203–11

90. Musher B et al (2004) Aspergillus galactomannan enzyme 
immunoassay and quantitative PCR for diagnosis of invasive 
aspergillosis with bronchoalveolar lavage fluid. J Clin 
Microbiol 42(12):5517–22

91. Francesconi A et al (2006) Characterization and comparison 
of galactomannan enzyme immunoassay and quantitative 
real-time PCR assay for detection of Aspergillus fumigatus 
in bronchoalveolar lavage fluid from experimental invasive 
pulmonary aspergillosis. J Clin Microbiol 44(7):2475–80

92. MacArthur RD et al (2004) Adequacy of early empiric anti-
biotic treatment and survival in severe sepsis: experience 
from the MONARCS trial. Clin Infect Dis 38(2):284–8

93. Xu J et al (2004) Improved laboratory diagnosis of bacterial 
and fungal infections in patients with hematological malig-
nancies using PCR and ribosomal RNA sequence analysis. 
Leuk Lymphoma 45(8):1637–41

94. Peters RP et al (2004) New developments in the diagnosis of 
bloodstream infections. Lancet Infect Dis 4(12):751–60

95. Louie RF et al (2008) Multiplex polymerase chain reaction 
detection enhancement of bacteremia and fungemia. Crit 
Care Med 36(5):1487–92

96. Bloos F et al (2010) A multicenter trial to compare blood 
culture with polymerase chain reaction in severe human sep-
sis. Intensive Care Med 36(2):241–247

97. Skovbjerg S et al (2009) Optimization of the detection 
of microbes in blood from immunocompromised patients 
with haematological malignancies. Clin Microbiol Infect 
15(7):680–3

98. Mancini N et al (2008) Molecular diagnosis of sepsis in neu-
tropenic patients with haematological malignancies. J Med 
Microbiol 57(Pt 5):601–4

 99. Mukoyama M et al (1991) Brain natriuretic peptide as a 
novel cardiac hormone in humans. Evidence for an exqui-
site dual natriuretic peptide system, atrial natriuretic 
 peptide and brain natriuretic peptide. J Clin Invest 87(4): 
1402–12

100. Maisel AS et al (2002) Rapid measurement of B-type natri-
uretic peptide in the emergency diagnosis of heart failure. 
N Engl J Med 347(3):161–7

101. Lefebvre A et al (2008) Use of N-terminal pro-brain natri-
uretic peptide to detect cardiac origin in critically ill cancer 
patients with acute respiratory failure. Intensive Care Med 
34(5):833–9

102. Assicot M et al (1993) High serum procalcitonin concen-
trations in patients with sepsis and infection. Lancet 
341(8844):515–8

103. Kitanovski L et al (2006) Diagnostic accuracy of procalci-
tonin and interleukin-6 values for predicting bacteremia 
and clinical sepsis in febrile neutropenic children with can-
cer. Eur J Clin Microbiol Infect Dis 25(6):413–5

104. Fleischhack G et al (2000) Procalcitonin in paediatric can-
cer patients: its diagnostic relevance is superior to that of 
C-reactive protein, interleukin 6, interleukin 8, soluble 
interleukin 2 receptor and soluble tumour necrosis factor 
receptor II. Br J Haematol 111(4):1093–102

105. Svaldi M et al (2001) Procalcitonin-reduced sensitivity and 
specificity in heavily leucopenic and immunosuppressed 
patients. Br J Haematol 115(1):53–7

106. Perkins GD et al (2005) Safety and Tolerability of 
Nonbronchoscopic Lavage in ARDS. Chest 127(4): 1358–63

107. Sharma S et al (2005) Pulmonary complications in adult 
blood and marrow transplant recipients: autopsy findings. 
Chest 128(3):1385–92

108. Huaringa AJ, Leyva FJ, Signes-Costa J, Morice RC, Raad 
I, Darwish AA, Champlin RE (2000) Bronchoalveolar 
lavage in the diagnosis of pulmonary complications of bone 
marrow transplant patients. Bone Marrow Transplant 
25(9):975–979

109. Martin WJ 2nd, Smith TF, Sanderson DR, Brutinel WM, 
Cockerill FR 3rd, Douglas WW (1987) Role of bronchoal-
veolar lavage in the assessment of opportunistic pulmonary 
infections: utility and complications. Mayo Clin Proc 
62(7):549–557

110. Xaubet A, Torres A, Marco F, Puig-De la Bellacasa J, Faus 
R, Agusti-Vidal A (1989) Pulmonary infiltrates in immuno-
compromised patients. Diagnostic value of telescoping 
plugged catheter and bronchoalveolar lavage. Chest 
95(1):130–135

111. Campbell JH, Raina V, Banham SW, Cunningham D, 
Soukop M (1989) Pulmonary infiltrates – diagnostic prob-
lems in lymphoma. Postgrad Med J 65(770):881–884

112. Pisani RJ, Wright AJ (1992) Clinical utility of bronchoal-
veolar lavage in immunocompromised hosts. Mayo Clin 
Proc 67(3):221–227

113. Maschmeyer G, Link H, Hiddemann W, Meyer P, 
Helmerking M, Eisenmann E, Schmitt J, Adam D (1994) 
Pulmonary infiltrations in febrile patients with neutropenia. 
Risk factors and outcome under empirical antimicrobial 
therapy in a randomized multicenter study. Cancer 
73:2296–2304

114. Cazzadori A, Di Perri G, Todeschini G, Luzzati R, 
Boschiero L, Perona G, Concia E (1995) Transbronchial 



18915 Minimally Invasive Diagnostic Strategy in Immunocompromised Patients with Pulmonary Infiltrates

biopsy in the diagnosis of pulmonary infiltrates in immuno-
compromised patients. Chest 107:101–106

115. Pagano L, Pagliari G, Basso A, Marra R, Sica S, Frigieri L, 
Morace G, Ardito F, Leone G (1997) The role of broncho-
alveolar lavage in the microbiological diagnosis of pneu-
monia in patients with haematological malignancies. Ann 
Med 29:535–540

116. Heurlin N, Lonnqvist B, Tollemar J, Ehrnst A (1989) 
Fiberoptic bronchoscopy for diagnosis of opportunistic 
pulmonary infections after bone marrow transplantation. 
Scand J Infect Dis 21:359–366

117. Abu-Farsakh HA, Katz RL, Atkinson N, Champlin RE 
(1995) Prognostic factors in bronchoalveolar lavage in 77 
patients with bone marrow transplants. Acta Cytol 
39:1081–1088

 118. Glazer M, Breuer R, Berkman N, Lossos IS, Kapelushnik 
J, Nagler A, Naparstek E, Kramer MR, Lafair J, Engelhard 
D, Or R (1998) Use of fiberoptic bronchoscopy in bone 
marrow transplant recipients. Acta Haematol 99:22–26



 



191É. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies,  
DOI: 10.1007/978-3-642-15742-4_16, © Springer-Verlag Berlin Heidelberg 2011

 

Pleural effusions are common in patients with malig-
nancies. They can present as an isolated entity or be 
associated with parenchymal lung abnormalities. 
Patients with hematological malignancies (HM) can 
present with pleural effusion at diagnosis or may develop 
it during the course of their underlying disease [7, 21, 
61, 68, 74]. Regarding etiology, various mechanisms 
can stimulate the accumulation of pleural fluid 
(Table 16.1) [74, 116]. The disease itself, drug-related 
pleural toxicity, radiotherapy, infections, secondary 
malignancies, autoimmunity, extramedullary hematopoi-
esis and other complications may contribute to the 
development of pleural effusions in patients with HM 
[72, 156, 188, 242].

Pleural effusions have been reported in up to 20% of 
patients with non-Hodgkin’s lymphomas (NHL), 
although effusions are uncommon in the peritoneal and 
pericardial cavities (Table 16.2) [15, 45, 56, 74, 160, 203]. 
The second most common condition is bone marrow 
transplantation (BMT), while acute and chronic leuke-
mias, myelodysplastic syndromes (MDS), multiple 
myeloma (MM) and other hematological disorders are 
rarely accompanied by pleural effusions [4, 7, 52, 61, 
79, 84, 100, 107, 189, 200, 220, 234].

Routine analysis of the pleural fluid for pH, LDH, 
protein and cholesterol should be performed, since appli-
cation of the Light’s criteria is useful in distinguishing 
transudative from exudative pleural effusions (Table 16.3) 
[140]. Morphological examinations by light microscopy, 
flow cytometry and in selected cases gene rearrangement 
studies are useful to document the malignant nature of a 
pleural effusion [80, 116, 159, 242]. Examination of 
cytocentrifuged specimens in the hematology laboratory 
is superior to cytopathological examination for HM [13, 
15, 126]. In selected cases of undiagnosed patients, pleu-
ral biopsies by needle or thoracoscopy are occasionally 
indicated [17, 134, 171, 218, 237].
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Careful evaluation of the pleural effusion to estab-
lish its etiology is required to direct therapy [79]. 
Effusions may result from direct pleural invasion or 
indirect effects (paraneoplastic effusions), such as 
impairment of fluid efflux from the pleural space by 
lymphatic obstruction or pleural effects of cancer radi-
ation or drug therapy. Disease improvement is accom-
panied by resolution of the effusion [7, 100]. Recurrent 
resistant effusions may need pleurodesis (e.g., talk, tet-
racyclines, bleomycin) or local treatment with biologi-
cal agents (bortezomib or rituximab) [8, 22, 100, 134, 
142, 150, 221]. Factors that should be considered prior 

to chemical pleurodesis include response to therapeu-
tic thoracentesis, the patient’s general health, i.e., per-
formance status, pleural space elastance, underlying 
malignancy and pH of the pleural fluid [100, 200]. 
When the pleural effusion is due to lung infections, 
cardiac failure, etc., treatment of the underlying condi-
tion usually leads to resolution of the effusion.

16.1  Pleural Effusions in NHL

Pleural effusions are a common complication of NHL, 
occurring in up to 48% of the patients [7, 21, 61, 74, 75]. 
Pericardial and peritoneal effusions are much less com-
mon complications of malignant lymphomas. In one 
study, pleural effusions were present in 8.6% of NHL 
patients, whereas pericardial effusions and ascites 
occurred in only 0.8% each [62, 233]. The frequency of 
development of pleural effusions differs among the vari-
ous sub-types of NHL [45, 62, 97, 110, 152, 180, 239]. 
Thus, T-cell lymphomas are associated with effusions 

Table 16.3  Pleural fluid tests that are useful for the etiological 
diagnosis of pleural effusion

Always useful (routine tests)

Pleural pH

Pleural LDH and protein rates (Light’s criteria)

Morphological examinations by light microscopy in 
hematological laboratory (with immunophenotyping)

Sometimes useful

Pleural cholesterol

Flow cytometry when cytologic diagnostic is positive (may 
disclose clonal lymphocytes in the pleural fluid with 
identical phenotype in case of direct invasion for a 
lymphoma)

May be useful in selected cases

PCRs to viruses that promote oncogenesis (HHV8, EBC, 
CMV, etc.)

Gene rearrangement studies

Immunoglobulin and TCR rearrangements

Cytogenetics and molecular studies

Studies of oncogenes expression

Needle pleural biopsies

Pleural biopsy by pleuroscopy or thoracoscopy
Table 16.2 Malignancies associated with pleural effusion

Situations in which pleural effusions are common

• Non-Hodgkin’s lymphoma (up to 48% of the patients)

•  Hodgkin’s disease (about 30% of the cases, most 
frequently associated with pulmonary involvement)

• Allogeneic and autologous BMT

Situations in which pleural effusions are uncommon

• Acute and chronic leukemias

• Myelodysplastic syndromes

• Multiple myeloma (mostly in IgA myeloma)

 1.  Infiltration by the malignancy (direct invasion with 
shedding of malignant cells into the pleural space)

 2.  Compression by the malignancy (impairment of fluid 
efflux from the pleural space by lymphatic obstruction)

 3.  Obstruction of the pulmonary and mediastinal lymph 
nodes and/or thoracic duct obstruction resulting in 
chylothorax

 4. Drug-related pleural toxicity and radiation therapy

 5. Infections

 6. Pulmonary embolism

 7. Bleeding

 8.  Cardiac insufficiency, hypoalbuminemia from liver or 
renal insufficencies

 9. Capillary-leak syndrome with cytokine production

10.  Other complications (secondary malignancies, autoimmu-
nity, extramedullary hematopoiesis in CML, amyloidosis, 
plasmacytoma, granulocytic sarcoma, veno-occlusive 
disease and urinothorax, etc.)

Table 16.1 Mechanisms of pleural effusions in patients with 
hematological malignancies
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much more frequently than B-cell lymphomas [35, 63, 
88, 115, 230]. Moreover, lymphomatous  effusions show 
substantial age and sex variation [116]. Among malig-
nant pleural effusions, lymphoma/leukemia appears to 
be more frequent in males (21.1% versus 8% in females) 
[116]. In a study of malignant pleural effusions in chil-
dren and young adults, there was a predominance of 
lymphoma/leukemia cases [98]. In another study, 
malignant pleural effusions were seen with higher fre-
quency (64.5%) in patients >40 years of age, although 
lymphoma was the underlying hematological malig-
nancy in only 4.1% of them [194]. Most patients with 
primary mediastinal B-cell lymphomas have stage I-II 
disease, yet bulky disease with associated pleural or 
pericardial effusions occurs in approximately a third of 
the patients [147]. Diffuse large B-cell lymphoma is the 
most frequent NHL subtype associated with lymphoma-
tous pleural effusions [86]. Advanced stage III and IV 
small lymphocytic lymphomas are also associated with 
pleural effusions due to pleural infiltration [47, 61, 126, 
220]. Rarely, pleural effusions have been reported to 
accompany monocytoid B-cell lymphoma, a low-grade 
B-cell malignancy that often involves regional lymph 
nodes and the salivary glands, and rarely the spleen 
and/or the bone marrow [188, 211]. Pleural effusions 
can be unilateral or bilateral, while the origin of the 
monocytoid B-cell lymphocytes obtained by thoracen-
tesis can be confirmed by appropriate immunopheno-
typing [188]. Although the lung is frequently involved 
in disseminated lymphomas, isolated primary pulmo-
nary lymphomas occur, but are rare. The most common 
histological subtype is a pleural low-grade extranodal 
marginal zone lymphoma of mucosa-associated lym-
phoid tissue (EMZL/MALT type) [53]. An entire chap-
ter of this book from Wilsez and colleagues is dedicated 
to this entity. Common presenting features include 
cough, dyspnea, chest pain, fever and hemoptysis, or it 
can be an incidental finding on a chest radiograph 
obtained for other reasons. A safe distinction between 
EMZL/MALT and lymphoplasmacytic lymphoma 
(LPL) of the pleura with associated pleural effusion 
cannot be made based on morphological and immuno-
histochemicalal characteristics alone, since both are 
small B-cell proliferations with similar immunohis-
tochemical profiles [153]. At the time of diagnosis, 
LPL is frequently characterized by infiltration of the 
bone marrow, lymph nodes and spleen. In contrast, 
EMZLs usually involve extranodal tissues first 
[5, 133, 153]. In difficult cases, cell chromosomal 

analysis and detection of t(14:18) (q32;q21) that involve 
IGH and MALT 1 are useful in differentiating LPL 
from MALT [94, 153].

Other types of primary pleural NHL are rare, and 
available clinical information is based on small obser-
vational studies and case reports [126, 220]. In most 
cases, pleural effusions result from lymphomatous 
pleural infiltration, while the fluid is typically serous or 
serosanguinous and located on one or both pleural 
cavities. Symptoms include dyspnea, cough and chest 
pain [45, 74, 160]. Rarely, NHL patients with large 
pleural effusions present with shortness of breath 
requiring immediate thoracentesis for removal of an 
adequate amount of fluid prior to initiation of appro-
priate therapy. In NHL patients with pleural effusion, 
fluid accumulation can be unilateral or bilateral. T-cell 
neoplasms, especially lymphoblastic lymphomas, are 
frequently associated with mediastinal masses and 
pleural effusions [61]. In rare cases, fluid may be chy-
lous [21, 74]. In rare cases of advanced low-grade lym-
phomas, pleural effusion can be a transudate due to 
venous compression, cardiac or renal failure or associ-
ated hypoalbuminemia [202].

Recently, a rare case of urinothorax due to ureter 
obstruction was reported in a patient with NHL [123]. 
Transudative or exudative reactive pleural effusions 
have also been observed to accompany lung involve-
ment in lymphomas [12, 184]. Pleural effusions in 
patients with lymphomas can develop by one or more 
mechanisms including pleural infiltration with shed-
ding of malignant cells into the pleural space, lym-
phatic obstruction of the pulmonary and mediastinal 
lymph nodes, and/or thoracic duct obstruction result-
ing in chylothorax [21].

Lymphomatous involvement of the pleura is char-
acterized by presence of clonal lymphocytes in the 
pleural fluid with an identical phenotype to that seen 
in lymphocytes obtained from affected lymph nodes 
[15, 45, 96]. On the other hand, in cases of reactive 
pleural effusions, lymphocytes are polyclonal, small, 
mature and predominantly of T-cell origin [12, 15, 
137]. Difficulties exist in distinguishing neoplastic 
from reactive lymphocytes in cytopathological speci-
mens, especially in cases of small lymphocytic/ 
lymphoblastic lymphomas [15]. Flow cytometry, 
immunohistochemistry, immunoglobulin and TCR 
rearrangements, cytogenetics and studies of onco-
genes expression are useful for diagnostic purposes 
[15, 148, 151, 160].
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Cytological evaluation with immunophenotyping 
of the pleural fluid cells is usually diagnostic of the 
specific NHL subtype [15]. Various lymphoma sub-
types with characteristic cytomorphology have been 
reported with serous effusions and include Burkitt 
lymphoma [97], marginal zone lymphoma [58], multi-
lobated type NHL [152], peripheral T-cell NHL [110] 
including Sézary syndrome [238] and anaplastic large 
cell lymphoma [115]. Immunological studies define 
the B- or T-cell origin and degree of maturation. The 
majority of adults with NHL and pleural effusions 
have disease of an intermediate grade, a small propor-
tion have low-grade NHL, and an even smaller propor-
tion suffer from high-grade lymphomas [133, 188].

Regarding prognosis, the presence of pleural effu-
sion can influence overall survival depending on the 
time of diagnosis [74]. In patients with intermediate-
grade NHL, the presence of a pleural effusion at the 
time of presentation does not seem to affect overall 
survival [74]. On the other hand, the presence of pleu-
ral effusion at the time of presentation was associated 
with extremely poor outcome in a study of 57 patients 
with primary mediastinal large-cell and immunoblas-
tic lymphomas [130]. In another study of 91 patients 
with low-grade follicular lymphoma, the presence of 
pleural effusion was a factor adversely influencing 
overall survival along with age >70 years, presence of 
B symptoms, histological subtype of follicular mixed-
cell NHL, tumor size >10 cm, >2 extranodal sites of 
disease, and stage III and IV disease according to the 
Ann Arbor lymphoma staging system [158].

In a retrospective study, the effects of the biochemi-
cal and cytological properties of the pleural fluid on the 
survival of 284 patients with malignant pleural effu-
sions were determined. Tumor type, as well as some 
laboratory features of the pleural fluid, such as pH, LDH 
and protein concentration, influenced survival [22].

Lastly, a retrospective multicenter study analyzed 
the clinical features and treatment outcomes of 
B-lymphoblastic lymphoma (B-LBL) and T-lympho-
blastic lymphoma (T-LBL) in 55 newly diagnosed 
patients (45 T-LBL and 10 B-LBL). With the excep-
tion of the more frequent involvement in T-LBL, there 
were no differences in the clinical features between the 
two subtypes. Clinical outcome of T-LBL versus 
B-LBL in terms of response and survival was not sig-
nificantly different, although the presence of pleural 
effusion was prognostic for overall and progression-
free survival [49].

16.2  Pleural Effusions 
in Hodgkin’s Disease

Pleural effusions are common in patients with 
Hodgkin’s disease (HD), whereas pleural effusions 
occurred in approximately 30% of thoracic HD cases 
[7]. Although thoracic duct obstruction and impaired 
lymphatic drainage due to enlarged hilar or mediasti-
nal lymph nodes appear to be the primary mechanism 
of pleural effusion in HD [61], in some cases fluid 
accumulation may be due to direct pleural involvement 
by the tumor [23, 61]. Pulmonary parenchymal disease 
occurs in 38% of patients with HD and is invariably 
associated with mediastinal lymphadenopathy and 
widespread disease [7]. HD rarely affects the pleura 
alone, and when this happens it is the result of advanced 
local disease, as demonstrated by thoracic CT scans 
[23, 183].

Few studies exist regarding immunohistochemistry 
in the diagnosis of HD associated with serous effu-
sions. Look-a-like of Reed–Stenberg cells (R-S) in 
pleural effusion cytology can lead to incorrect diagno-
sis [61, 183]. Hence, in order to avoid these pitfalls, a 
combination of immunocytochemistry, flow cytometry, 
cytogenetics and molecular studies should be applied 
[61, 124, 183].

16.3  Primary Effusion Lymphoma

Primary effusion lymphoma (PEL) is a rare subtype of 
B-cell lymphomas that presents as pleural, peritoneal 
and pericardial neoplastic effusions in the absence of a 
distinct tumor mass or recognizable nodal involvement 
[32, 39, 42]. This body cavity-based lymphoma is 
associated with herpesvirus-8 (HHV8) infection, also 
termed Kaposi sarcoma herpesvirus (KSHV) [31, 39, 
40, 44, 167]. HHV8 was initially identified in tissue 
biopsies of patients with AIDS-related NHL as pleu-
ral, peritoneal and pericardial lymphomatous effusions 
[4, 167, 229, 244].

Nowadays, PEL is considered to be an HHV8-
driven malignancy [32, 39, 42]. Viral presence in the 
neoplastic cells can be demonstrated by immunohis-
tochemical methods using the HHV8 LNA-1 latent 
protein antibody or other molecular methods [32, 167]. 
The majority of PEL cases affect HIV-positive patients, 
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although several cases have been described in patients 
with cancer, cirrhosis or underlying immunosuppres-
sion because of solid organ transplantation [40]. In the 
general population, PEL develops in older individuals 
living in areas with a high prevalence of HHV8 infec-
tion [39, 208]. Few cases of PEL in HIV-negative 
patients have been reported, and some of them were 
not associated with HHV8 [40, 90, 108, 212, 229, 
244]. The etiological agent(s) responsible for these 
HHV8-negative cases remain(s) unclear [39].

Most (>90%) HIV-positive cases of PEL also show 
evidence of EBV infection, suggesting that EBV plays 
a supportive role in malignant cell transformation [105, 
229]. Interestingly, HHV8, like EBV, belongs to the 
gamma herpesvirus family. HHV8 has also been iden-
tified in patients with multicentric Castleman’s disease 
(MCD), as will be discussed next [51, 217].

The mechanism by which HHV8 promotes onco-
genesis in PEL is unclear [118]. Nowadays, it is 
accepted that PEL is a large-cell lymphoma derived 
from post-germinal center B-cells with an intermedi-
ate immunophenotype between immunoblasts and 
plasma cells [41]. Hence, PEL cells express activation 
and plasma cell markers such as CD30, CD38 and 
CD138 [38, 41, 131], whereas routine B-cell (CD19, 
CD20, CD79a) and T-cell (CD3, CD4, CD8) markers 
are typically absent [31, 32]. Rarely, PEL cells aber-
rantly express T-cell markers and rearrangements of 
the T-cell receptor gene [31, 179, 201]. Regarding PEL 
prognosis, it is extremely poor, with a median survival 
of <6 months [215]. Modern antiretroviral treatment 
appears to improve prognosis [27, 102].

16.4  Castleman’s Disease

Castleman’s disease (CD) is a rare lymphoid disorder 
of unknown etiology that is characterized by massive 
lymphadenopathy, anemia and hypergammaglobuline-
mia. It is also known as angiofollicular lymphoid hyper-
plasia, giant lymph node hyperplasia and Castleman’s 
lymphoma.

Three distinct histological variants exist: plasma-
cytic, hyaline vascular and intermediate [14]. Although 
CD is most frequently found in the mediastinum, it has 
also been identified in other anatomical sites such 
as the neck, pelvis and axilla [191]. Localized CD 
(or type 2) is usually of the hyaline-vascular type, is 

located in the mediastinum (79% of cases) and can be 
cured by surgical excision alone. Pleural effusions in 
this subtype are due to local compression [14]. Contrary 
to the benign clinical course of most cases of hyaline-
vascular CD, the plasmacytic (type 1) MCD is typi-
cally much more aggressive. It usually presents with 
fever, rash, cytopenias, hypergammaglobulinemia and 
extensive lymphadenopathy. This form is common in 
patients with AIDS. HHV8 is causally associated with 
MCD, since it is present in 95% of HIV-positive 
patients [91, 191]. Pulmonary symptoms and infiltrates 
are common, especially in HIV-associated multicentric 
CD [1, 95, 181]. The most frequent pulmonary mani-
festation is an acute febrile interstitial pneumonitis 
typically associated with high fever, weight loss and 
malaise [95]. The role of various pro-inflammatory 
cytokines, such as IL-6 and IL-10, has been studied 
and appears crucial during disease exacerbations 
[173, 182]. Overproduction of such cytokines is 
responsible for a nonspecific capillary-leak syndrome, 
as has been studied in critically ill patients [43, 82].

The extensive angiogenesis seen in CD supports 
the hypothesis that VEGF participates in the pathophys-
iology of the disease [43]. Pleural effusions have been 
described in MCD and are sometimes chylous 
[26, 228].

16.5  Pyothorax-Associated Lymphoma

Pyothorax-associated lymphoma (PAL) is a distinct 
type of B-cell NHL that develops in the pleural cavity 
of patients with chronic pyothorax [87]. It is strongly 
associated with EBV infection based on the elevated 
values of serum anti-EBV antibodies, the presence of 
EBV genomes in the nuclei of tumor cells and the 
expression of latent infection genes, such as EBNA2, 
in most patients [122, 170, 178].

HHV8 is not detected in all cases of PAL [176]. 
Artificial pneumothorax has been found to be a signifi-
cant risk factor for the development of PAL among 
chronic pyothorax patients [11]. It is of interest that 
there are no reports of pleural neoplasia in chronic 
pyothorax patients after surgical resection of the pyo-
genic pleural membrane [11, 170]. Repetitive chest 
radiographs for the artificial pneumothorax may be 
linked with PAL development due to excessive radia-
tion exposure [104]. Overall prognosis in patients with 



196 M.G. Alexandrakis et al.

PAL is poor. Several factors, such as poor performance 
status, high levels of ALT and blood urea nitrogen, are 
associated with worse survival among PAL patients 
[11, 104]. Recently, a case of PAL of T-cell origin was 
reported. Tumor was arising from the chest wall, and 
development followed the therapeutic pneumothorax 
for pleural tuberculosis [204].

16.6  Multiple Myeloma

MM is a malignant neoplasm of plasma cells that usu-
ally invades the bone marrow, but may involve other 
body sites. Pleural effusions occur in approximately 
6% of patients with MM during the course of the dis-
ease [187, 199]. The etiology of pleural effusions is 
multifactorial, and effusions due to pleural myeloma-
tous involvement are rare, occurring in <1% of the 
cases [7, 199]. The following mechanisms have been 
implicated in the production of pleural fluid: infiltra-
tion of the pleura by malignant plasma cells (i.e., 
myelomatous pleural effusion), infiltration of the pleu-
ral fluid from adjacent affected tissues, renal dysfunc-
tion due to infiltration with paraprotein of the renal 
tubular system with development of glomerular dam-
age, pulmonary embolism, congestive heart failure 
secondary to amyloidosis, secondary neoplasms and 
mediastinal lymph node infiltration with accompany-
ing lymphatic obstruction [7, 144, 172, 187]. Among 
myelomatous pleural effusions, 80% occur in IgA 
MM, possibly as a result of this type’s major tendency 
to invade extraosseus structures [120, 199, 205]. The 
remaining cases are IgG MM [199, 205]. Rare cases of 
IgD MM with associated pleural effusion have also 
been described [243]. Bence Jones protein type and 
IgE MM are rarely associated with pleural effusions 
[243], whereas IgM-type MM is associated with pleu-
ral effusions in 5–13% of the cases [9, 112].

Pleural effusion due to MM invasion is rare. When 
myelomatous effusion is present, outcome is poor with 
median survival of <4 months. Plasmablastic myeloma 
is a subtype of MM that is characterized by distinctive 
morphological features. This subtype is usually associ-
ated with renal insufficiency and survival of <6 months 
[48]. Pleural effusions due to infiltration by malignant 
plasma cells can occur at any time during the clinical 
course of the disease, i.e., they can precede clinical diag-
nosis or develop after treatment’s initiation [92, 109].

Although various tests in addition to morphological 
evaluation have been used in the diagnosis of myeloma-
tous effusions, immunophenotypic analysis of the 
infiltrating plasma cells is most important for diagnos-
tic purposes [25, 240].

Extramedullary plasmacytoma comprises approxi-
mately 4–6% of plasma cell malignancies [169, 186]. 
Few cases of extramedullary plasmacytoma arising in 
the mediastinum have been described [186]. Direct 
extension of the plasmocytoma into the pleural space 
may result in development of pleural effusion [169]. 
Amyloidosis, a well-described complication of MM, 
can in rare cases involve the pleura with resultant tran-
sudative or exudative effusions. Diagnosis of pleural 
amyloidosis by biopsy is important because the dis-
ease is usually refractory to conventional treatment 
and may necessitate pleurodesis [143]. In a retrospec-
tive study of 35 patients with biopsy-proven pulmo-
nary amyloidosis, 5 (14%) were found to have 
associated MM [232].

Waldenstrom’s macroglobulinemia (WM) is a rela-
tively rare disorder characterized by lymphoplasma-
cytic monoclonal proliferation and a high amount of 
monoclonal serum IgM. In rare cases pleural involve-
ment can occur, and is characterized by identification 
of lymphoid and plasmacytoid cells in the effusion 
along with the presence of monoclonal IgM in cell-
free suspensions [76].

Pulmonary involvement in WM is relatively rare, 
occurring in 3–5% of the cases. It usually presents 
with pulmonary nodules, masses, diffuse infiltrates or 
pleural effusions [125]. Morphological examination of 
disease-related small lymphocytes in the pleural effu-
sion is nondiagnostic, rendering flow cytometry and 
gene rearrangement studies invaluable for accurate 
diagnosis [125, 146].

In a study of 44 patients with WM with associated 
pulmonary disease, the authors found that although 
15% of the patients had no pulmonary symptoms at 
diagnosis, two thirds of those with lung disease pre-
sented with abnormal findings on chest radiograph. 
The radiographic findings were initially described as 
reticulonodular infiltrates, confluent masses or pleural 
effusions. In 39 patients there was pathologically con-
firmed lung involvement with WM, a much higher inci-
dence than the 0–5% reported by other groups [196]. In 
another autopsy study, pathological lung involvement 
was detected in 16 of 32 patients with WM, despite the 
absence of respiratory symptoms  premortem [241].
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Although open lung biopsy can confirm lung and 
pleural involvement in patients with WM, most cases 
are diagnosed by transbronchial or pleural biopsy or 
by thoracentesis [76, 81].

16.7  Pleural Effusions in Acute Leukemia

Pleural effusions in acute myeloid or lymphoblastic 
leukemia are relatively rare [7], despite the fact that 
microscopic infiltration of the pleura is a common 
finding at autopsies of patients with leukemia [71]. 
Leukemic infiltrates in other tissues were found at 
autopsy in 10 of 15 patients with acute leukemia who 
died of an unrelated cause during complete bone mar-
row remission [207]. Moreover, pleural involvement 
can accompany bone marrow involvement [71, 197]. 
In these cases, pleural effusion is typically hemor-
rhagic or has features of empyema reflecting underly-
ing infections [55, 60, 155, 224]. In other cases, 
hypoalbuminaemia, cardiac or liver failure contributes 
to the development of pleural effusion [60]. Cases with 
pleural involvement at presentation are rare, and the 
same is true for pleural involvement as the only site of 
extramedullary relapse [70, 77, 78, 219].

As long-term survival in patients with acute leuke-
mia is increasing, unusual sites of relapse are now 
more frequently recognized [34, 197]. CNS and testes 
have long been recognized as the most common sites 
of extra-medullary relapses in acute leukemia [71, 207]. 
Granulocytic sarcoma is a solid tumor composed of 
malignant myeloid cells. It constitutes the solid variant 
of acute myelogenous leukemia (AML). Primary gran-
ulocytic sarcoma of the pleura has been described 
[71, 77, 207]. Recently, a case of cardiac myeloid sar-
coma with associated pericardial and bilateral pleural 
effusions was described [198]. Most cases reported in 
the literature concern acute lymphoblastic leukemia 
(ALL). Typing and differentiation of the cells of the 
pleural effusion can be difficult. Combined cytomor-
phology and immunophenotyping lead to correct diag-
nosis. Rarely, invasive procedures (pleural biopsies) 
are required for diagnosis [77, 78, 106].

T-LBL is a rare malignancy that accounts for 2–4% 
of adult NHL [111]. It is much more common in teenage 
adolescents. At presentation, there is bulky mediastinal 
involvement frequently associated with pericardial or 
pleural effusion. In one study, bulky mediastinal 

involvement with associated pleural effusion was found 
in about half the patients [138]. In another study, 95% of 
the 45 patients showed a mediastinal mass at diagnosis, 
and 40% had concurrent pleural effusion [103]. Unusual 
cases of pleural effusions with a lymphomatous medi-
astinal mass of pre-B cell origin and a normal hemo-
gram have been described [189]. According to recent 
studies, the balance of matrix metalloproteinases plays 
an important role in the mechanism of leukemic infiltra-
tion into extramedullary organs [223]. Other investiga-
tors have suggested that the chemokine receptor CXCR4 
and its ligand are involved in extramedullary invasion 
and that VEGFR1 controls the onset of extramedullary 
disease in ALL [59, 83]. The prognostic significance of 
pleural effusion at diagnosis in patients with acute leu-
kemia is not well defined. Some investigators claim that 
it does not affect the rate of hematological remission and 
survival, while others report a worse prognosis, espe-
cially in plasmacytic and hairy cell leukemias [30, 149]. 
These latter two forms of leukemia can present with 
pleural effusions that contain typical leukemic cells. In 
these cases, aggressive treatment is indicated [30, 149].

Pleural effusions in patients with acute leukemia 
usually disappear quickly after induction chemother-
apy. On the other hand, recurrence of pleural exudates 
is inevitable in those who do not achieve remission. In 
such cases, respiratory failure due to rapid fluid accu-
mulation can develop, necessitating local treatment 
with intrapleural chemotherapy, pleurodesis or repeated 
drainage [2, 33].

16.8  Pleural Effusions in Chronic 
Lymphocytic Leukemia

Effusions in chronic leukemias, although rare, are 
more common than in acute leukemias [10, 28, 157, 216]. 
In chronic lymphocytic leukemia (CLL) the most com-
mon cause of pleural effusion is pleural infiltration, a 
condition that predisposes to transformation to more 
aggressive lymphoid neoplasms, such as Richter’s 
syndrome or to prolymphocytic transformation [213]. 
An entire chapter on pulmonary involvement in CLL 
has been provided by Dr. Wadwha and colleagues in 
this book. In a large retrospective study of patients 
with CLL, diverse pulmonary complications were 
reported in 223/1,000 admissions [6]. Infections were 
the most frequent complications with the lung as the 
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major site [20, 161, 162]. Pleural involvement by leu-
kemic cells was the second most common complica-
tion in 9% of the patients. Studies of patients with CLL 
show lung involvement in up to 40% of the patients 
[16, 20]. When the effusion is the result of leukemic 
pleural infiltration, the fluid is likely to be hemorrhagic 
and contains malignant lymphocytes that are identical 
to those found in blood and bone marrow [235].

The differential diagnosis of pleural effusions in 
patients with CLL includes primary pleural involve-
ment, central lymphatic obstruction, infections, and 
changes induced by previous radiation or chemother-
apy [235]. Immunohistological methods can be used 
to determine the nature of the pleural effusion [154]. 
Pleural involvement in B-CLL leads to accumulation 
of fluid rich in monoclonal B cells, whereas in most 
reactive pleural effusions, T cells and a small propor-
tion of polyclonal B cells are found. Although the 
clonality and immunohistochemistry of the lympho-
cytes that are isolated in the pleural fluid can provide 
a definitive diagnosis, there are reports showing that 
lymphocytic infiltration by B-CLL leads to reactive 
pleural effusions with predominant polyclonal T cells 
[18, 154]. A high proportion of T cells with monoclo-
nal T-cell receptor rearrangements is characteristic of 
T-cell neoplasms [154]. Patients with CLL and pleu-
ral involvement usually have long-standing disease 
prior to development of pleural effusion [235]. If 
tuberculosis is suspected in a patient with known CLL 
and concurrent pleural effusion, pleural biopsy or 
thoracoscopy is indicated in order to differentiate 
tuberculosis from lymphocytic pleural infiltration 
[225, 235].

16.9  Pleural Effusion in Chronic 
Myelogenous Leukemia (CML)

The most common cause of pleural effusion in chronic 
myelogenous leukemia (CML) is extramedullary 
hematopoiesis, although the pleura are an uncommon 
site [29, 67]. Frequently, all granulocytic precursors 
and a few blasts are found in the pleural fluid of patients 
with CML [157]. Regarding the formation of exuda-
tive pleural effusions, there are several possible mech-
anisms. The first is leukemic infiltration. The fluid is 
usually hemorrhagic, while pleural infiltration fre-
quently appears shortly before transformation into 

acute leukemia. In these cases, the pleural fluid con-
tains a greater proportion of blasts [54, 117, 129]. 
Isolated pleural blast crisis in the absence of medullary 
transformation is extremely rare [117].

Pleural reaction secondary to intrapleural bleeding 
is another possible mechanism [113]. Various factors 
may have a role in hemorrhagic effusions, such as leu-
kostasis and platelet dysfunction. Obstruction of pleu-
ral capillaries or infiltration of interstitial lung tissue 
by leukemic cells during unrestrained leukocytosis 
along with increased capillary permeability because of 
cytokine production can also mediate the development 
of pleural effusion [101, 222]. Infections may play an 
additional role.

Other chronic myeloproliferative diseases may be 
associated with pleural effusions, such as systemic 
mastocytosis, chronic eosinophilic leukemia, myelofi-
brosis and polycythemia vera. The most common 
cause of pleuritis in these patients, other than lung 
infections, is extramedullary hematopoiesis and leuke-
mic transformation with associated infiltration [54]. 
Pleural effusions can also be reactive. In these cases, 
they contain a mixture of macrophages, mesothelial 
cells and T-lymphocytes [168, 192].

16.10  Pleural Effusions in 
Myelodysplastic Syndromes

Pleural effusions in MDS are rare and usually associ-
ated with underlying lung infections. Pleural effusions 
secondary to leukemic infiltration are a rare initial 
manifestation of MDS patients [145, 166].

In patients with chronic myelomonocytic leukemia 
(CMML), pleural effusions are rare and usually respond 
to appropriate antileukemic therapy [29]. The prognos-
tic significance of extramedullary involvement in 
patients with CMML has not been well determined. 
However, most consider it as a sign of advanced disease 
and recommend aggressive therapy [29, 145] The pres-
ence of extramedullary disease in MDS has been well 
documented in CMML with disease progression [145].

Immunological disorders (defective B-, T- and nat-
ural killer-cell function) are frequent in patients with 
MDS. Increased or decreased levels of immunoglobu-
lins and monoclonal gammopathy may also be found 
in patients with MDS [121]. Pulmonary vasculitis or 
eosinophilic infiltrations of the lungs complicated by 
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pleural effusion are additional causes of morbidity and 
mortality in these patients [24, 165]. MDS patients are 
also susceptible to pulmonary and disseminated fungal 
infections because of defective cell-mediated immu-
nity, as shown by a low blood CD4 lymphocyte count 
[50, 121, 226].

16.11  Pleural Effusions in Bone 
Marrow Transplantation

Infectious and noninfectious complications occur in 
40–60% of all BMT recipients with considerable asso-
ciated morbidity and mortality [46]. Various factors 
are thought to play an important role in the manifesta-
tion of pulmonary complications including immuno-
logical defects secondary to the underlying disease and 
its treatment, the conditioning regimen and develop-
ment of graft-versus host disease (GVHD) [119]. 
Information concerning pleural involvement after 
BMT is limited. In one study 16% of patients devel-
oped pleural effusions within the first 100 days after 
BMT [175]. Pleural effusions may accompany various 
potentially life-threatening complications that are 
associated with BMT, such as infections [175], veno-
occlusive disease (VOD) [185], G-CSF toxicity [73], 
acute and/or chronic GVHD [209], and recurrence of 
the underlying hematological disease [139]. Multiple 
effusions appear to be part of the presentation of severe 
acute or chronic GVHD, often in association with 
CMV disease in patients who receive allogeneic donor 
marrow [209, 231].

In these latter cases, CD8+/HLA-DR + lymphocytes 
expressing CD57 predominate in the pleural fluid 
[139]. The most common noninfections causes of 
pleural effusion in BMT recipients are aggressive fluid 
resuscitation, including use of blood products. 
Effusions are usually right-sided or bilateral [128]. 
Other noninfections causes of pleural effusions in 
BMT recipients include effusions after conditioning 
with cyclophosphamide and total-body irradiation 
[164, 175, 190, 206].

In patients with extensive chronic GVHD, isolated 
effusions have been reported [214]. In these cases, the 
term serositis has been used to describe the sterile 
nature of these effusions [139, 206, 214]. Hepatic VOD 
is a complication of patients treated with chemother-
apy and radiation therapy, and pleural effusions have 

been reported in up to 50% of BMT recipients who 
develop VOD compared to 3% of BMT recipients 
without VOD [185]. It is of interest that the affected 
patients have minimal or no respiratory symptoms.

Post-transplantation lymphoproliferative disorder 
(PTLD) due to reactivation of EBV has also been occa-
sionally associated with pleural effusions and CD4+ 
lymphocyte expansion. These patients are frequently 
resistant to immunosuppressive therapy [139]. PTLD 
includes a spectrum of lymphoid proliferations rang-
ing from benign reactive lymphoid hyperplasia to 
high-grade NHL, usually of B-cell immunophenotype, 
although cases with T or null immunophenotype have 
also been reported [99, 115, 132].

The pathophysiological mechanism is poorly under-
stood, and the clinical manifestations include in addi-
tion to pleural effusions, excessive weight gain, ascites, 
fever, rash, hypotension and edema associated with 
kidney and liver abnormalities indicative of a common 
injury to multiple organs [36, 177]. About 50% of allo-
geneic or autologous BMT recipients develop noncar-
diogenic pulmonary edema with or without pleural 
effusions and half of them have associated hepatic, 
renal or CNS abnormalities. These observations sug-
gest that circulating leukocytes play an important role 
in the development of the syndrome [36].

16.12  Pleural Effusions Related to the 
Treatment of Hematological 
Malignancies

All-tran-retinoic acid (ATRA) is a potent differentia-
tion agent that is an effective therapy in patients with 
acute promyelocytic leukemia (APL). Up to 50% of 
APL patients treated with ATRA may develop a life-
threatening complication of uncertain pathogenesis 
that is characterized by fever, respiratory distress, pul-
monary infiltrates, weight gain, pleural and pericardial 
effusions, renal and cardiac failure, edema and throm-
boembolic events. Some patients require mechanical 
ventilation and/or dialysis [136]. Infiltration of the 
lung parenchyma as well as pleural infiltration by 
maturing malignant promyelocytes has been impli-
cated in the development of pulmonary capillaritis and 
pleuritis [37, 64, 65, 174, 227]. Other chemotherapeu-
tic agents, such as high-dose cytarabine, have also 
been associated with the development of pleural 
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effusions. Pathogenesis remains unclear, but is likely 
due to direct toxic and immunological mechanisms.

Tyrosine kinase inhibitors (TKIs) (imatinib, nilotinib 
and dasatinib) have revolutionized the treatment of CML 
and are increasingly used in other malignancies [89]. 
Despite the apparent selectivity of these agents, side 
effects can occur because of off-target kinase  inhibition 
[93, 127]. Clinical consequences are edema, pleural and 
pericardial effusions. These effusions are mainly associ-
ated with dasatinib, occurring much less frequently with 
imatinib or nilotinib therapy [193].

Regarding dasatinib, the cumulative incidence of 
pleural effusion at 1 year was 29.5% (95% CI 18.6–
43.3%), and pleural effusions occur in 14–35% of CML 
patients who receive it [66]. Several risk factors have 
been proposed, but the etiology of the effusions remains 
unclear. Risk factors are blastic-phase CML, advanced 
age, previous history of cardiac disease, hypertension, 
hypercholesterolemia, underlying lung disease, fluid 
retention, and history of autoimmune diseases and of 
skin rashes [66, 141]. Pleural effusion was less frequent 
with once daily dosing than with twice daily dosing (all 
grades, 18% versus 32%). Dasatinib-induced pleuritis 
may be related to inhibition of PDGFR-B, which is 
expressed in pericytes and involved in angiogenesis 
[114]. Others suggest an immune-mediated mechanism 
based on the high lymphocyte content of the pleural 
fluid in these patients, the presence of autoantibodies 
and the response to corticosteroids [19, 195].

Radiation therapy to the thorax is frequently admin-
istered in patients with lymphomas and can be compli-
cated by development of pneumonitis, pleuritis or 
pericarditis. Pleural effusions as complications of radia-
tion therapy are the result of radiation pleuritis or 
of lymphatic obstruction from mediastinal fibrosis 
[135, 163]. Pleural effusions secondary to radiation are 
usually observed within 6 months following radiother-
apy, although some cases occur several years later [163]. 
Another complication of mediastinal radiation is the 
development of chylothorax many years after radiother-
apy due to radiation-induced fibrosis with resultant 
alteration of the normal lymphatic flow [85, 236].

16.13  Thoracentesis

Thoracentesis may carry an increased risk for patients 
with HM because of the presence of numerous comor-
bidities in these patients, neutropenia and coagulation 

abnormalities. Unfortunately, published data on the 
safety of the thoracentesis on this group of patients are 
sparse.

Bass et al. [17] retrospectively studied 100 (55 
males/45 females) patients diagnosed with HM on 
whom a thoracentesis was performed (ultrasound 
localization was used in 32% of all cases). Lymphoma 
was present in 52% of them (46 with non-Hodgkin’s 
lymphoma and 6 with HD), whereas 9 patients were 
diagnosed with acute myeloid leukemia, 7 with MM, 6 
with CLL, 2 with acute lymphocytic leukemia, 1 with 
CML and 2 with amyloidosis. Bone marrow or stem 
cell transplants had been performed in 21% of patients, 
including 14 allogeneic transplants and 7 autologous 
transplants. The main indications for thoracentesis 
were exclusion of infection and documentation or 
diagnosis of malignancy.

At the time of the thoracentesis, neutropenia was 
observed in 11 patients, a platelet count of <50,000 
cells/mL in 13 patients, and coagulopathy with pro-
thrombin time of >15 s and/or a partially activated 
thromboplastin time of >40 s was present in 14 patients 
in this study. Prior to the pleural fluid tap, platelet 
transfusions were performed in 18% of cases, and 
fresh-frozen plasma was administered in 7% of cases.

Despite possible thrombocytopenia and coagula-
tion defects, complications related to bleeding occurred 
in only two cases of the study (2%) resulting in 
hemothorax. Nevertheless, in both cases, no clearly 
identified coagulation defects were detected (platelet 
counts and coagulation study findings were normal; 
one patient though, had an elevated creatinine level of 
2.0 mg/dL).

Pneumothorax was also reported in 7% of patients, 
a rate comparable to that of nonimmunocompromised 
patients [57, 210], and a tube thoracostomy was 
required in 4% of patients. In general, all complica-
tions were successfully treated.

The evaluation of safety of thoracentesis was the 
aim of another retrospective study in 50 hematopoietic 
stem cell transplantation (HSCT) recipients [3]. Of 
them, 26 patients underwent allogeneic HSCT, while 
24 underwent autologous HSCT. Thirty-two patients 
(68%) in the study had underlying HM, while 17 
patients (34%) had solid tumors. The main indications 
for performing thoracentesis were to exclude infection 
and document or diagnose malignancy. Before the pro-
cedure a platelet transfusion was given if the platelet 
count was below 50,000 cells/mm3, and fresh frozen 
plasma was given if the INR was more than 1.5. The 
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only documented complication was pneumothorax in 
five patients; three were patients who had the proce-
dure under radiological guidance. A tube thoracostomy 
was required in 4% of patients. None of the patients 
developed bleeding or hemothorax secondary to the 
thoracentesis.

In another report [69] on 22 children with cancer 
and neutropenia (absolute neutrophil count, <1,500 
per mm3), thoracentesis during febrile episodes in 22 
patients revealed infection in 2 patients (9%), both of 
which were of fungal origin. Eight of the remaining 
nineteen patients underwent another diagnostic proce-
dure, yielding five additional diagnoses. The procedure 
was performed with no complications. The authors 
conclude that thoracentesis is safe and should be con-
sidered as a diagnostic test for febrile neutropenic chil-
dren with pulmonary effusions of presumed infectious 
etiology, although more invasive tests may be 
warranted.

In conclusion, thoracentesis seems to be a simple, 
safe and well-tolerated procedure in patients with HM, 
with a complication rate that is similar to that reported 
in other patient populations, either immunocompro-
mised or non-immunocompromised.
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The lung is one of the most severely affected organs in 
the course of hematologic malignancies as a result of 
infection, specific localizations, drug-induced and radi-
ation-induced damage, and pulmonary graft-versus-host 
disease [59, 67]. As this chapter is specifically devoted 
to the diagnostic value of analysis of the cells collected 
by bronchoalveolar lavage (BAL), detection of infectious 
agents will not be considered apart from certain charac-
teristic cytopathogenic effects related to viral infections.

The lung is a complex organ that can be divided into 
at least seven compartments [70], and BAL only pro-
vides access to the most readily accessible compart-
ment, the bronchoalveolar space. Although BAL has 
been demonstrated to be very useful for clinical diagno-
sis, a number of questions remain unresolved on how 
these cells reflect the pathophysiology of other lung 
compartments. The use of BAL to investigate the alveo-
lar component of the patient’s lung has been widely 
developed since the mid 1970s [63], and in one of the 
most frequently cited papers on BAL, published more 
than 30 years ago, the authors stated that “Over the past 
10 years, these techniques have allowed enormous 
insight into how the human pulmonary inflammatory 
and immune systems function both in health and dis-
ease” [35]. During the 20 years between 1980 and 2000, 
a very large number of studies reported the value of 
BAL in the management of various pulmonary diseases, 
particularly those observed in immunocompromised 
patients or patients with hematologic malignancies. All 
data obtained by BAL together with a better understand-
ing of the clinical and radiological features of pulmo-
nary complications associated with hematologic 
malignancies and the various situations potentially 
encountered in the everyday care of patients are now 
fairly well known. According to various hematologists 
the need for diagnostic BAL is considered to have 
decreased over the last 10 years. Moreover, with the 
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routine use of prophylaxis, the spectrum of pulmonary 
complications has evolved, and the value of bronchos-
copy is now more controversial [55]. A major question 
in 2010 is therefore what is the real value of BAL in 
everyday management of these patients?

In contrast with the recent report by [61] entitled “Is 
BAL useful in patients with acute myeloid leukemia 
admitted in ICU for severe respiratory complications?,” 
which concluded that patients with leukemia and lym-
phoma derived limited benefit from this procedure, we 
would like to discuss the various areas in which cyto-
logical examination of BAL fluid remains a particu-
larly useful diagnostic tool in these patients.

As an overview to this chapter, it should be noted that 
the diagnosis of pulmonary diseases associated with 
hematologic malignancies, such as pulmonary hemor-
rhage and pulmonary alveolar proteinosis, is based on 
BAL analysis not requiring pathologic examination of 
tissue samples. In primary lung lymphomas, BAL cytol-
ogy is a particularly valuable first-line diagnostic proce-
dure, and, in other situations, BAL cytology may make 
a major contribution to the diagnostic decision.

17.1  Bronchoalveolar Lavage  
Cytology: Main Technical Points

17.1.1  Routine Cytology

BAL fluid is usually collected by fiberoptic bronchos-
copy after instillation of 3 × 50 mL of saline solution 
kept at 4°C. The cytologist must take the ratio of 
recovered-to-instilled fluid into account to assess the 
significance of the results obtained. In addition to the 
samples sent to the cytology laboratory, other fluid ali-
quots are also systematically sent for bacteriologic, 
virologic and fungal cultures. The first step of the cell 
analysis procedure is a cell count usually using a 
hemocytometer grid, then centrifugation (1,200 rpm 
for 10 min) to obtain a 106 mL−1 cell concentration. 
Simple smears and cytospin preparations are obtained 
[in our practice, at least 4–6 cytospin preparations 
(100 mL of the 106 mL−1 cell suspension) are prepared 
by using a Cytospin Shandon Instrument (500 rpm for 
10 min)]. After air-drying, the smears are stained by 
the May-Grunwald-Giemsa method (other staining 
methods may be used, such as Papanicolaou’s or Diff 
Quick stain to obtain rapid results). A differential cell 

count (macrophages, lymphocytes, neutrophils, 
eosinophils and mast cells) is obtained by counting at 
least 200 random cells.

A normal BAL cell count is about 130 ± 20 103 mL−1 
cells in non-smokers and 420 ± 50 103 mL−1 cells in 
smokers. The normal cell distribution is: lymphocytes 
15 ± 3% (CD3+ T cells >95% with a CD4/CD8 ratio 
»2.5; CD19+ B cells <2%) neutrophils <3% and 
eosinophils <1%. However, the cell distribution 
observed on BAL is a snapshot of the intraalveolar 
cellular milieu, and when interpreting an unusual cell 
distribution, e.g. lymphocytes, the cytologist must 
bear in mind that increased numbers of cells in BAL 
fluid could be due to increased influx, increased local 
proliferation, reduced apoptosis or decreased efflux 
or even a combination of all these parameters [51].

17.1.2  Electron Microscopy

For ultrastructural study, a 20-mL aliquot of fresh BAL 
fluid is immediately fixed in an equal volume of 2.5% 
glutaraldehyde in 0.1 M cacodylate buffer for 1 h at 
4°C. The pellet is then collected by centrifugation 
(1,500 rpm for 10 min) and processed for transmission 
electron microscopy as usual [6].

17.1.3  Histochemical and 
Immunohistochemical Analysis

A smear is systematically stained by Perls’ method to 
detect hemosiderin-laden macrophages. Other his-
tochemical stains may also be useful, such as Periodic-
Acid Schiff reaction and Alcian blue for extracellular 
deposits (see: alveolar proteinosis) or oil red O for 
intra-macrophage lipid deposits.

Immunocytochemistry that used to be performed on 
simple smears or cytospin preparations for lymphocyte 
subtyping has now been replaced by flow cytometry 
analysis.

17.1.4  Flow Cytometry

Flow cytometry is essential for determination of lym-
phocyte subpopulations. Aliquots of 5 × 106 mL−1 cell 
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suspension are directly incubated with anti-CD45, anti-
CD3, anti-CD4 and anti-CD8 for T cells, and anti-CD19 
(and/or anti-CD79a) for B cells. In the case of an 
increase of the CD19-positive cell population or in the 
presence of lymphoplasmacytic cells or atypical lym-
phoid cells, BAL cells may be incubated with anti-k and 
anti-l light chain monoclonal antibodies using either 
the membranous or intracellular staining procedure. 
Systematic labeling using isotypic controls is performed. 
Lymphocyte subsets are determined by flow cytometry. 
Cytometric analysis of BAL cells using standardized 
procedures with optimum antibody concentrations and 
gating strategies has been clearly demonstrated to be 
correlated with immunocytochemical staining [54, 69]. 
This technique using commercially available antibodies 
offers a particularly reproducible and less time-consum-
ing method than immunocytochemistry “on slides,” 
with access to a wide range of labeled monoclonal anti-
bodies and using a three- or four-color cytometer.

17.1.5  Molecular Biology Cell Analysis

Most reports concerning molecular biology analysis of 
BAL cells in hematologic malignancies have con-
cerned the detection of monoclonal populations of B 
lymphocyte in lymphomas [77] based on the detection 
of rearrangements of genes encoding the B-cell immu-
noglobulin receptor using polymerase chain reaction 
(PCR). For this purpose, fresh or frozen cells are trans-
ferred to the molecular biology laboratory for DNA 
extraction and PCR analysis [56, 77].

17.2  Pulmonary Diseases in Which BAL 
Cytology is Diagnostic

17.2.1  BAL Cytology and the Diagnosis of 
Pulmonary Infectious Disease

BAL has been clearly demonstrated to be useful for 
the diagnosis of pulmonary infectious complications 
occurring in patients with hematologic malignan-
cies [15,34,48], but should BAL samples still be 
sent to the cytopathology unit or only to micro-
biology laboratories?

As discussed in the various chapters of this book, 
pulmonary opacities in these patients can be due to a 
wide range of causes, in which BAL can be useful for 
diagnosis. Characteristic cytopathogenic effects are 
diagnostic for cytomegalovirus infection (Fig. 17.1) 
[15,16], and the cellular pattern also provides addi-
tional information on detection of the infectious agent 
itself, as in the case of Pneumocystis carinii (PCP) 
infection (Fig. 17.1).

Acute hypoxemic respiratory failure in patients 
with chronic lymphoproliferative disease after bone 
marrow transplantation or chemotherapy should be 
considered to denote Pneumocystis pneumonia until 
proven otherwise [5].

BAL has been shown to be diagnostic in HIV-
negative patients by detecting PCC in 78–87% of 
patients [9,52]. While in HIV-positive patients PCP is 
associated with numerous cysts and trophozoites 
observed on MGG-stained smears, in patients with 
hematologic malignancies only a few cysts are usually 
observed, which could make the diagnosis more diffi-
cult. Cytologic analysis comparing BAL in HIV-
negative and HIV-positive patients with PCP [50] 
showed no difference for neutrophils, while eosino-
phils and lymphocytosis >15% were observed signifi-
cantly more frequently in BAL specimens from 
HIV-positive patients [28]. However, in BAL from 
HIV-negative patients, PCP is characterized by lym-
phocytosis associated with lymphoplasmacytic cell 
proliferation [27]. Therefore, in the presence of an 
increase in alveolar lymphocytes associated with a 
lymphoplasmacytic proliferation, MGG or Gomori-
Grocott stained smears must be examined very meticu-
lously to detect rare cysts.

The presence of large numbers of neutrophils is 
highly suggestive of bacterial infection. Careful 
examination looking for intracellular bacteria is very 
important, as it has been demonstrated that the per-
centage of BAL cells containing intracellular bacte-
ria in nosocomial pneumonia is closely correlated 
with the total number of bacteria obtained from cor-
responding lung samples [12] (Fig. 17.1). However, 
in neutropenic patients, severe neutropenia can be 
concomitant with decreased cellularity of the alveo-
lar space, particularly affecting alveolar mac-
rophages and neutrophils, and pulmonary bacterial 
infection may therefore not be associated with an 
increased number of alveolar neutrophils in BAL 
fluid [18].
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Fig. 17.1 Photographs of cysts of Pneumocystis carinii (a, b), 
intranuclear and intracytoplasmic inclusions characteristic of 
CMV infection (c), neutrophils containing intracellular bacteria 
(arrows) (d), erythrophagocytosis (arrow) observed within alve-

olar macrophages (e) and siderophages stained blue by the Perls’ 
reaction (f) (Staining method: a, c–e: May–Grunwald–Giemsa; 
b: Grocott; f: Perls)
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17.2.2  BAL and Diagnosis of Pulmonary 
Hemorrhage

Pulmonary hemorrhage is a frequent event in patients 
with hematologic malignancies due to infections as 
well as blood coagulation disorders [33] or after 
hematopoietic stem cell transplantation [2, 3, 15].

Diffuse alveolar hemorrhage is the paradigm of 
the diagnostic value of BAL. Alveolar hemorrhage 
can be diagnosed by progressively bloodier returns, 
but the presence of red blood cells in BAL fluid can 
be related to instrumental trauma, as most of these 
patients present clotting disorders (thrombocytope-
nia, etc.), and the appearance of the BAL return is not 
reliable for diagnosis [2]. The hallmark of alveolar 
hemorrhage is the presence of siderophages. 
Siderophages are alveolar macrophages that have 
phagocytosed red blood cells and digested them in 
their lysosomal compartment. The remnants of these 
red blood cells are intracytoplasmic deposits of hemo-
siderin, which stains dark blue by Prussian blue dur-
ing Perls’ reaction using the ferrocyanide reagent 
(Fig. 17.1). It may take 33–72 h after acute alveolar 
hemorrhage for hemosiderin-laden macrophages, i.e., 
siderophages, to appear in BAL and at least 2–4 weeks 
for siderophages to clear from the lung and airways 
[68]. Due to the delayed appearance of siderophages, 
the absence of Perls’ positive siderophages in the 
BAL fluid does not exclude the possibility of recent 
(less than 33–48 h) alveolar bleeding (or old bleeding 
more than 12 days previously, as hemosiderin is 
cleared after a few days) [68, 3]. When alveolar hem-
orrhage is strongly suspected on bloody returns of 
BAL without siderophages, bronchoscopy repeated 
several days later might show the presence of 
siderophages [3]. However, if the BAL fluid kept at 
4°C has been rapidly sent to the cytopathology unit, 
the observation of erythrophagocytosis by alveolar 
macrophages is a valuable criterion for recent intraal-
veolar bleeding (Fig. 17.1).

Golde DW et al. [30] introduced a ranking score 
evaluating the hemosiderin load in alveolar mac-
rophages. After staining cytospin preparations for 
hemosiderin, 200–300 macrophages were counted, 
and each cell was graded for hemosiderin on a scale 
from 0 to 4 (0 = no blue color; 1 = faint blue staining of 
the cytoplasm; 2 = dense blue color in a minor portion 
of cytoplasm or medium color intensity throughout the 

cell; 3 = dark blue color in most of the cytoplasm; 
4 = dark blue throughout the cytoplasm). A mean score, 
i.e., the Golde score, for 100 cells was calculated, 
where zero is the minimum score and 400 is the maxi-
mum score. In the initial publication [30], BAL from 
seven healthy volunteers was used as control, and the 
observed score was 11 ± 14 (SE). Hemosiderin resorp-
tion was therefore considered to be normal when the 
Golde score ranged from 0 to 20. The presence of alve-
olar hemorrhage was considered when the score was 
situated in the medium range from 20 to 70, and there-
fore associated with so-called occult alveolar hemor-
rhage, and a score >70 [30] or >100 [37] was highly 
significant of obvious alveolar hemorrhage. The Golde 
score has been used to identify pulmonary hemorrhage 
in various clinical contexts, such as leukemia [30], 
immunocompromised hosts [37] or pulmonary veno-
occlusive disease [62].

More recently, we, as well as other authors [2, 3, 22]  
have used the presence of 20% or more hemosiderin-
laden macrophages as the diagnostic criterion for dif-
fuse alveolar hemorrhage. To obtain such a criterion 
the Golde score was compared to the percentage of 
siderophages stained by Prussian blue counted on at 
least 200 macrophages in 47 BALs from immunocom-
promised patients [22]. A percentage of siderophages 
between 20% and 67% was correlated with a Golde 
score between 20 and 100 and was classified as inter-
mediate by [37], whereas a percentage of siderophages 
greater than 67% was correlated with a Golde score 
greater than 100 and was classified as severe by [37]. 
In normal individuals, the percentage of siderophages 
was always less than 10% [22]. A percentage of 
siderophages within the alveolar macrophage popula-
tion greater than 20% is therefore significant for the 
presence of alveolar hemorrhage. This method is sim-
pler and faster than the Golde score to establish the 
diagnosis [2, 3].

17.2.3  BAL and Diagnosis of Secondary 
Alveolar Proteinosis

Pulmonary alveolar proteinosis (PAP) is a rare disease 
characterized by deposition in the air spaces of a gran-
ular extracellular material composed of proteins and 
lipids [24]. Secondary PAP develops in association 
with conditions involving functional impairment or 
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reduced numbers of alveolar macrophages and/or type 
II pneumocytes, as in some hematologic malignancies 
[72]. It is associated with different hematologic malig-
nancies particularly acute and chronic myeloid leuke-
mia [16, 17, 36, 53, 67, 71].

PAP is a good example of a lung disease in which 
BAL is useful for early diagnosis and treatment [17]. 
Bronchoalveolar lavage fluid in patients with PAP has 
an opaque and/or milky appearance. Alveolar mac-
rophages are rare and often have a large and foamy, 
“destroyed” appearance associated with either 

lymphocytes or neutrophils [17]. In some samples, the 
differential cell count may not be feasible due to the 
abundance of extracellular material. The extracellular 
deposits are the hallmark of the disease and are com-
posed of large acellular bodies in a diffuse background 
of granules faintly stained by the May-Grunwald or 
Papanicolaou methods (Fig. 17.2). This proteinaceous 
material exhibits periodic-acid Schiff (PAS) staining 
(Fig. 17.2) with no significant Alcian blue staining 
except when small areas of bronchial mucus are inter-
mixed [43].

Fig. 17.2 Characteristic features of pulmonary alveolar pro-
teinosis: acellular material (star) faintly stained by the May–
Grunwald–Giemsa method (a) pink-red after periodic-acid 
Schiff (PAS) staining (b). Electron microscopy examination: 

extracellular material composed of a mixture of electron-dense 
material and osmiophilic figures (c, d). Insert in d shows the 
characteristic tubular myelin
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On electron microscopy examination, the extracel-
lular material is composed of a mixture of electron-
dense granular or amorphous material, osmiophilic 
amorphous droplets, and regular and concentric 
myelin-like laminated figures (Fig. 17.2) associated 
with tubular myelin (Fig. 17.2) characteristic of lipo-
protein aggregates and diagnostic of PAP [20]. 
Ultrastructural studies show that alveolar mac-
rophages contain giant secondary lysosomes filled 
with the same material that accumulates within the 
alveoli [31].

17.2.4  BAL and Diagnosis of Pulmonary 
Lymphoma

In contrast with some authors who have reported that 
“BAL and bronchial brushings were never diagnos-
tic” in a series of 28 patients with pulmonary AIDS-
related non-Hodgkin’s lymphoma [25], BAL is a 
particularly informative investigation that may con-
tribute to the diagnosis of either primary or secondary 
malignant lymphoproliferative disorders of the lung. 
For example, a 67% diagnostic yield of BAL has been 
reported in non-Hodgkin’s lymphoma (NHL) [60, 66]. 
However, the diagnostic yield is particularly good in 
primary B-cell lymphoma or mucosa-associated lym-
phoid tissue (MALT) type, but is low in Hodgkin’s 
disease [60].

Lymphomas may involve the lung parenchyma in 
three ways: (1) hematogenous dissemination of non-
Hodgkin’s lymphoma or Hodgkin’s disease, (2) con-
tiguous invasion from hilar or nodal lymphoma or 
(3) primary pulmonary involvement [10]. Two dif-
ferent situations may be encountered: firstly, BAL 
performed to investigate chronic pulmonary opaci-
ties suggesting a wide range of diagnoses, particu-
larly primary pulmonary lymphoma [23, 10]; 
secondly, BAL performed to investigate pulmonary 
opacities occurring during the course of a known 
 lymphoma, Hodgkin’s disease or non-Hodgkin’s 
lymphoma.

17.2.4.1  Primary Pulmonary Lymphoma

Primary pulmonary lymphomas are rare events, 
re presenting 3–4% of all extranodal non-Hodgkin’s 

lymphomas, including: (1) low-grade-B cell primary 
pulmonary lymphoma (PPL-B), the most frequent 
form (58–87%); (2) high-grade PPL-B and lympho-
matoid granulomatosis, a particularly rare disorder 
[10]. MALT (mucosa-associated lymphoid tissue) 
lymphomas represent 90% of PPL-B. There is a con-
sensus that it is important to obtain representative tis-
sue for histologic evaluation and classification of 
lymphomas, but it can be very difficult to obtain such 
samples. By showing typical lymphomatous cells or a 
clonal restricted population of lymphocytes, BAL is 
therefore very useful in this situation. In a series of 13 
patients with lymphoma, BAL showed lymphocytosis 
in every case [23], and, in a more recent study of 20 
patients, the mean lymphocytosis in primary and sec-
ondary lymphoma was 30% and 36%, respectively 
(Table 17.1) [77]. BAL is particularly useful in these 
patients when it shows lymphocytic alveolitis (lym-
phocytes >20% of total cells) (Fig. 17.3) mainly com-
posed of T lymphocytes [23], but including at least 
8–10% of B-lymphocytes [10, 14, 19, 49, 77].

The detection of abnormal lymphoid cells may also 
be diagnostic (Fig. 17.3). These cells are inconstantly 
detected [8, 39, 56, 58, 59], whereas in the series by  
Poletti (1995) [59], 67% of 15 cases of NHL and 3 of 
the 9 cases of Hodgkin’s lymphoma were identified 
by the presence of characteristic cells, and, in a recent 
series, they were observed in 9 out of 20 patients 
(45%) with pulmonary B-NHL [77]. In indolent B-cell 
lymphoma, lymphomatous cells may have morpho-
logical features that do not differ from those of 

Primary 
pulmonary 
NHL (n = 12)

Secondary 
pulmonary 
NHL (n = 8)

% lymphocytes mean 
(range)

36 (3–81) 30 (3–61)

Samples with 
abnormal cells

6 3

Lymphocyte 
phenotypes n samples 
studied

7 2

CD3% (range) 58 (27–90) 98–79
CD4% (range) 35 (11–77) 28–21
CD8% (range) 23 (8–56) 71–24
CD19% (range) 37 (9–62) 0–18

Table 17.1 Results of BAL cytology in 20 cases of pulmonary 
non-Hodgkin’s lymphoma

Modified according to [77]
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Fig. 17.3 Photographs of normal (a) and atypical lymphoplas-
macytoid lymphocytes (b) and abnormal lymphoid cells from 
pulmonary non-Hodgkin lymphoma (c, d) mixed with red blood 
cells and alveolar macrophages (Staining: May-Grunwald-
Giemsa method). Example of flow cytometry analysis of immu-

noglobulin light chain expression gated on alveolar CD19 
lymphocytes (top of e and f) showing a normal distribution of k 
and l light chains (e) and a k light chain restriction demonstrat-
ing a B-cell monoclonality (f)
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normal (Fig. 17.3) or “activated” lymphocytes. 
Atypical lymphocytes with nuclear membrane irregu-
larities and indentations or lymphoplasmacytoid lym-
phocytes may be observed, and their presence is 
suggestive of the diagnosis (Fig. 17.3). As already 
emphasized, these same morphological features may 
also be present in non-malignant lymphoproliferative 
disorders, such as lymphocytic interstitial pneumonia 
or diffuse Castelman’s disease [60]. In high-grade 
B cell lymphoma, characteristic malignant cells (large 
cleaved and non-cleaved cells) are suggestive of the 
diagnosis [60].

As lymphocytes can spread from the lung paren-
chyma to the alveolar air spaces, the lymphocyte rep-
ertoire recovered by BAL reflects the pulmonary 
infiltration repertoire, and it has been demonstrated 
that the same dominant B-cell clone is detected in 
BAL fluid and in lung biopsies of lymphoma 
[8, 39, 56, 77]. Demonstration of B-cell monoclonal-
ity is mandatory for a precise diagnostic report. B-cell 
monoclonality is demonstrated by immunocytochem-
istry or flow cytometry assessment of immunoglobu-
lin light chain restriction [39, 49, 58] (Fig. 17.3). 
Gene rearrangement analysis, i.e., Ig gene clonal 
rearrangements, using molecular biology, initially 
Southern blotting, but now usually polymerase chain 
reaction (PCR) [8, 39, 56, 77], can confirm the results 
obtained by flow cytometry assessment of immuno-
globulin light chain restriction.

Zompi S et al. [77] demonstrated the feasibility 
of clonality analysis of BAL cells by complementary 
molecular analysis of lymphocytes in routine prac-
tice based on the detection of rearrangements of the 
gene encoding the B-cell immunoglobulin receptor 
using PCR [77]. In a series of 106 patients with clin-
ical suspicion of pulmonary NHL, the detection of a 
strong B-cell clonal population within the BAL cell 
population was associated with the diagnosis of pul-
monary NHL (p < 0.0001) with 97% specificity and 
95% negative predictive value [77]. However, they 
noticed that a minor benign B-cell clone can also be 
detected, particularly in autoimmune and chronic 
infectious diseases, but its predictive value for the 
subsequent development of lymphoma remains 
unclear [77].

A similar approach has been used for pulmonary 
sites of T-cell CD3−/CD8+ lymphoma by analy-
zing the clonal rearrangement of the T-cell receptor 
[39].

17.2.4.2  Other Lymphomas and Hodgkin’s 
Disease

Reports on BAL cytology and the diagnosis of other 
types of pulmonary lymphomas are rare. BAL may be 
appropriate for investigating pulmonary parenchymal 
involvement in Hodgkin’s disease, as Reed-Sternberg 
cells may be observed in BAL [26,74], but reactive 
large lymphoid cells must not be mistaken for Reed-
Sternberg cells, which must meet all of the classical 
diagnostic criteria. The diagnostic yield of BAL for the 
diagnosis of Hodgkin’s lymphoma seems to be low 
(33% in [66]), but no large series has been published.

Diffuse myelomatous pulmonary infiltration may 
be diagnosed by BAL in the presence of monoclonal 
plasma cells [38].

17.3  Even When BAL Cytology Is Not 
Definitely Diagnostic, It Can 
Provide Valuable Clues

17.3.1  Detection of Hematologic 
Malignant Cells in BAL  
in Leukemia

Pulmonary leukemic cell infiltrates are found at 
autopsy in 31–66% of patients dying from leukemia 
[33], but symptomatic leukemic infiltration of the lung 
is the least common cause of pulmonary infiltrates 
[4,60]. However, BAL detection of malignant cells has 
been reported to be very valuable for the diagnosis of 
specific pulmonary infiltration, particularly in acute 
monocytic leukemia [4,65]. Rossi et al. [65] first 
reported the detection of 20% of monoblastic cells in 
the BAL of a patient with monocytic leukemia. Azoulay 
et al. [4] subsequently reported a series of 20 patients 
admitted for acute respiratory failure due to acute 
monocytic leukemia and detected monoblastic cells in 
four cases (20%). The presence of blast cells in BAL 
fluid may be difficult to interpret when the peripheral 
blood blast cell count is particularly high, as BAL fluid 
may be contaminated by peripheral blood cells [4].

When a pulmonary site of a chronic lymphoid leu-
kemia is suspected, similar rearrangements of the gene 
encoding the B-cell Ig receptor should be observed in 
BAL and blood lymphocytes, but as these patients 
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usually have a high blood lymphocyte count, the results 
must be interpreted cautiously.

Reports of the contribution of BAL to the diagnosis 
of pulmonary leukemic infiltration can therefore be 
considered to be anecdotal [60].

17.3.2  Other Malignant and Atypical 
Epithelial Cells in BAL Fluid

Lung cancer may occur in patients with hematologic 
malignancies, as lung cancer is one of the two most 
common solid tumors occurring after Hodgkin’s dis-
ease [1,41] and has been the subject of recent reports 
after non-Hodgkin’s lymphoma (NHL) [21,46,47]. 
Bronchioloalveolar carcinomas have been rarely 
reported after treatment for Hodgkin’s disease [40] or 
leukemia, particularly with busulfan [13,45]. It is now 
widely recognized that BAL cytology provides a 
major contribution to the diagnosis of peripheral lung 
carcinoma, particularly adenocarcinomas with a 
pneumonic pattern in which a diagnostic yield of 
66% has been reported [75]. However, numerous 
non-neoplastic lung diseases may be associated with 
atypical cells in BAL specimens, raising diagnostic 
challenges with malignant neoplasms [57, 60]. 
Atypical cells may be seen as single cells or in clus-
ters mimicking cells desquamating from bronchi-
oloalveolar carcinomas (Fig. 17.4). Bone marrow 
transplant (BMT) recipients have many predisposing 
factors to the presence of atypical cells in BAL 

specimens: recent cytoreductive treatment, positive 
bacterial cultures or graft-versus-host disease [32]. 
Reactive type II pneumocytes, large cells with a large 
round nucleus and a dark blue stained cytoplasm after 
MGG staining, are frequently observed in the case of 
alveolar damage [60].

17.3.3  Drug-Induced Lung Toxicity

In hematologic patients with acute hypoxemic respira-
tory failure, BAL is considered to be essential, first to 
rule out an opportunistic infection, but also to look for 
evidence of drug-related toxicity [5,11].

The various patterns of infiltrative drug-induced 
respiratory diseases were reviewed in a recent 
exhaustive review by Camus P et al. [11]. In nonspe-
cific interstitial pneumonia (NSIP) (caused by meth-
otrexate in the majority of cases, or azathioprine, 
chlorambucil, cyclophosphamide and rarely vinca 
alkaloids), BAL fluid usually shows a lymphocytic 
infiltration. CD4+ and CD8+ lymphocytes have both 
been shown to contribute to alveolitis [29]. A low 
CD4+/CD8+ ratio of alveolar lymphocytes is sug-
gestive, but not diagnostic for drug-induced lung dis-
ease [11]. Recently pulmonary drug reaction induced 
by dasatinib treatment for chronic myeloid leukemia 
has been reported with lymphocytic (25–92%) alveo-
litis and a CD4/CD8 ratio between 2.9 and 4.8 [7]. 
Another pattern, consisting of T-cell lymphocytic 
alveolitis associated with scattered eosinophils, is 

Fig. 17.4 Photographs of alveolar non-malignant atypical cells (a) and clusters of malignant cells from bronchioloalveolar carci-
noma (b). (Staining: May–Grunwald–Giemsa method)
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highly suggestive of drug-induced lung damage as 
observed for methotrexate [59]. True pulmonary 
eosinophilic pneumonia is rarely observed as an 
adverse drug reaction in patients with hematologic 
diseases in contrast with patients in other settings 
where many drugs may induce this pattern of lung 
reaction [11]. Organizing pneumonia is a distinctive 
lung response; increased numbers of lymphocytes, 
neutrophils or eosinophils may be observed, but there 
is no distinctive BAL pattern.

17.3.4  Miscellaneous Situations

Acute non-infectious eosinophilic pneumonia not 
related to adverse drug reaction has been reported after 
stem cell transplantation [73,76].

The association of alveolar lymphocytosis and 
GVHD is well known, but the pathogenesis of pul-
monary GVHD is still poorly understood. In a mouse 
model, the acute phase of GVHD appears to be 
mediated by CD8+ cells, whereas CD4+ cells are 
associated with the chronic form [60]. However, in 
patients, late onset of interstitial pneumonitis 

following allogeneic bone marrow transplantation 
has been associated with lymphocytic alveolitis with 
an overall expansion of the CD8+ subset [42]. More 
recently, a study on BAL fluid cell composition in 
pediatric bone marrow transplant (BMT) recipients 
with pulmonary GVHD showed BAL lymphocytosis 
associated with severe epithelial cell atypia. The 
authors concluded that this pattern “may suggest the 
diagnosis” of pulmonary GVHD, but is not diagnos-
tic per se [64].

Other lung diseases not directly associated with 
hematologic malignancies may be present in these 
patients. For example, as an illustration of the value 
of systematic immunophenotyping of lymphocytes, 
sarcoidosis was demonstrated in a patient with 
chronic lymphocytic leukemia due to the predomi-
nance of CD4+ T cells instead of B lymphocytes in 
BAL fluid [44].

17.4  Conclusion

The various “cytological” situations most frequently 
encountered are summarized in Table 17.2.

Cytology Complementary investigation Diagnosis

Siderophages >20% None Alveolar hemorrhage

Abundant extracellular material PAS; Alcian blue Secondary PAP

Abnormal cells Immunotyping and genotyping NHL or Hodgkin’s leukemia benign or 
malignant atypical cells Lymphoid

 Myeloid Immunotyping (TTF1) and molecular 
biology (Ras, EGFR mutations) Epithelial

Lymphocytosis CD4 and/or CD8 T 
lymphocytes, B lymphocytes >8%

Light chain clonality and IgR 
rearrangement

Adverse drug reaction, B-cell lymphoma; 
CLL

Neutrophils >+++ Intracellular bacteria Bacterial infection; ARDS

Eosinophils >++ Adverse drug reaction

Table 17.2 Summary of the more frequent “cytological” situations encountered in BAL cytology in hematologic patients
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18.1  Introduction

Determining the etiology of pulmonary infiltrates in 
patients with hematological malignancies (HM) is 
challenging, and early empirical treatment with broad-
spectrum antimicrobial agents is therefore used when 
an infection is suspected, with the goal of improving 
patient outcomes. However, selection of the empirical 
antibiotics benefits considerably from the early identi-
fication of organisms such as Streptococcus pneumo-
niae, Haemophilus influenzae, nosocomial bacteria, 
Mycoplasma pneumoniae, Chlamydophila pneumo-
niae, Legionella pneumophila, viruses, and fungi.

Traditionally, the identification of causative bacte-
ria rests on blood cultures: sputum cultures for com-
mon pathogens and M. tuberculosis; serological tests 
for C. pneumoniae, M. pneumoniae, and L. pneumo-
phila; and cultures of specimens obtained using inva-
sive techniques such as endoscopic bronchial aspiration 
or bronchoalveolar lavage (BAL). These methods are 
slow to produce results, lack sensitivity, and are influ-
enced by previous antibiotic therapy. The diagnostic 
yield of BAL for identifying the cause of pulmonary 
infiltrates in patients with HM has varied between 31% 
and 49% [6, 28, 35, 36, 68, 85]. Thus, BAL has a lim-
ited impact on early therapeutic decisions. In recent 
years, noninvasive techniques such as L. pneumophila 
or S. pneumoniae antigen detection in urine have 
proved capable of providing the early etiological diag-
nosis of infections and, therefore, of allowing the early 
administration of appropriate antimicrobials. In addi-
tion, recent advances in molecular diagnostic technol-
ogy, such as nucleic acid amplification (PCR), have 
improved the ability to rapidly identify the cause of 
pneumonia [46]. PCR detects minute amounts of 
nucleic acid from potentially all respiratory pathogens 
and is less affected by prior antimicrobial therapy than 
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are culture-based methods [47]. PCR is probably more 
sensitive than most comparator culture-based diagnos-
tic tests, as it is affected neither by decreased organism 
viability associated with specimen transportation nor 
by previous antibiotic therapy. It must be kept in mind 
that PCR does not differentiate between viable and 
nonviable bacteria and that there are no clear data in 
the literature on DNA decay after the end of antibiotic 
treatment.

The use of antigen detection in clinical samples 
and recent advances in real-time amplification sys-
tems are discussed here with reference to respiratory 
bacteria known to cause pneumonia in patients with 
HM. Unlike the identification of viruses and fungi, 
for which these new methods have been evaluated in 
immunocompromised patients [25, 35, 51, 57, 87], 
the identification of bacteria has been mainly evalu-
ated in patients with community-acquired infec-
tions. Table 18.1 lists the methods that can be used 
in immunocompromised patients with suspected 
pneumonia.

18.2  PCR

PCR techniques play a major role in the diagnosis of 
infections that are either very difficult or impossible to 
diagnose rapidly by other methods. PCR is especially 
useful for detecting pathogens that are not known to 
colonize the human respiratory tract (e.g., Legionella 
species), as a positive result strongly suggests infec-
tion. To date, PCR methods have been developed for 
all the major pneumonia-causing pathogens, and com-
mercial assays are available for some of them. However, 
few studies have compared different assays, and the 
techniques have not been standardized.

PCR detection involves the extraction of bacterial 
DNA from the sample (nasopharyngeal aspirate, BAL, 
sputum, or throat swabs), followed by amplification 
using primers. Increasingly, real-time PCR techniques, 
based on fluorescent probes, are superseding the tradi-
tional PCR tests in which the products obtained at the 
end of the amplification cycles are revealed on agarose 
gel (end-point reaction). The main advantages of real-
time PCR are rapidity; safety; ability to quantify bacte-
rial DNA in the specimen; and, given that a single tube 
is used for all the steps, a reduced risk of cross-
contamination.

Cases of culture-positive samples with negative 
PCR results may be due to DNA degradation, delayed 
assay performance, or presence of specific inhibitors. 
Samples, such as sputum or BAL, may include inhibi-
tors, which can cause false-negative results. Therefore, 
an internal control coextracted with the clinical sam-
ples must be used to ensure accurate control of the 
entire assay [67].

PCR techniques target a single organism (simplex 
PCR), multiple organisms (multiplex PCR), or all 
organisms (universal PCR).

18.2.1  Specific PCRs in Respiratory 
Samples

18.2.1.1  Intracellular Bacteria

Patients with suspected respiratory infections are gen-
erally evaluated using PCR tests that target specific 
organisms to diagnose atypical pneumonia or pneumo-
nia due to fastidious organisms. These organisms are 
theoretically not found as commensals in the respira-
tory tract, and qualitative detection is therefore appro-
priate [79].

 M. pneumoniae, C. pneumoniae

M. pneumoniae can be cultured in a routine labora-
tory on acellular media, but the results are obtained 
only after 2–3 weeks, and the test is relatively insen-
sitive [19]. C. pneumoniae can be cultured only on 
cell lines in specialized laboratories, which requires 
5–10 days. As a result, the diagnosis of these two 
organisms relied until recently on serological tests, 
whose disadvantage is that they provide only a retro-
spective diagnosis. In addition, IgM antibodies to  
M. pneumoniae can persist for years, with levels 
remaining elevated in asymptomatic individuals [62], 
particularly healthy children. Furthermore, the vari-
able specificity and sensitivity of current test kits 
influence the significance of the serological results 
[5]. Both organisms require treatment with mac-
rolides, tetracyclines, or fluoroquinolones, and there-
fore sensitive, specific, and fast detection methods 
available in routine bacteriological practice would be 
valuable. Real-time PCR is being increasingly used 
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for the rapid diagnosis of these organisms [21, 22, 
48]. Recently, PCR was found better than serology 
for confirming M. pneumoniae infection in the clini-
cally important first week after pneumonia symptom 
onset [61]. Nevertheless, in case of late sampling or 
clearance of the organism following antibiotic treat-
ment, PCR detection may be less sensitive than serol-
ogy [37]. The targets most commonly used for M. 
pneumoniae are adhesin P1, 16S rRNA, and ATPase 
operon gene, and for C. pneumoniae, the outer mem-
brane protein ompA and ARNr16S. These specific 
targets can be sought in samples contaminated with 
commensal flora such as sputum, potentially contam-
inated BAL, or throat swab containing cells or 
nasopharyngeal aspirates. Sputum samples have been 
shown to be more useful than upper respiratory tract 
samples for PCR identification of M. pneumoniae and 
C. pneumoniae [20, 69, 77]. The time-to-result varies 
across methods from 50 to 90 min. Commercial real-
time PCR kits showed variable sensitivities, and their 
cost was five times higher than that of an in-house 
assay [81].

 Legionella

Legionella species are among the most underdiag-
nosed causes of pneumonia, due to the major short-
comings of existing diagnostic tests. Isolation of the 
organism is usually the preferred method but has sev-
eral limitations, including fastidious growth require-
ments, extended incubation periods (3–10 days), and 
overgrowth by other bacteria. Direct L. pneumophila 
detection in clinical specimens by immunofluores-
cence methods is rapid but lacks sensitivity. Finally, 
soluble polysaccharide antigen detection in urine 
detects only L. pneumophila 1 [73]. PCR for rapid 
L. pneumophila diagnosis, in contrast, detects all 
Legionella species [16, 32, 53, 70, 89]. The most fre-
quently described Legionella PCR targets are the mip 
gene (macrophage infectivity potentiator), a virulence 
gene present in the majority of Legionella species, and 
the ADNr 5S gene. As Legionella does not colonize 
the human respiratory tract, the specific target genes 
can be sought in samples contaminated with commen-
sal flora such as sputum or potentially contaminated 
BAL. PCR can now be considered the test of choice 
for legionellosis [59], but standardized protocols need 
to be developed.

18.2.1.2  Common Bacteria (S. pneumoniae,  
H. influenzae, Staphylococcus aureus, etc.)

Pulmonary infections due to common bacteria are 
underdiagnosed because of the limitations of conven-
tional diagnostic tests. Blood cultures lack sensitivity, 
particularly in patients who have received previous 
antibiotic treatment. Isolation of S. pneumoniae or 
H. influenzae from sputum or BAL may occur as a 
result of oropharyngeal contamination. Conversely, iso-
lation may fail because of previous antibiotic therapy, 
poor transportation conditions, or small inoculum size.

Recently, studies have been carried out on PCRs tar-
geting pyogenic bacteria. However, these tests may be 
difficult to interpret, as pyogenic bacteria may be pres-
ent in the commensal flora, making it difficult to distin-
guish between colonization and infection. These PCRs 
are therefore feasible in routine practice only on sam-
ples that do not contain pyogenic bacteria as commen-
sals, such as pleural fluid or lung biopsies. Preliminary 
evaluations of PCR applied to pleural fluid indicate 
good sensitivity for the diagnosis of pneumococcal 
pneumonia [23, 47]. In theory, BAL fluid and sputum, 
which are often colonized by S. pneumoniae or  
H. influenzae, particularly in children, can be used only 
if cultures are negative. Nevertheless, a number of 
investigators have assumed that quantitative PCR may 
be useful for assessing these contaminated respiratory 
samples, as the bacterial burden is higher in infection 
than in colonization [40, 43]. The amount of target 
nucleic acid in the sample is inversely related to the 
cycle threshold (Ct) value. This relationship can be 
used to establish a Ct value cutoff that provides optimal 
sensitivity and specificity by preventing false-positive 
results due to colonization with small numbers of 
organisms. A panel of six real-time PCR assays, includ-
ing the lytA gene of S. pneumoniae and the 16S rRNA 
genes of H. influenzae and S. pyogenes, were used by 
Morozumi et al. [56] in a study of 429 clinical samples 
(sputum, nasopharyngeal aspirates, or throat swabs) 
from children and adults with pneumonia. Sensitivity 
and specificity, compared to clinical specimen cultures, 
were as follows: 96.2% and 93.2% for S. pneumoniae, 
95.8% and 95.4% for H. influenzae, and 100% and 
100% for S. pyogenes. The Ct values of S. pneumoniae 
and H. influenzae showed excellent correlations with 
the semi-quantitative culture results. All patients with 
positive PCR and negative culture results for these two 
pathogens had a history of previous antibiotic therapy.
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Another controlled study evaluated the culture-PCR 
correlation in 235 adults with clinically and biologi-
cally confirmed pneumonia. In patients not treated 
with antibiotics, the PCR-culture correlation was good, 
whereas in treated patients, PCR improved the etio-
logical diagnostic yield by 10%. However, in the con-
trol group, PCR performed on nasopharyngeal aspirates 
showed the presence of H. influenzae and S. pneumo-
niae in 5% and 8% of cases, respectively [78]. Recently, 
Kumar et al. found S. pneumoniae and S. aureus in 
14% and 8.5% of asymptomatic patients, respectively, 
underlining the poor specificity of PCR [46]. Specificity 
can be expected to increase in the near future with 
improvements in PCR result interpretation, including 
the determination of Ct cutoffs for quantitative PCR in 
various pulmonary samples and in well-defined patient 
populations. Another difficulty in interpreting PCR 
results stems from the specificity of the target genes 
used for pneumococcal PCR. The targets used in many 
pneumococcal PCR assays are the pneumolysin and 
autolysin genes, but recent evidence casts doubt on 
their specificity, as these genes, especially pneumo-
lysin, may been found in closely related viridans group 
Streptococci [58, 84, 88]. Recently, the Spn9802 gene 
fragment compared favorably with quantitative lytA-
based real-time PCR in distinguishing patients with 
pneumonia from control individuals [1].

18.2.1.3  Mycobacterium tuberculosis and 
Atypical Mycobacteria

PCR tests perform well on M. tuberculosis smear-pos-
itive specimens but are less sensitive than culturing. 
Therefore, PCR is recommended only for smear-posi-
tive samples, to determine the species without waiting 
for the culture result. However, in a study involving 
routine M. tuberculosis PCR in patients with HM, 
M. tuberculosis was found in 2/128 BAL specimens 
negative by microscopy, which considerably shortened 
the time to diagnosis [35].

The M. tuberculosis PCR uses two main targets: 
a specific portion of the 16S RNA gene and the inser-
tion sequence IS6110. In recent years, real-time PCR 
techniques have increasingly superseded conventional 
PCR [11, 24, 66]. Until recently, very few commercial 
M. tuberculosis PCR kits were available, whereas now 
many real-time PCR kits are on the market. It is impor-
tant to keep in mind that a negative PCR result does not 

rule out tuberculosis. Commercial PCR kits are not 
currently available for atypical Mycobacteria.

18.2.1.4  Multiplex PCR

The multiplex format allows for multiple primer com-
binations in a single reaction instead of multiple sim-
plex reactions. In addition, the required patient 
specimen size is smaller. Several studies have evalu-
ated the use of multiplex PCR for detecting atypical 
organisms or Mycobacteria [29, 42, 54, 63], a combi-
nation of atypical and common organisms [78], or viral 
and bacterial pathogens in clinical specimens [46]. In 
recent years, these in-house assays have tended to be 
replaced by commercially available products, which 
are simpler to use in the diagnostic laboratory and allow 
easier quality assurance compared to in-house assays. 
Over the last 5 years, these commercial products have 
been offered mainly for detecting atypical organisms in 
clinical specimens: M. pneumoniae and C. pneumoniae 
[34]; M. pneumoniae, C. pneumoniae, L. pneumophila, 
Legionella spp, M. pneumoniae, and Bordetella pertus-
sis [27]; C. pneumoniae, Legionella micadadei, and B. 
pertussis [42]; and M. pneumoniae, Coxiella burnetii, 
C. pneumoniae, and Legionella [12].

Multiplex PCR assays were long described as less 
sensitive than simplex PCR assays due to competition 
among primers, but two studies gave identical results 
with multiplex and simplex PCR tests [27, 34]. In con-
trast, another study showed higher sensitivity of the 
simplex PCR nucleic acid sequence-based amplifica-
tion (NASBA) versus multiplex PCR for detecting 
L. pneumophila [49]. However, the lack of an appro-
priate reference standard for the quantitative analysis 
of intracellular pathogens is an obstacle to sensitivity 
comparisons across assays.

18.2.2  Specific PCR on Blood Samples

The definitive diagnosis of pneumococcal pneumonia 
in noninvasive respiratory samples requires isolation 
of the pathogen in a blood sample. However, blood 
cultures are rarely positive [14]. On the other hand, 
pneumococcal serology has low sensitivity [8]. 
Therefore, PCR tests on blood were mainly described 
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for S. pneumoniae [15, 55, 59]. A very recent study 
showed low sensitivity of PCR in plasma for detecting 
pneumococcal pneumonia (26–35%). However, this 
test may be useful for the rapid diagnosis in bacteremic 
patients, as sensitivity reaches 60–70% in this situa-
tion. Specificity of ply PCR was low [2].

Recently, a commercial test using multiplex PCR in 
serum for numerous bacterial pathogens was evaluated 
in neutropenic patients [82]. However, this test has not 
been specifically assessed in patients with lung 
infiltrates.

18.2.3  Universal PCR

Universal PCR detects a gene found in all bacteria, 
usually the gene coding for 16S ribosomal RNA. The 
sequence of this gene allows the identification of  
most bacteria, without a presumptive diagnosis. This 
sequence includes conserved and variable regions. 
Universal primers are selected for conserved regions 
flanking a variable region, which allows differentia-
tion of bacterial species. The amplified product is then 
sequenced, and the sequence is compared to all bacte-
rial sequences contained in a database (e.g., GenBank). 
The sensitivity of this PCR varies across bacterial spe-
cies (10–100 organisms/mL). Universal PCR has been 
developed chiefly for diseases such as endocarditis, 
meningitis, and bacteremia. It is useful in case of prior 
antibiotic treatment, fastidious organisms, or small 
inoculums. It should be used only for specimens from 
normally sterile sites, where it can detect only mono-
microbial infections, as the presence of two or more 
organisms produces a mixture of non-interpretable 
sequences. This technique proved useful for diagnos-
ing pleural empyema in children (40% increase in 
diagnostic yield compared to culture) and adults (31% 
increase) [47, 52]. The main organisms detected by 
universal PCR were S. pneumoniae, anaerobic bacteria 
(Fusobacterium, Prevotella), S. aureus, H. influenzae, 
and Streptococcus milleri group. The role for universal 
PCR in pulmonary samples, which are theoretically 
contaminated by saprophytic flora, remains to be eval-
uated. If cultures are negative, then universal PCR is 
theoretically appropriate. The likelihood of finding a 
mixture of bacteria by sequencing is not known.

A microarray method has been found promising 
for the detection and identification of nine bacterial 

pathogens. For this method, universal primers ampli-
fying a conserved region of the bacterial gyrB/parE 
gene are used, and the single-stranded PCR products 
are then characterized by hybridization on an oligo-
nucleotide array. This technique can be used for mul-
tibacterial infections, for which PCR products cannot 
be directly analyzed by DNA sequencing [72].

18.3  Antigen Detection

The diagnosis of pneumonia using antigen detec-
tion has made progress in recent years. Commercial 
antigen detection assays are now widely available 
for two bacterial pathogens, L. pneumophila and 
S. pneumoniae.

18.3.1  Legionella

Urine antigen testing allows the early diagnosis and 
appropriate antibiotic therapy of legionellosis [41]. 
The capture antibody technique used in the majority 
of these assays is considered specific for L. pneumo-
phila serogroup 1, which causes most legionellosis 
cases in humans. However, as many as 40% of cases 
are related to other serogroups and are missed by the 
assay. In a recent study on the effectiveness of urine 
antigen detection, pooled sensitivity was 0.74 (95% 
CI, 0.68–0.81) and specificity was 0.991 (95% CI, 
0.984–0.997) [74].

The antigen detected is a heat-stable component of 
the lipopolysaccharide portion of the Legionella cell 
wall [44, 86]. It is generally detectable in urine as soon 
as 3 days after symptom onset and can persist for more 
than 300 days. In one study, antigen was detected in 
88% of patients tested on days 1–3 after symptom 
onset, 80% on days 4–7, 89% on days 8–14, and 100% 
after day 14 [45]. The most recent method for detect-
ing antigenuria is the immunochromatographic test 
(ICT) membrane assay. The ICT assay is similar to a 
home pregnancy test and is commercially available. 
The test is simple to perform and does not require spe-
cial laboratory equipment, and the results are obtained 
within 15 min. A study found that the ICT assay for 
L. pneumophila serogroup 1 was 80% sensitive and 
97% specific [33]. More recently, it was suggested that 
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specificity and sensitivity were higher after 30 min of 
incubation [17]. The use of concentrated urine samples 
has been suggested to increase sensitivity [7].

There is still a need for developing antigen capture 
assays that can diagnose infections with all Legionella 
species and serogroups. Twenty years ago, Tang and 
Toma developed a broad-spectrum ELISA that detected 
soluble antigens from numerous L. pneumophila sero-
groups and species by using rabbit antisera from a 
combination of intradermal, intramuscular, and intra-
venous inoculations over a period of 8 months [80]. 
Unfortunately, this test was not commercialized.

18.3.2  Streptococcus pneumoniae

The recent development of a rapid ICT assay that 
detects the C polysaccharide cell wall antigen common 
to all S. pneumoniae strains has renewed interest in 
antigen detection. The Binax Now test uses a rabbit 
anti-S. pneumoniae antibody that binds to soluble 
pneumococcal C antigen present in the sample (NOW 
Streptococcus pneumoniae test; Binax, Portland, ME). 
The resulting complex is immobilized by a band of 
rabbit anti-S. pneumoniae antibodies adsorbed onto a 
nitrocellulose membrane sample line. A second band 
of goat antirabbit IgG (control line) captures excess 
visualizing complex. Usually, a swab is dipped into 
200 mL of sample fluid and inserted into the test device. 
A buffer solution is added, and the device is closed. 
The result can be read visually after 15 min. A pink to 
purple color on both the sample and control lines indi-
cates a positive result. Color on the control line only 
indicates a negative result and absence of color on the 
control line an invalid test. Pneumococcal pneumonia 
can be diagnosed using antigen detection in urine, 
BAL fluid, or pleural fluid.

18.3.2.1  Pneumococcal Antigen Detection 
in Urine

The reported sensitivity of the ICT assay applied on 
urine samples ranges from 44.2% to 88.8% [18, 30, 50, 
60, 71, 76]. Sensitivity is higher in bacteremic than in 
nonbacteremic patients and increases when urine sam-
ples are concentrated, which is usually achieved by 
ultracentrifugation and may last for 1–4 h [50, 60, 71]. 

Several studies of the Binax Now S. pneumoniae urine 
antigen showed good performance for diagnosing bac-
teremic pneumococcal infections in adults. Sensitivity 
is good, ranging from 77% to 87% [10, 75, 76]. 
Specificities of 97–100% were found in studies that 
used controls with nonpneumococcal bacteremia or 
noninfectious disorders [75, 76].

Given its excellent specificity, this test can be con-
sidered an important tool for detecting S. pneumoniae 
in patients with community-acquired pneumonia of 
unknown etiology. It provided the diagnosis of pneu-
mococcal pneumonia in one-fourth of cases [26]. It is 
important to note that the test may remain positive for 
several weeks after pneumococcal pneumonia [3, 50] 
and that patients with detectable antigen may have 
been colonized with S. pneumoniae. Indeed, specific-
ity of the ICT urine test has been reported to be low in 
children due to nasopharyngeal carriage [31]. In adult 
patients, specificity was 89.7–100%, depending on 
the reference standard [18, 50, 71]. Antigen-positive 
results should be interpreted carefully in pneumonia 
patients with chronic bronchitis, because detectable 
antigen may be caused by pneumococcal carriage in 
the lower respiratory tract [9, 10].

In a recent study, pneumococcal urinary antigen 
detection (Binax Now S. pneumoniae Antigen Test) 
was assessed for diagnosing pneumococcal exacerba-
tions of chronic obstructive pulmonary disease 
(COPD). Forty-six patients with S. pneumoniae in spu-
tum cultures were studied during a stable period and 
during an exacerbation [4]. During the stable period, 
the antigen was detected in 10.3% of patients in non-
concentrated urine and in 41.4% of patients in concen-
trated urine. Corresponding proportions during 
exacerbations were 17.6% in nonconcentrated urine 
and 76.5% in concentrated urine. Specificity was eval-
uated by testing 72 patients whose sputum samples 
were negative for S. pneumoniae. ICT was positive in 
nonconcentrated urine from one patient and in concen-
trated urine from nine patients. Factors significantly 
associated with a positive test on concentrated urine 
were a history of at least one exacerbation (P = 0.024), 
admission for a previous exacerbation (P = 0.027), and 
pneumonia within the past year (P = 0.010). The only 
factor significantly associated with a positive test on 
nonconcentrated urine was pneumonia within the past 
year (P = 0.006). In conclusion, in COPD patients, a 
positive pneumococcal urinary antigen test during 
bronchial exacerbation or pneumonia should be 
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 interpreted with caution, as it may reflect a prior  
S. pneumoniae infection [3, 4].

18.3.2.2  Pneumococcal Antigen Detection 
in Bronchoalveolar Lavage Fluid

Little is known about the use of the ICT assay on BAL 
fluid samples. However, this test may be useful, as at 
the time of bronchoscopy most patients are receiving 
antibiotics, which are known to damage bacterial mor-
phology and prevent growth in cultures. ICT could be 
used as an adjunct to standard cytological and micro-
biological studies. However, when the result is posi-
tive, the possibility of a mixed flora or superinfecting 
pathogen should always be considered. In a retrospec-
tive study of the Binax Now Streptococcus pneumo-
niae test on BAL fluid samples from patients with 
suspected pneumonia, 96 BAL fluid samples were 
tested [38]. Sensitivity was assessed using 20 samples 
from patients with documented pneumococcal pneu-
monia. Specificity was tested using BAL fluid samples 
from patients with nonpneumococcal disease (n = 41) 
and in samples containing no respiratory pathogens 
and a total bacterial count <104 CFU/mL (n = 35). 
Pneumococcal antigen was detected in 29 (30.2%) 
samples, with 95% sensitivity and 86.8% specificity 
[38]. An older study of the ICT assay found 50% sen-
sitivity and 100% specificity [39].

18.3.2.3  Pneumococcal Antigen Detection 
in Pleural Fluid

Pleural empyema rarely complicates community-
acquired pneumonia. The rapid identification of the 
causal agent is required for effective treatment and a 
good outcome [83]. The classical microbiological tech-
nique for the diagnosis of pleural empyema is standard 
culture and microscopic examination. However, false-
negative results related to a small sample volume or 
previous antibiotic therapy are common. Testing for 
soluble pneumococcal antigens is a complementary 
approach, as the results are immediately available, and 
S. pneumoniae can be detected even after antibiotic 
initiation.

In a recent retrospective study, the ICT Binax 
Now Streptococcus pneumoniae assay was evaluated 
in adults to determine whether the detection of 

pneumococcal antigen in pleural fluid was better 
than conventional microbiological methods for the 
etiologic diagnosis of pneumonia [65]. In this study, 
the ICT assay was performed on pleural fluid sam-
ples from 34 patients with pneumonia due to S. pneu-
moniae, 89 patients with effusions of nonpneumococcal 
origin, and 17 patients with pneumonia of unknown 
etiology. The ICT result was positive in 24 (70.6%) 
of 34 patients with pneumococcal pneumonia and 
negative in 83 (93.3%) of 89 patients without pneu-
mococcal pneumonia. The pleural ICT assay was 
more sensitive than blood cultures (37.5%) and pleu-
ral fluid cultures (32.3%), but less sensitive than 
urine pneumococcal antigen detection (82.1%). 
However, three patients with pneumococcal pneu-
monia and negative ICT urine test results had a posi-
tive pleural fluid antigen test. Moreover, previous 
antibiotic exposure did not influence pneumococcal 
antigen detection in either pleural fluid or urine spec-
imens [65]. In a retrospective study in children, S. 
pneumoniae was identified in 22% of samples by 
culture and in 69% by the Binax Now assay [64]. 
This test was positive in all 15 pleural fluid samples 
that yielded S. pneumoniae in culture, two samples 
that yielded Streptococcus oralis and Streptococcus 
salivarius in culture, and 34 culture-negative sam-
ples. Fifteen of these 34 culture-negative samples 
were retrospectively tested by PCR methods, and 14 
were shown to contain S. pneumoniae DNA [64].

Similar high sensitivity was found in another study 
in children. Among 60 children with pneumococcal 
empyema, 17 were diagnosed only by PCR (43%) and 
23 by both PCR and culture. Compared to culture and/
or PCR, the sensitivity of antigen detection was 90% 
[47]. More recently, the Binax Now test was evaluated 
on pleural fluid from 73 children admitted with pleural 
effusion over a period of 4 years. Sensitivity was 88% 
and specificity 71%, with a positive predictive value of 
96% [13].

18.4  Conclusion

Although these new diagnostic methods have not been 
specifically evaluated in patients with HM, they seem 
to hold considerable promise for increasing the perfor-
mance of current diagnostic strategies. They should be 
used simultaneously on blood, BAL fluid, sputum, and 
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throat swabs, and compared with conventional cul-
tures. In the near future, molecular methods will com-
plete, rather than replace, culture-based methods for 
detecting pathogens for which antibiotic resistance is a 
concern. Antigen detection methods may also have a 
role. However, a positive L. pneumophila test indicates 
a pulmonary infection due to serogroup 1, but a nega-
tive result does not rule out active infection due to 
other Legionella species. For S. pneumonia, the inter-
pretation of the urinary antigen test results appears 
more difficult. A positive test may indicate simple col-
onization or previous pneumococcal infection, whereas 
the meaning of a negative test has not been evaluated 
in patients with HM.
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FDG 2-[F-18]-Fluoro-2-deoxy-d-glucose
PET Positron emission tomography
CT Computed tomography
MALT Mucosa-associated lymphoid tissue
IVL Intravascular large B-cell lymphoma

19.1  FDG-PET

Positron emission tomography (PET) is a diagnostic 
imaging technique in which the distribution of an 
injected radioactive tracer substance is imaged, 
whereby information on the functions and metabolic 
activity of various organs/tissues of the body is 
obtained. Many kinds of tracers have been developed 
for PET, and the most commonly used is a radioac-
tively labelled glucose analogue, 2-[F-18]-fluoro-2-
deoxy-d-glucose (FDG) (Fig. 19.1).

Similar to glucose, FDG is also transported into 
cells by the glucose transporter protein and phosphory-
lated to FDG-6-phosphate by the enzyme hexokinase. 

FDG-PET Imaging in Haematological 
Patients with Pulmonary Infiltrates

Tomohiko Yamane 

T. Yamane 
Division of Molecular Imaging, Institute of Biomedical 
Research and Innovation, 2-2 Minatojima-Minamimachi, 
Chuo-ku, Kobe 650-0047, Japan 
e-mail: yamane@fbri.org

19

Contents

19.1  FDG-PET ................................................................ 235

19.2  Lung Lesions of Haematological  
Malignancies ........................................................... 236

19.2.1  Malignant Lymphoma .............................................. 236
19.2.2  Other Haematological Malignancies ....................... 237

19.3  Lung Abnormalities Associated with  
Haematological Disorders ..................................... 237

19.3.1  Infections Associated with the  
Immunocompromised State ..................................... 237

19.3.2  Drug-Induced Pneumonitis ...................................... 238
19.3.3  Other Drug-Induced Diseases .................................. 239
19.3.4  Radiation Pneumonitis ............................................. 239
19.3.5  Second Malignancies ............................................... 239

19.4  Conclusion .............................................................. 239

References ........................................................................... 240

Fig. 19.1 Structures of (a) glucose and (b) 2-[F-18]-fluoro-2-
deoxy-d-glucose



236 T. Yamane

However, in contrast to glucose-6-phosphate, FDG-6-
phosphate does not take part in subsequent reactions of 
the glycolytic pathway and is retained within the 
cells.

Malignant cells consume more glucose because of 
their unlimited capacity for cell division and prolifera-
tion as compared to benign cells, and these metabolic 
differences are exploited for differential diagnosis 
between these conditions by FDG-PET. Therefore in 
recent years, FDG-PET has become an established 
imaging technique for the evaluation of malignant 
tumours.

FDG also accumulates in inflammatory tissues  
[1, 2]. This accumulation is considered to reflect the 
enhanced anaerobic glycolysis that occurs in neutro-
phils and macrophages infiltrating inflammatory tis-
sues. In addition, increased vessel flow, diffusion, and 
the proliferative process involved in the formation of 
granulomas have also been suggested to underlie the 
FDG accumulation in inflammatory tissues [3, 4].

FDG uptake by inflammatory tissues occasionally 
leads to false-positive diagnosis of malignant tumours. 
However, FDG-PET can also be a very useful tool for 
the diagnosis, evaluation, and follow-up of some 
inflammatory conditions.

19.2  Lung Lesions of Haematological 
Malignancies

FDG-PET is an effective tool for the diagnosis of vari-
ous malignant diseases; among these, it has been 
reported to be particularly useful for the diagnosis of 
haematological malignancies, such as malignant lym-
phoma. Pulmonary infiltrates associated with haema-
tological malignancies can also usually be visualized 
by FDG-PET, and the technique has been used for the 
evaluation of these malignancies, the distribution of 
the lesions, and also the effects of therapy.

When pulmonary abnormalities are suspected in 
patients with haematological disorders; however, 
FDG-PET is not usually included in the routine initial 
examination. The examinations that are usually per-
formed are plain radiography and computed tomogra-
phy [5] as radiological investigations, followed by 
bronchoalveolar lavage [6], biopsy [7], and/or bio-
chemical examinations [8].

Thus, FDG-PET is not usually the most commonly 
employed method for the diagnosis of lung lesions 
associated with haematological malignancies. 
However, it is important to understand how lung 
lesions are visualized on FDG-PET, because they 
sometimes occur as a component of the systemic dis-
ease. In addition, FDG-PET may be effective for 
selecting the most appropriate biopsy area [9]. FDG-
PET findings of lung lesions associated with some 
haematological diseases are described in the following 
sections.

19.2.1  Malignant Lymphoma

In relation to haematological disorders, numerous 
reports have demonstrated the efficacy of FDG-PET 
for the diagnosis, in particular, of malignant lymphoma 
[10,11]. Pulmonary lesions of lymphoma, as a compo-
nent of systemic lymphoma, can also be visualized on 
FDG-PET. In addition, characteristic lung findings 
associated with mucosa-associated lymphoid tissue 
(MALT) lymphoma and intravascular lymphoma have 
been investigated.

19.2.1.1  MALT Lymphoma

FDG uptake by MALT lymphomas is generally known 
to be lower as compared with that by other high-grade 
lymphomas [12–15]. However, some reports have sug-
gested a high sensitivity of FDG-PET for the diagnosis 
of pulmonary MALT lymphomas [16–18]. MALT 
lymphomas are most commonly detected in the stom-
ach, where physiological FDG uptake is also frequently 
observed [19]. Background uptake and tumour mor-
phology have been suggested as some of the factors 
that might influence the degree of uptake by these gas-
tric tumours; however, the precise nature of their influ-
ence is unclear. Pulmonary MALT lymphomas are 
usually characterized by heterogeneous patterns on 
FDG-PET, akin to the CT findings, although some 
cases show a homogenous uptake pattern [18, 20–22]. 
Further investigations are needed to clarify the mecha-
nisms of FDG uptake and clinical significance of the 
FDG-PET findings in patients with pulmonary MALT 
lymphoma.
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19.2.1.2  Intravascular Lymphoma

Intravascular large B-cell lymphoma (IVL), classified as 
a subtype of diffuse large B-cell lymphoma by the World 
Health Organization [23], is rare and characterized by 
clonal proliferation of neoplastic lymphoid cells within 
the capillary lumina of small blood vessels. The major 
organs involved in IVL are mainly the bone marrow, 
spleen, liver, central nervous system, skin, and lymph 
nodes [24, 25]. Pulmonary IVL is uncommon and rather 
difficult to diagnose. Although some articles have 
described the CT findings of IVL as being characterized 
by diffuse or patchy interstitial infiltrates [26–28], there 
have also been cases where final histopathological con-
firmation of the diagnosis was obtained only at autopsy 
[29, 30]. A case of IVL is reported in the last part of this 
book by Dr. Darmon and coworkers.

In a case report of pulmonary IVL without any 
abnormal findings on CT or gallium-67 scintigraphy, 
only FDG-PET revealed diffuse pulmonary uptake 
[31]. Physicians tend to hesitate to undertake invasive 
approaches, such as biopsy, for the diagnosis when CT 
reveals no abnormalities. Therefore, FDG-PET may 
play an important role in the diagnosis of pulmonary 
IVL. Articles dealing with the FDG-PET findings of 
pulmonary IVL are limited, and the sensitivity and 
specificity of the technique for the diagnosis of this 
condition or the characteristic findings of IVL on 
FDG-PET are unknown. Therefore, further research 
may provide greater insight regarding the clinical sig-
nificance of FDG-PET findings in cases with IVL.

19.2.2  Other Haematological 
Malignancies

There are some reports of the FDG-PET findings in 
multiple myeloma and plastocytoma [32] and leukae-
mia [33–35]. However, the effectiveness of FDG-PET 
for the diagnosis of these diseases has not been fully 
investigated. Although the use of other tracers that can 
reflect the cell proliferative activity, such as [F-18]-
fluorothymidine, has been discussed for evaluating the 
therapeutic effect in cases of leukaemia [36], further 
investigations are necessary. While lung lesions are 
well known to occur in leukaemia [37–39], the FDG-
PET findings have not yet been well characterised. The 

lung lesions of leukaemia may be expected to be 
 FDG-avid, and the clinical significance of FDG-PET 
in this disease must be discussed.

19.3  Lung Abnormalities Associated 
with Haematological Disorders

In patients with haematological disorders, various pul-
monary abnormalities such as opportunistic infections 
or drug-induced disorders may be encountered during 
the clinical course [6]. These lung disorders can be life 
threatening, and therefore, immediate diagnosis is 
essential.

The entire body is usually imaged in FDG-PET, and 
the imaging is often repeated to evaluate the effect of 
therapy or for patient follow-up after initial treatment 
of a malignant tumour. Occasionally, lung abnormali-
ties are unexpectedly detected even in patients without 
lesions in the lung at the initial examination. Moreover, 
an integrated PET and CT system has recently been 
introduced for PET/CT, whereby morphological infor-
mation can be evaluated simultaneously with func-
tional imaging.

Some diseases that may be diagnosed by FDG-PET 
during the treatment of haematological disorders are 
mentioned in the following section.

19.3.1  Infections Associated with the 
Immunocompromised State

Patients with haematological disorders, especially those 
in the immunocompromised state during chemotherapy, 
are at an increased risk of developing various types of 
infectious diseases. As FDG accumulates in inflamma-
tory tissues, the findings may mimic those of malignant 
tumours. For example, pneumocystis pneumonia [40, 41], 
tuberculosis [42], cryptococcus infection [43, 44], and 
aspergillus infection [45] have been reported as FDG-
avid lung lesions that need to be differentiated from lung 
malignancy. Diverse uptake patterns can be visualised on 
FDG-PET, such as diffuse, nodular, and patchy, and it 
is difficult to diagnose the causative pathogen or differ-
entiate between malignant and inflammatory lesions 
based on the uptake pattern visualised on FDG-PET 
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alone. Under such circumstances, additional delayed 
images acquired at 120–160 min post injection of FDG 
may increase the diagnostic usefulness of FDG-PET 
[46]. FDG-PET combined with other diagnostic modali-
ties, such as CT, and relevant microbiological and labo-
ratory tests are useful.

19.3.2  Drug-Induced Pneumonitis

Various drug-induced disorders of the lung may  be 
induced during chemotherapy of haematological 
 disorders. Drug-induced pneumonitis caused by 

chemotherapeutic agents is not uncommon and may 
occasionally be fatal. Such pneumonitis may be 
detected as diffuse uptake on FDG-PET, corresponding 
to the opacity visualised on CT [47–50]. In one case 
report of diffuse lung uptake of FDG suspected to be 
caused by drug-induced pneumonitis during chemo-
therapy for malignant lymphoma [51], chest CT 
obtained on the same day did not reveal any abnormali-
ties (Fig. 19.2);  however, patchy ground-grass opaci-
ties on the CT appeared 3 days later; therefore, it 
appears that FDG-PET may be more sensitive than 
conventional CT for the early lung changes associated 
with drug-induced pneumonitis. Therefore, patients 
with haematological disorders showing diffuse lung 

ba

Fig. 19.2 (a) Initial FDG-PET image of a diffuse large B-cell 
lymphoma. Abnormal uptake is observed corresponding to the 
bulky mass in the left abdomen and in the left axillary, para-
aortic, and para-external iliac artery lymph nodes (arrows). No 
increased uptake was observed in the lung. (b) FDG-PET after 
five courses of chemotherapy. Decreased, but persistent uptake 
by the bulky mass in the left abdomen was observed (arrow), 
whereas the uptake by the other lymph nodes was no longer 

seen. Although diffuse lung uptake was observed (arrowheads), 
patient did not complain of dyspnea. (c) Computed tomography 
performed after five courses of chemotherapy, immediately after 
FDG-PET. No abnormal findings are apparent. (d) Computed 
tomography performed 3 days after the initial FDG-PET and CT 
performed after five courses of chemotherapy. Patchy ground-
grass opacities are seen throughout the lung fields (Modified and 
reprinted with permission of [51])
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uptake on FDG-PET during chemotherapy should  
be examined carefully, even if the CT reveals no 
abnormalities.

19.3.3  Other Drug-Induced Diseases

Other complications that might develop during the 
treatment of haematological disorders are also 
known, such as sarcoidosis occurring in association 
with interferon therapy [52] or alveolar proteinosis 
[53]. Although there are no studies directly compar-
ing the FDG-PET findings in these diseases, they 
can nevertheless be detected by FDG-PET [54, 55]. 
FDG-PET may be useful for the diagnosis of these 
diseases.

19.3.4  Radiation Pneumonitis

One of the major complications of radiation therapy is 
pneumonitis. FDG is known to accumulate in lesions 
of radiation pneumonitis, corresponding to the con-
solidation on CT, and the degree of uptake has been 
reported to be related to the radiation dose and the 
clinical symptom severity [56, 57].

19.3.5  Second Malignancies

Occurrence of second malignancy is known in patients 
treated for malignant lymphoma, and lung cancer is 
one of the most frequently encountered second 

Fig. 19.2 (continued)

c

d
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malignancies [58, 59]. Second malignancies may be 
difficult to distinguish from the primary haematologi-
cal disorder on FDG-PET (Fig. 19.3). Differences in 
the intensity of uptake may be significant for distin-
guishing between them, but it is important to take into 
consideration the clinical data and the results of other 
imaging studies to make a precise diagnosis.

19.4  Conclusion

FDG-PET is an effective tool for the diagnosis of 
haematological malignancies as well as other malig-
nant tumours. Pulmonary lesions of lymphoma can 
be visualised on FDG-PET, as a component of 

systemic lymphoma. Characteristic lung findings 
may be observed in cases of MALT lymphoma and 
IVL, and FDG-PET may be useful for the diagnosis 
of these conditions. In addition, some complications 
that might occur during the treatment of haematologi-
cal disorders, such as infectious diseases or drug-
induced pneumonitis, may also be detected by 
FDG-PET. It is possible that subtle changes associ-
ated with these conditions may be detected earlier by 
FDG-PET than by CT; therefore, careful examination 
of such patients is necessary even if no abnormalities 
are detected on CT.
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20.1  Introduction

Infectious and noninfectious pulmonary complications 
occur in 30–60% of patients with hematological mali-
gnancy and recipients of hematopoietic stem cell tran-
splantation (HSCT) and are associated with signifi cant 
morbidity and mortality [1]. In allogeneic HSCT pati-
ents who develop respiratory failure requiring mechan-
ical ventilation, the intensive care unit (ICU) and 
hospital mortality rates often exceed 80% and 85%, 
respectively [2–5]. The factors that contribute to the 
development of pulmonary complications in these 
patients include immunologic defects due to the under-
lying disease and its treatment, conditioning regimens, 
development of graft-versus-host disease (GVHD), and 
the type of HSCT [2, 6, 7]. The spectrum of pulmonary 
complications in patients with hematological malig-
nancy and HSCT recipients is changing because of 
recent advances in antineoplastic therapies, such as the 
use of monoclonal antibodies and other targeted agents, 
increased application of HSCT for older patients, wide-
spread use of prophylactic antibiotics and novel antimi-
crobial agents, and advances in supportive care [8].

Prompt investigation and diagnosis of pulmonary 
complications in patients with hematological malig-
nancies are essential to improving patient survival. 
Unfortunately, despite the technological advances in 
diagnostic testing and imaging modalities, obtaining 
an accurate clinical diagnosis in these patients remains 
difficult and at times is made only at the time of the 
postmortem autopsy examination. Autopsy rates in 
cancer patients are much lower (13–34%) as compared 
to general medical and surgical patients (53–64%) 
[7– 9]. This probably reflects the unwillingness on the 
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part of physicians and family members to subject the 
cancer patient to the same level of scrutiny applied to 
other major illnesses in determining the primary and 
contributory causes of death [9]. Additional concerns 
include legal issues regarding exposition of physi-
cians’ errors and non-reimbursement for postmortem 
examinations [10].

This chapter will review the infectious and nonin-
fectious pulmonary findings that have been described 
at autopsy in patients with hematological malignan-
cies, including blood and bone marrow transplant 
recipients. In addition, we discuss the frequently noted 

diagnostic discrepancies between premortem clinical 
diagnoses and postmortem autopsy findings in these 
patients. Finally, we highlight the difficulties in diag-
nosing many of these conditions antemortem and 
emphasize the important role of the postmortem exam-
ination in accurately establishing the cause of death. 
Table 20.1 lists the infectious and non-infectious 
 pulmonary disorders reported in autopsy studies of 
patients with hematologic malignancy,  including HSCT 
recipients.

20.2  Infectious Findings

20.2.1  Invasive Fungal Infections

The incidence of invasive fungal infections in patients 
with hematologic malignancies has increased steadily 
over the past three decades [11]. This has been attrib-
uted to improvements in the prevention or preemptive 
treatment of bacterial infections and other opportunistic 
pathogens, particularly Candida and cytomegalovirus; 
increased administration of chemotherapies with pro-
found and prolonged immunosuppressive effects on 
T-cell function (e.g., purine nucleoside analogs, anti- 
T-cell immunoglobulin, and monoclonal antibodies); 
and the growing number of allogeneic and nonmy-
eloablative transplantation procedures that carry a 
higher risk for chronic GVHD [12]. Patients with hema-
tologic malignancies, especially in the neutropenic state 
after aggressive chemotherapy or HSCT and HSCT 
recipients with GVHD, are particularly susceptible to 
invasive fungal infections [13]. Approximately 20–50% 
of patients with hematological malignancies and HSCT 
recipients have evidence of invasive fungal infections at 
autopsy [8]. These include invasive aspergillosis and 
fungal infections due to Candida spp., Zygomycetes 
spp., Trichosporon spp., Fusarium spp., and various 
Chaetomium species.

In neutropenic patients with acute leukemia, the 
histopathological pattern of invasive pulmonary asper-
gillosis (IPA) is characterized by scant inflammation, 
hyphal angioinvasion with a high fungal burden, and 
extensive coagulative necrosis [12, 14]. In contrast, 
among HSCT recipients with GVHD, the histopatho-
logical findings consist of severe lung inflammation 
and less abundant Aspergillus burden. Several autopsy 

Infectious Non-infectious

Fungal
  Invasive pulmonary 
aspergillosis
  Candida  
bronchopneumonia
 Zygomycetes
 Trichosporon spp.
 Fusarium spp.
 Chaetomium spp.
  Pneumocystis jiroveci 
pneumonia

 Diffuse alveolar damage
 Diffuse alveolar hemorrhage
Lymphoma/leukemia
 Pulmonary 
thromboembolism
 Bronchiolitis obliterans 
organizing pneumonia
Bronchiolitis obliterans
 Pulmonary veno-occlusive 
disease
 Pulmonary alveolar 
proteinosis

Bacterial
  Vancomycin-resistant 
enterococci
 Legionella spp.
  Stenotrophomonas 
maltophilia
  Staphylococcus 
epidermidis
 Staphylococcus  
aureus
  Streptococcus 
pneumoniae
 Pseudomonas  
aeruginosa
 Serratia spp.
  Other gram-negative 
bacilli and streptococcus 
spp.

Viral
 Cytomegalovirus
 Herpes simplex virus
  Respiratory syncytial 
virus
 Measles virus

Parasitic
Toxoplasmosis

Table 20.1 Pulmonary findings on postmortem studies in patients 
with hematologic malignancy including HSCT recipients
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studies in HSCT recipients have shown that IPA is fre-
quently not diagnosed antemortem or persistent despite 
diagnosis by sputum or bronchoalveolar lavage (BAL) 
cultures or by serum galactomannan assay and treat-
ment with amphotericin B [8, 15–21]. In recent years, 
treatment of IPA with voriconazole has led to better 
responses, improved survival rates, and fewer side 
effects than amphotericin B [22].

Autopsy studies have assisted in describing and con-
firming the immune reconstitution inflammatory syn-
drome (IRIS) in patients with IPA who are recovering 
from the neutropenia [23]. When clinical and radiologic 
worsening coincides with neutrophil recovery, it is usu-
ally assumed that this deterioration is related to prog-
ressive aspergillosis, prompting changes in patient 
man agement. However, its temporal relation with neu-
trophil recovery suggests that it may be caused by IRIS. 
The patients who died during the first month had no evi-
dence of aspergillosis at autopsy. Finally, autopsy stud-
ies have proved helpful in documenting the efficacy of 
systemic antifungal therapy and surgery for IPA [24].

Since the early 1990s, the incidence of invasive 
candidiasis (candidemia and/or hepatosplenic candidi-
asis) has continued to decrease due to effective anti-
fungal prophylaxis and empirical treatment of high-risk 
patients with echinocandins and voriconazole [11]. 
Mucosal damage is a risk factor for invasive candidia-
sis among patients receiving antineoplastic therapy. 
HSCT recipients who received conditioning regimens 
with total body irradiation and patients treated with 
chemotherapy regimens containing high-dose cytara-
bine or an anthracycline have an increased risk of 
developing invasive disease. In recent years, there has 
been an increase in bloodstream infections caused 
by non-albicans Candida species such as Candida 
glabrata and C. krusei. The diagnosis of invasive can-
didiasis is difficult to prove due to the lack of specific 
clinical features and the low sensitivity of blood cul-
tures to isolate Candida, especially in patients receiv-
ing fluconazole prophylaxis [25].

Difficult-to-treat opportunistic molds, such as 
Zygomycetes, Trichosporon spp., and various Chae
tomium spp., including C. atrobrunneum, C. strumar
ium, C. globosum, C. perlucidum, and C. cinereus are 
being described with increasing frequency on autopsy 
studies in patients with hematologic malignancies [12, 
26–31]. Pulmonary involvement with these mold infec-
tions is characterized by tissue necrosis from angioin-
vasion and subsequent thrombosis. As with many 

fungal infections, diagnosis of these infections is often 
not possible until autopsy. Treatment modalities 
 usually involve lipid-based amphotericin B formula-
tions and surgical debulking or debridement in selected 
cases [32].

20.2.2  Pneumocystis Jiroveci  
(Formerly Carinii) Pneumonia

Pneumocystis jiroveci pneumonia (PCP) remains a 
serious infection in patients with acute and chronic 
leukemias, myelodysplastic syndrome, and HSCT 
recipients [8]. However, diagnosis of PCP is frequently 
obtained by bronchoalveolar lavage with or without 
lung biopsy; thus, the diagnosis is made on autopsy in 
only a minority of cases.

20.2.3  Bacterial Infections

Bacterial pneumonias caused by Pseudomonas aerugi
nosa, Streptococcus spp., Staphylococcus aureus, 
Serratia spp., and Legionella pneumophila have been 
described on autopsy studies in patients with hemato-
logic malignancy and HSCT recipients [33]. As the 
majority of these patients commonly receive empiric 
antimicrobial therapy during the initial diagnostic 
workup for infection, very few autopsy studies report 
unusual bacterial infections. A single center autopsy 
series of 15 patients with hematological malignancies 
found multidrug-resistant strains such as Enterococcus 
faecium to be very prevalent [34]. Two coagulase- 
negative Staphylococcus epidermidis strains were also 
noted. A few autopsy case reports have also described 
lethal pulmonary hemorrhage due to Stenotrophomonas 
maltophilia [35].

20.2.4  Viruses

The incidence of autopsy-proven cytomegalovirus 
(CMV) pneumonia in patients with hematologic malig-
nancy and HSCT recipients has been decreasing in 
recent years as a result of improvements in early diag-
nosis and treatment and more effective preventive 
strategies [36]. However, it is also possible that the 
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declining rate of autopsies may account for the decrease 
in the number of reported CMV pneumonias. Other 
etiologies of viral pneumonias that have been described 
in autopsy reports include infection due to herpes sim-
plex virus, respiratory syncytial virus (RSV) [37], and 
measles virus [38].

20.2.5  Toxoplasmosis

Reactivation of latent Toxoplasmosis is a rare but well-
recognized opportunistic infection in immunocompro-
mised patients. Besides encephalitis, the other common 
presentation with Toxoplasma gondii infection is inter-
stitial pneumonitis. Because of its non-specific clinical 
and radiological presentation and its lethal outcome, 
toxoplasmosis is often misdiagnosed and only revealed 
at autopsy [39]. Toxoplasmic pneumonitis follows the 
same pathogenetic mechanism, but occurs less fre-
quently than either toxoplasmic encephalitis or other 
opportunistic pneumonias, such as PCP. Diagnosis is 
based upon a high degree of clinical suspicion and 
demonstration of T. gondii in BAL fluid and/or lung 
biopsy specimens. Widely disseminated necrotic areas 
with numerous cysts of Toxoplasma gondii are com-
monly reported in autopsy cases.

20.3  Noninfectious Pulmonary Findings

Noninfectious pulmonary complications account for up 
to 70% of autopsy findings in patients with hematologic 
malignancies, particularly in HSCT recipients. The most 
common complications are diffuse alveolar damage 
(DAD) and diffuse alveolar hemorrhage (DAH) [8].

20.3.1  Diffuse Alveolar Damage

Diffuse alveolar damage (DAD) is a nonspecific finding 
at autopsy often in association with various infectious 
and noninfectious etiologies, such as shock, aspiration, 
alveolar hemorrhage, peri-engraftment respiratory dis-
tress syndrome, drug toxicity, and radiation therapy. It 
is characterized by the presence of alveolar injury and 
the absence of active lower respiratory tract infection. 

DAD has been reported at autopsy in 63.5% of patients 
with treated leukemia and lymphoma and close to 50% 
among HSCT patients [7, 8]. Infections as the cause of 
DAD are identified on autopsy in only a third of HSCT 
patients, while approximately 20% have DAH. In over 
50% of patients with DAD, no etiology is determined, 
and these patients are considered as having idiopathic 
pneumonia syndrome (IPS). It is possible that empiri-
cally treated previous infections could have caused the 
histological changes noted in patients classified as hav-
ing IPS. Only one third of the cases of DAD are diag-
nosed antemortem [8]. Given that almost half of the 
cases of DAD may be secondary to IPS, the role of 
 corticosteroids may need to be furthered studied.

20.3.2  Diffuse Alveolar Hemorrhage

Diffuse alveolar hemorrhage (DAH) is a clinical syn-
drome characterized by the acute onset of alveolar infil-
trates, bloody bronchoalveolar lavage, and hypoxemia 
in the absence of infection [1, 40]. The incidence of 
DAH ranges from 1–5% to 3–7% in autologous and 
allogeneic HSCT recipients, respectively [41–43]. A 
few case reports have been described in patients with 
acute leukemia more commonly in association with 
chemotherapy [44–46]. DAH has also been described in 
patients undergoing an umbilical cord HSCT [47, 48]. 
The majority of patients with DAH develop severe 
respiratory failure with high mortality rates. Vascular 
damage and inflammation from chemotherapy and radi-
ation therapy used in the con ditioning regimen and 
immune-mediated events including GVHD have been 
implicated in the pathogenesis of DAH [41, 43, 49]. 
Wojno et al. reported that 41% of 37 allogeneic HSCT 
patients who underwent autopsies had extensive pulmo-
nary hemorrhage, which was thought to have led to 
severe respiratory failure and death [49]. These patients 
were subdivided into those with significant acute GVHD 
and those without. Of the patients with acute GVHD, 
59% died of acute respiratory failure secondary to DAH 
compared with 25% of those without GVHD. Pulmonary 
hemorrhage was also independently found to be associ-
ated with pre-transplant total body irradiation. Although 
pulmonary and systemic infections cause alveolar dam-
age through similar mechanisms [50]. infection-associ-
ated alveolar damage has traditionally been excluded 
from analyses of DAH. Autopsy studies have shown 
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that pulmonary infections are frequently underdiag-
nosed in HSCT recipients; thus, patients with alveolar 
hemorrhage and underlying undetected infections can 
be misclassified as having DAH [7, 8, 51].

Because inflammation is thought to play a role in 
the pathogenesis of post HSCT-DAH, high-dose ste-
roids have been used for its treatment, based on anec-
dotal case reports and small retrospective series [52, 
53]. Other treatment modalities that have been used for 
DAH in HSCT recipients include epsilon aminocap-
roic acid and recombinant factor VIIa [54, 55]. 
Unfortunately, the mortality from DAH in HSCT 
recipients remains high because of misdiagnosis and 
lack of effective treatments.

20.3.3  Lymphomatous or Leukemic 
Infiltration

Primary pulmonary lymphomas are very uncommon, 
especially those arising from bronchus-associated 
lymphoid tissue (BALT) and have a low mortality. 
They represent 4% of the extranodal non-Hodgkin’s 
lymphomas (NHLs) and only 0.5% of all primary pul-
monary malignant neoplasms and less than 1% of lym-
phomas. Eighty percent of the cases are low-grade 
B-cell lymphomas, which are slow growing and 
respond well to therapy. Autopsy case reports suggest 
that pulmonary BALT lymphoma can remain restric-
tive to the thorax for long periods before dissemina-
tion, but tend to relapse frequently.

Lymphomatous involvement of the lung is common 
and occurs in 24% and 38%, respectively, of patients 
with Hodgkin’s lymphomas (HL) and NHL [56]. 
Typical findings in the lung include peribronchial-
perivascular, nodular, alveolar, interstitial, and pleural 
involvement. Peripheral T-cell lymphomas also involve 
the lung frequently, 20% at diagnosis and a further 
20% during the course of the disease. The nodular pat-
tern is a characteristic of lung infiltration in HL, but no 
differences could be detected in the subtypes.

Pulmonary parenchymal involvement by multiple 
myeloma cells is very rare and described on autopsy in 
few case reports. The antemortem diagnosis of lung 
involvement by myeloma is difficult to make as infec-
tions and alveolar hemorrhage can have the same 
radiologic features.

Leukemic infiltration of the lungs may occur in 
20–30% of hyperleucocytic patients with acute myel-
oid leukemia (AML). Pulmonary infiltrates are usually 
microscopic and invariably associated with hyperleu-
kocytosis. There are autopsy case reports of pulmo-
nary leukemia as a cause of pulmonary infiltrates, even 
in non-hyperleukocytosis AML patients with low blast 
counts. Radiographically, patients present with an air-
space disease with a  diffuse interstitial reticular pattern 
in cases of hyperleukocytosis similar to cases of infec-
tious pneumonia.

Pulmonary leukostasis syndrome involves the 
occlusion of small blood vessels in the lungs and typi-
cally occurs with a WBC count of greater than 100,000 
per mL. The increased number of WBCs causes blood 
viscosity to rise due to the decreased deformability of 
the abnormal leukocytes, resulting in cell clumping 
and stasis in the microvasculature, leading to severe 
hypoxemic respiratory failure. Autopsy studies reveal 
extensive infiltration by leukemic cells in the pulmo-
nary vasculature; pulmonary infarction with hemor-
rhage is also noted. [57]

Rarely, lung involvement by intravascular large B-cell 
lymphoma (IVLBCL) is noted on autopsy [58]. Early 
diagnosis is difficult as neither computed tomography 
nor 67-gallium scintigraphy can detect lung involvement. 
However, 18-fluro-deoxyglucose positron tomography 
(FDG-PET) may be a powerful tool for the early diagno-
sis of IVLBCL with pulmonary involvement [59].

20.3.4  Pulmonary Thromboembolism

Autopsy studies show that pulmonary thromboembolism 
(PTE) infrequently complicates the course of patients 
with acute leukemia and severe thrombocytopenia, and 
HSCT recipients with an incidence rate ranging from 1% 
to 6.3% [8]. [60] Patients with acute leukemias com-
monly have clinically silent haemostatic abnormalities, 
but some may show clinical manifestations, including 
venous thromboembolism, pulmonary embolism, 
 disseminated intravascular coagulation, and life-threat-
ening thrombohemorrhagic syndrome. The pathogenesis 
of PTE is complex and multifactorial and may involve 
tumor cell-derived procoagulant, fibrinolytic or prote-
olytic factors, and inflammatory cytokines, which affect 
clotting activation. Chemotherapy and anti-angiogenic 
drugs also increase the thrombotic risk in patients with 
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lymphoma, acute leukemia, and multiple myeloma. 
Infectious complications are another important factor: 
endotoxins from gram-negative bacteria induce the 
release of tissue factor (TF), tumor necrosis factor (TNF), 
and interleukin-1 (IL-1), and gram-positive organisms 
can release bacterial mucopolysaccharides that directly 
activate factor XII. Needleman et al. reviewed 80 con-
secutive autopsies in leukemia patients and found three 
patients with previously undiagnosed PTE, all of whom 
had been severely thrombocytopenic. However, Candida 
forms were abundant in the thromboemboli in all three 
patients, with some containing septate hyphal forms con-
sistent with Mucor or aspergillosis. No vessel wall inva-
sion or necrosis was noted, and fungus was not shown to 
be present in pulmonary vessels in segments of the lung 
not involved with thromboembolism [60]. Leukemic 
patients may also be affected by other prothrombotic fac-
tors, including hyperleukocytosis, increased TF expres-
sion and activation, and the prothrombotic properties of 
therapeutic agents, such as all-trans retinoic acid and 
L-asparaginase, which can induce thrombosis involving 
multiple organs. A higher index of suspicion may lead to 
the diagnosis, but the signs and symptoms of PTE in 
patients with hematologic malignancy are variable and 
nonspecific as with PTE in other populations.

20.3.5  Bronchiolitis Obliterans with 
Organizing Pneumonia and 
Bronchiolitis Obliterans

The majority of patients with hematological malignan-
cies who develop organizing pneumonia (BOOP) have 
been exposed to various chemotherapeutic agents, 
including cytarabine and anthracyclines as well as 
radiation therapy. [61, 62] In one autopsy series, 
Sharma et al. reported on 71 patients who had under-
gone HSCT, of whom 3% had BO and 1% had BOOP 
[8]. Unusual histological variants have also been 
described, including a case report of acute fibrinous 
and organizing pneumonia following HSCT in a patient 
with AML [63] characterized by prominent intraalveo-
lar fibrin deposition and organizing pneumonia. The 
radiographic presentation revealed patchy consolida-
tion in the lower lobes and a diffuse miliary pattern. 
Clinically, these cases can have subacute presentations 
similar to cryptogenic organizing pneumonia or have 

more rapid progression with clinical features similar to 
ARDS. BOOP and BO are rare autopsy findings, which 
may be because infections are being treated aggres-
sively, and often patients not responding to antibiotics 
and with no clinical evidence of infections are given a 
trial of corticosteroids.

Yokoi et al. reported bronchiolitis obliterans (BO) 
on autopsy in 8 of 81 patients who underwent alloge-
neic BMT with AML or ALL. All patients received 
conditioning regimens with total body irradiation and 
cyclophosphamide with or without busulfan or cyto-
sine arabinoside. Immunosuppressive therapies were 
administered to all patients after BMT, including meth-
otrexate with or without cyclosporine. The onset of 
respiratory symptoms was 110–430 days after BMT, 
and the symptoms were non-productive cough, dysp-
nea, fever, chest pain, and pneumothorax. Seven 
patients died of progressive respiratory failure and one 
of relapsed leukemia. Coexistent infections included 
CMV, varicella zoster, Mycobacterium tuberculosis, 
and Aspergillus [21]. Paz et al. also described two 
patients who underwent autologous BMT for lym-
phoma and developed rapidly progressive respiratory 
insufficiency on post-transplant day 90 and 273. Despite 
aggressive immunosuppressive therapy, both patients 
died of respiratory failure. Autopsy studies revealed 
histological evidence of bronchiolitis obliterans [64].

20.3.6  Pulmonary Veno-occlusive 
Disease

Pulmonary veno-occlusive disease (PVOD) is a rare 
cause of pulmonary hypertension that is characterized 
histopathologically by intimal proliferation and fibrosis 
of the pulmonary venules and small veins leading to 
progressive vascular obstruction [65]. The etiology of 
PVOD remains unclear. It has been reported as an 
unusual complication of both myeloablative allogeneic, 
autologous and cord HSCT, suggesting that it might be 
regimen-related toxicity [65–70]. Surgical lung biopsy 
provides definitive diagnosis [71]. PVOD carries a poor 
prognosis, with most reported patients experiencing 
progressive disease and death within 2 years of diagno-
sis [72]. Autopsy findings reveal intimal fibrosis of 
most of the pulmonary veins, with no significant intralu-
minal thrombi or arterial changes [69]. Treatment 
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recommendations are anecdotal. Steroids and heparin 
have been reported to possibly improve outcomes [66].

20.3.7  Pulmonary Alveolar Proteinosis

Autopsy studies in patients with hematologic malig-
nancy (particularly with myelodysplastic syndrome) and 
following HSCT have revealed rare cases of secondary 
pulmonary alveolar proteinosis (PAP) characterized by 
intra-alveolar accumulation of surfactant components 
and cellular debris, with minimal interstitial inflamma-
tion or fibrosis [73–75]. Secondary PAP is frequently 
noted among patients with hematologic malignancies 
who develop fungal infection, especially pulmonary 
aspergillosis. KL-6 protein is produced by type II alveo-
lar pneumocytes and can be helpful in establishing an 
early diagnosis of PAP [74, 76]. The standard therapy 
for PAP with hematological malignancy has not yet been 
firmly established. The administration of GM-CSF has 
been suggested to activate the alveolar macrophages and 
increase the rate of surfactant clearance [73]. Case 
reports indicate that the prognosis of PAP with leukemia 
is very poor because of the high frequency of superin-
fections in the affected alveoli [73, 75].

20.4  Discrepancies Between Clinical  
and Postmortem Autopsy Findings

Several autopsy series have reported diagnostic dis-
crepancies between premortem clinical diagnosis and 
postmortem autopsy findings ranging from 5% to 64% 
in patients with hematologic malignancy and HSCT 
recipients (Table 20.2) [15, 77–83]. The Goldman cri-
teria are commonly used to categorize discrepancies 
between clinical and pathological diagnoses or causes 
of death [84]. Class 1 discrepancies are defined as 
missed major diagnoses with potential adverse impact 
on survival and would have changed management. 
Class II discrepancies are missed major diagnoses with 
no potential impact on survival and that would have 
not changed therapy. Class III discrepancies are defined 
as missed minor diagnoses related to terminal disease, 
but not related to the cause of death, and Class IV are 
other missed minor diagnoses.

Gerain et al. reported a 59% major discrepancy 
rate in 34 cancer patients who were admitted to a 
medical oncological ICU over an 11-month period. 
[77] The majority of major discrepancies were due to 
complications of the cancer itself or its treatment 
(such as non-cardiogenic pulmonary edema, acute 
hemorrhage, and pulmonary embolism) rather than 
infection. Pastores et al. reported a major missed 
diagnosis rate of 26% in 86 autopsies performed on 
cancer patients who died in a medical-surgical ICU 
[78]. Of the 86 patients, 25 (40%) had undergone 
HSCT, 18 (29%) had either leukemias or lymphomas, 
19 (31%) had solid tumors, and 24 (28%) were surgi-
cal cancer patients. Among the patients with discrep-
ancies 54% had class I discrepancies, 32% had class 
II discrepancies, and 14% had both class I and class 
II discrepancies. Of the 22 discordant cases, 6 had 
hematological malignancies and 4 underwent HSCT. 
Opportunistic infections due to viral, fungal, bacte-
rial, and parasitic organisms and cardiac complica-
tions were the most common class I discrepancies. 
The majority of Class II discrepancies were accounted 
for by cardiopulmonary complications due to pulmo-
nary embolism and thrombotic endocarditis. The 
study was limited by the retrospective study design 
and selection bias that may have occurred as physi-
cians and family members of patients with premor-
tem diagnostic uncertainty would have been more 
likely to pursue an autopsy. Xavier et al. reported a 
class I discrepancy rate of 31.3% in 118 autopsies of 
patients with hematological malignancies or severe 
aplastic anemia [79]. The most common diagnoses 
causing these discrepancies were hematological dis-
ease, pneumonia, and gastrointestinal hemorrhage. 
Class I discrepancies were more common in elderly 
patients (>64 years) and in patients who had not 
received  previous specific treatment for the hemato-
logical malignancy, had not been treated with bone 
marrow or peripheral blood HSCT, or had not been 
treated in a specialized hematology unit. Seftel et al. 
reported a discrepancy rate of 64% (34% major, 30% 
minor) in 48 autopsies of patients who underwent 
HSCT (blood and bone marrow) [82]. Infectious 
complications, including pulmonary aspe rgillosis, 
candidiasis, and infective endocarditis, accounted for 
the majority of the major discrepancies. Hoffmeister 
et al. found a 26% discrepancy rate (4% major, 23% 
minor) in 111 autopsies of patients who had under-
gone HSCT [83]. In contrast, Al Saidi et al. found a 
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Table 20.2 List of selected studies describing discrepancies 
between premortem and postmortem autopsy diagnoses in 
patients with hematologic malignancy including HSCT 
recipients

Al-Saidi et al.  
2002 N = 28

Class I n = 1 (3.5%) Systemic aspergillosis (1)

Class II n = 2 (7.1%) Severe GVHD (1)

 Hemorrhagic cecal perforation (1)

Class III n = 6 (21.4%) Non infective endocarditis (1)

Spinal cord demyelination (1)

CMV pneumonitis (1)

Bacterial infections (3)

Class IV n = 1 (3.5%)  Coagulase-negative  
staphylococcus catheter  
infection (1)

Pastores et al.  
2007 N = 86

Class I discrepancies 
n = 15 (17.4%)

Opportunistic infections n = 10

VRE pneumonia

Legionella pneumonia

PCP pneumonia

Invasive aspergillosis

Candida empyema

 Varicella-zoster 
meningoencephalitis

HSV esophagitis

CMV pneumonia

 Disseminated necrotizing 
toxoplasmosis

Cardiac complications n = 5

Ischemic cardiomyopathy (2)

Thrombotic endocarditis (2)

Congestive heart failure (1)

Class II discrepancies 
n = 10 (11.6%)

Opportunistic infections n = 3

Candidemia

VRE meningitis

CMV proctitis

 Cardiopulmonary complications 
n = 7

Pulmonary embolism (4)

Thrombotic endocarditis (2)

Pulmonary hemorrhage (1)

Seftel et al. (2007) n = 48

Class I (n = 16)
(34%)

Candidiasis

Pulmonary aspergillosis

Infective endocarditis

Adenovirus, with no GVHD

Adenovirus hepatitis

Relapse of myelodysplasia

Acetaminophen overdose

Sepsis with multi-organ failure

Disseminated Aspergillosis

Gut perforation

Pneumonia

Candida pneumonia

Myelodysplasia relapse

 CMV adrenalitis; no  
lymphoma

Typhlitis relapse leukemia

Pulmonary lymphoma

Radiation pneumonia

Class II (n = 14)
(30%)

 Cerebral and pulmonary 
aspergillosis

 Pneumonia; cerebral  
hemorrhage

Diffuse alveolar damage

Congenital absence of kidney

No pneumonia

No pneumonia; renal abscess

 No pneumonia; subarachnoid 
hemorrhage

 No pneumonia; cerebellar 
hemorrhage

 Hemochromatosis and diffuse 
alveolar damage

Idiopathic hepatitis

Normal colon

Pulmonary fibrosis

Sepsis

Cholestatic liver disease

Xavier et al. (2005) n = 544

Class I (8.6%) Hematological disease – 15

Pneumonia – 5
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significant concordance between the clinical and 
postmortem diagnoses in 28 critically ill HSCT 
patients [15]. Ten (36%) of the twenty eight patients 
had discrepancies uncovered on autopsy; only two 
discrepancies would have influenced patient manage-
ment, and none would have altered patient outcome. 
Most of the unexpected diagnoses were infections, 
and the rest included non-infective endocarditis, 
GVHD, and gastrointestinal and neurologic diagno-
ses. The authors concluded that clinical diagnosis 
alone might be appropriate for withdrawal of care 
decision-making in these patients.

20.5  Summary

Infectious and noninfectious pulmonary diseases are 
commonly found on postmortem autopsy studies in 
patients with hematological malignancy and HSCT 
recipients. Despite the technological advances in 
diagnostic testing and imaging modalities, obtaining 
an accurate clinical diagnosis remains difficult and is 
often not possible until autopsy. Major diagnostic 
discrepancies between clinical premortem diagnoses 
and postmortem autopsy findings have been reported 
in patients with hematologic malignancy. The most 
common missed diagnoses are due to opportunistic 
infections and cardiopulmonary complications. These 
findings underscore the importance of enhanced sur-
veillance, monitoring, and treatment of infections 
and cardiopulmonary disorders in these patients. 
Autopsies remain important in determining an accu-
rate cause of death and for improved understanding 
of diagnostic deficiencies, as well as for medical edu-
cation and quality assurance.
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Gastrointestinal hemorrhage, – 3

Congestive heart failure – 2

Acute pancreatitis – 2
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aspergillosis – 2

Pulmonary edema – 2
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Hematological disease – 5

 Invasive pulmonary  
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Pulmonary hemorrhage – 4

Other forms of aspergillosis – 2
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hemorrhage – 6

 Pleural effusion in conditions 
classified elsewhere – 6

 Secondary malignant lung 
neoplasm – 5

 Chronic tubulo-interstitial  
nephritis – 5
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21.1  Introduction

Common respiratory viruses are probably among the 
leading causes of community-acquired pneumonia  
[1, 2] but, oddly enough, have long been underrecogn-
ised in patients with haematologic malignancies (HMs), 
perhaps in part due to the lack of rapid and sensitive 
diagnostic methods and of effective treatments. Over 
the last 2 decades, the expanding use of high-dose che-
motherapy and haematopoietic stem cell transplanta-
tion (HSCT) in various malignancies has improved the 
prognosis of patients with HMs at the cost of increased 
opportunities for severe infections [3–5]. Combined 
with the development of new diagnostic methods and 
introduction of antiviral drugs, this increased infection 
rate has rekindled interest in the effects of common 
respiratory viruses in patients with HMs. These viruses 
are now recognised as true opportunistic respiratory 
pathogens in immunocompromised hosts.

21.2  Common Respiratory Viruses

There is no clear definition of common respiratory 
virus. Viruses that consistently produce respiratory 
manifestations are considered respiratory viruses. 
These include members of the following families of 
RNA viruses: Orthomyxoviridae (human influenza 
viruses), Paramyxoviridae (respiratory syncytial virus 
[RSV], parainfluenza viruses [PIV], and human metap-
neumoviruses [MPV]), Coronaviridae (human respira-
tory coronaviruses), and Picornaviridae (human 
rhinoviruses). Other viruses that cause respiratory man-
ifestations in many, but not all, patients are con sidered 
respiratory viruses because they are often associated 
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with seasonal respiratory events. Examples include 
Adenoviridae (adenoviruses) and some Picornaviridae 
(non-poliomyelitic enteroviruses). A separate chapter 
of this book focuses on newly discovered and emerg-
ing respiratory viruses (avian influenza viruses, newly 
discovered coronaviruses, polyomaviruses KI and 
WU, human bocavirus, and mimivirus). CMV and 
Herpes pneumonia will also be addressed by 
Dr. Chemaly and colleagues in two different chapters 
in this book.

Human influenza viruses are enveloped, negative-
sense, single-stranded RNA viruses. They are classi-
fied into three antigenic types, A, B, and C [6]. The 
envelope of influenza A and B viruses carries two 
major antigenic proteins, haemagglutinin (HA) and 
neuraminidase (NA). HA allows the virus to bind to 
sialic acid-conjugated glycoproteins at the surface of 
respiratory epithelium cells. NA plays a crucial role in 
viral dissemination by releasing newly formed virions 
from host cells. The influenza C envelope supports a 
unique protein sharing the properties of both HA and 
NA and known as haemagglutinin-esterase-fusion fac-
tor [6]. Influenza B and C viruses can infect humans 
and some mammalian species, whereas influenza A 
also infects most avian species [6].

RSV and PIV types 1–4 are enveloped, negative-
sense, single-stranded RNA viruses. RSV belongs to the 
Paramyxovirus genus, and PIV 1–4 to the Pneumovirus 
genus, of the Paramyxoviridae family [7]. Their enve-
lopes support two major antigenic surface proteins, one 
for binding and one for fusion to the cell membrane. 
Attachment to host cell receptors is mediated by the  
G protein of RSV and by a haemagglutinin neuramini-
dase for PIV [7, 8]. The fusion protein F is common to 
both genera and allows the virus to penetrate within the 
host cells after binding [8]. Antigenic variations in the 
G protein determine two major RSV groups, A and B. 
Antigenic variations also occur in PIV but have less 
immunological impact [7]. The natural hosts of RSV are 
humans and chimpanzees, whereas PIV infects only 
humans [9, 10]. Human MPV is a recently discovered 
virus belonging to the Paramyxoviridae family [11]. The 
human MPV genome and structure are very similar to 
those of RSV, and both viruses display the same surface 
proteins [12]. Available data indicate that human MPV 
infects only humans, although this virus is believed to 
originate from birds [13].

Human rhinoviruses and non-poliomyelitic entero-
viruses are non-enveloped, single-stranded RNA 
viruses belonging to the Picornaviridae family. The 

Rhinovirus genus consists of more than 100 different 
serotypes divided into three species (A, B, and the 
newly described C species) based on antigenic varia-
tions in the three proteins VP1, VP2, and VP3 found on 
the capsid surface [14, 15]. Enteroviruses are divided 
into four species (A, B, C, and D) [16, 17]. They share 
the same structure as other Picornaviridae. Humans are 
the only natural host of these viruses [14, 16].

Coronaviruses are enveloped, positive-sense, single-
stranded RNA viruses belonging to the Coronaviridae 
family [18]. Their envelope supports two main pro-
teins, the haemagglutinin-esterase protein and the 
antigenic protein S [18]. Human coronaviruses 229E 
and OC43 were the predominant human respiratory 
coronavirus strains before the recent identification 
of the new human coronaviruses NL63, HKU1, and 
SARS [19–21].

Adenoviruses are non-enveloped, double-stranded 
DNA viruses that form the Adenoviridae family. Six 
subgenera (A–F) and 51 human serotypes of adenovi-
ruses have been described [22]. Adenoviruses have an 
icosahedral capsid made of 250 protein subunits called 
capsomeres [23]. Humans are the only natural hosts of 
these viruses.

21.3  Epidemiology

Common respiratory viruses are ubiquitous pathogens 
that share a number of epidemiological features. Most 
of them are responsible for outbreaks that occur with a 
remarkable seasonal pattern. These seasonal variations 
in viral activity occur only in temperate climates and 
tend to disappear in equatorial zones. This phenome-
non is incompletely understood and may involve not 
only specific viral characteristics, but also seasonal 
changes in living conditions [6]. Influenza, RSV, 
human MPV, and Coronavirus activities peak during 
the winter months [6, 7, 18]. PIV1 and 2 cause out-
breaks in the fall [7]. Seasonality is less pronounced 
for PIV3 and Picornaviridae, which exhibit year-round 
activity with peaks in the spring for PIV3, spring and 
fall for human rhinoviruses, and summer and fall for 
non-poliomyelitic Enteroviruses [7, 14, 16]. Little is 
known about the epidemiology of PIV4, since this 
virus is responsible for mild infections and is therefore 
rarely identified [7].

Common respiratory viruses typically cause infec-
tions in early childhood. Influenza C usually causes 
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mild infections that lead to the acquisition of protec-
tive antibodies capable of preventing recurrences [24]. 
Influenza A and B are considerably more common 
and can cause disease of greater severity, most nota-
bly in high-risk groups, such as elderly people and 
patients with chronic respiratory or cardiovascular 
conditions, chronic renal failure, diabetes mellitus, or 
immune deficiencies [6]. It is estimated that about 5% 
of adults and 20% of children experience an influenza 
episode every year throughout the world [25]. 
Although most influenza episodes are mild, the high 
occurrence rate results in a huge burden of disease 
that has a severe socioeconomic impact [6]. Influenza 
viruses are believed to be the seventh cause of death in 
the USA [26]. Influenza A and B infections start in 
childhood and continue to occur throughout the life 
span, because antigenic variations affecting HA and, 
to a lesser extent NA, hamper the acquisition of pro-
tective immunity. Two mechanisms of antigenic varia-
tions have been described, antigenic drift and antigenic 
shift [6]. Antigenic drift probably results from the 
accumulation of point mutations that occur continu-
ously in influenza viruses, with new variants appear-
ing annually or every few years. These new variants 
replace pre-existing ones by immunological selection 
and are only incompletely recognised by immunity 
resulting from exposure to earlier strains. Antigenic 
shift is a considerably rarer event that occurs only in 
influenza A and results in a virus with a completely 
new HA or NA [6]. The result is an influenza pan-
demic due to the absence of protective immunity 
against the new virus. Progressive acquisition of 
immunity against this new strain attenuates the inten-
sity of the epidemic over the following years. The 
exact genetic mechanisms of antigenic shift are 
incompletely known, and the emergence of pandemic 
strains is not predictable. Pandemic strains originate 
from the recombination of influenza strains circulat-
ing in different animal species, including birds, pigs, 
and humans [6]. Five pandemics occurred in the twen-
tieth century, and the 2009 “Mexican flu” pandemic 
due to the new H1N1 influenza virus is the first pan-
demic in the twenty-first century [6, 27]. RSV and 
PIV are typically infections of early childhood [7]. 
RSV and, to a lesser extent, PIV also undergo anti-
genic changes that lead to recurrences throughout the 
life span. These recurrences may be severe, especially 
in patients with chronic respiratory conditions and in 
the elderly. The burden of RSV-related diseases may 
be comparable to that of influenza [28].

Few data are available on the specific epidemiologi-
cal characteristics of common respiratory viruses in 
patients with HMs. Reported incidence rates vary 
widely, from 1.8% to 30% [29, 30]. This variability 
may be explained by disparities in the type of patients 
enrolled, reasons for screening patients for respiratory 
viruses and, most importantly, diagnostic methods 
used. Whatever the exact incidence, one can reason-
ably assume that attack rates of common respiratory 
viruses in immunocompromised patients are closely 
related to the prevalence of respiratory viruses in the 
community, which serves as the viral reservoir for 
immunocompromised patients [31]. This has been 
confirmed in recent studies showing that the occurrence 
of viral respiratory diseases in the enrolled immuno-
compromised patients paralleled the concomitant viral 
activity in the community [32, 33]. Accordingly, influ-
enza viruses and RSV are the viruses most commonly 
identified in the largest cohorts of HM patients, each 
accounting for about one-third of viral respiratory 
events [34–36]. PIV, Picornaviridae, and adenoviruses 
come next. It must be pointed out that influenza viruses 
accounted for a much higher proportion (up to 75%) of 
viral respiratory events in the study by Martino et al. 
conducted in the setting of a major influenza outbreak 
in the community [32].

Adenovirus epidemiology in patients with HM 
deserves special attention. Similar to other common 
respiratory viruses, adenoviruses cause primary infec-
tions in childhood, usually during the first few years of 
life. Adenoviruses may account for 5% to 10% of viral 
respiratory infections in children [23], and also cause 
outbreaks in closed and semi-closed populations of 
young adults such as the military [37, 38]. A distinc-
tive feature of adenoviruses is the ability to cause 
chronic latent infection by persisting in lymphoepithe-
lial tissues, most notably in the nasopharynx [23]. The 
epidemiology of adenoviruses in patients with HM has 
not been the focus of specific studies. Nevertheless, 
exogenous contamination, by the respiratory or oro-
faecal route, may be less important than reactivation of 
the latent virus [39]. Thus, adenoviral infections in 
patients with HM may be related chiefly to the level of 
immunosuppression and, perhaps, to unknown viral 
factors driving reactivation, rather than to the level of 
viral activity in the community.

The epidemiologic characteristics of influenza, 
RSV, and PIV are particularly well known, perhaps in 
part because infections with these viruses are consider-
ably more common compared to those due to other 
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viruses. However, the availability of simple and rapid 
diagnostic tools for these three viruses probably played 
a great role. Since Picornaviridae, Coronaviridae, and 
the newly discovered human MPV are mainly  
diagnosed using reverse-transcriptase polymerase- 
chain-reaction technology (rt-PCR), data on their 
epidemiology are still limited. Recent studies using rt-
PCR detection of respiratory viruses in patients with 
HM revealed a high incidence of human MPV infec-
tions, similar to that of RSV infections [30, 36]. In the 
near future, studies using molecular biology tools may 
help to clarify the epidemiology of common respira-
tory viruses and may lead to a radical change in current 
concepts.

21.4  Clinical Manifestations

Common respiratory virus infections have been stud-
ied chiefly in patients receiving high-dose chemother-
apy and haematopoietic stem cell transplantation 
(HSCT). Compared with immunocompetent patients, 
several distinctive features have been reported. Viral 
shedding lasts longer and progression to pneumonia is 
more common [31]. Late airflow obstruction has been 
reported in HSCT recipients [40]. Some respiratory 
viruses are responsible for extra-respiratory manifes-
tations. Although rare in immunocompetent hosts, 
these manifestations might be more common in 
patients with HM.

Common respiratory viral infections in patients 
with HM are characterized by prolonged viral shed-
ding. A median duration of 2 weeks was found in most 
studies [30, 32, 33, 36]. However, viral shedding may 
last for months in some cases [41, 42]. In addition, the 
amount of virus shed per day may be greater in HM 
patients than in immunocompetent individuals [43]. 
Similarly to findings in immunocompromised patients, 
children shed more viruses over a longer period than 
do adults [31]. This prolonged high-load viral shed-
ding is of critical importance, since it may enhance 
both viral dissemination [43, 44] and the emergence of 
resistant strains via prolonged exposure to antiviral 
drugs [41, 42].

As stated above, common respiratory viruses have 
long been underrecognised in patients with HM. In the 
1990s, the first reports of common respiratory virus 
infections focused on influenza and RSV [45–50]. In 

these studies, progression to pneumonia occurred in 
about 75% of patients infected with influenza viruses 
and 50% of those infected with RSV, and was associ-
ated with mortality rates of 25% for influenza and 
about 80% for RSV. One possible explanation for these 
striking observations may be a surge of interest in 
respiratory viral infections in HM patients that led to 
the publication of the most severe cases. Not surpris-
ingly, these studies had small numbers of patients and 
high rates of nosocomial infections.

More recently, studies of large patient cohorts led to 
better characterization of influenza-related pneumonia 
in patients with HM [29, 32–34]. About one-third of 
patients develop lower respiratory tract infection 
(LRTI). Although less common than in previous 
reports, influenza-related pneumonia remains a severe 
condition with a 15–30% mortality rate. As in immu-
nocompetent hosts, upper respiratory tract infection 
(URTI) is almost always present and often precedes 
LRTI [32, 49, 51, 52]. URTI can be considered a useful 
argument supporting the diagnosis of respiratory viral 
infection in patients with HM investigated for pneu-
monia [53]. However, the identification of a common 
respiratory virus does not exclude an associated bacte-
rial or fungal infection. These co-infections are very 
frequent, occurring in 12–25% of cases of influenza-
related pneumonia [32, 34, 50]. There are no reports of 
extra-respiratory manifestations in patients with HM, 
although myocarditis, pericarditis, myositis, meningo-
encephalitis, Guillain-Barré syndrome, and Reye syn-
drome have been described in immunocompetent 
patients [6, 54].

RSV-related pneumonia is now believed to compli-
cate about 30–40% of RSV infections in patients with 
HM [32, 34, 47]. Again, mortality remains high, rang-
ing from 15% to 30%. URTI is a common clinical 
manifestation. No clear data on the incidence of con-
comitant bacterial or fungal infections are available in 
the literature, and RSV-related pneumonia in patients 
with HM are often ascribed to viral infection [53]. 
However, bacterial co-infections were present in as 
many as 30% of patients in a large study of RSV infec-
tions in immunocompetent individuals [55]. Bacterial 
or fungal co-infection may be more common in 
patients with HM and must be carefully sought. Non-
sustained viraemia may accompany RSV infection, 
and RSV was associated with cardiac arrhythmias and 
neurological disorders in two case reports [8, 56]. 
However, no extra-respiratory manifestations of RSV 
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infection have been described in immunocompromised 
patients.

PIV infections have also been studied in patients 
with HM [34, 57]. PIV type 3 was the cause in 90% of 
reported cases. In these studies, PIV-related pneumo-
nia was comparable to influenza-related pneumonia, 
with about one third of patients being affected, a high 
rate of concomitant URTI, and a 15–30% mortality 
rate. Co-infections were found in as many as 53% of 
the patients studied by Nichols et al. [57]. However, in 
a recent study using rt-PCR for routine respiratory 
virus detection in HSCT recipients, PIV was found in 
respiratory samples of asymptomatic patients [30], 
whereas influenza, RSV, and human MPV were not 
detected. This finding suggests that studies using con-
ventional diagnostic methods may have overestimated 
the true severity of PIV in patients with HM. Some 
reports suggested a role for PIV3 in the occurrence of 
neurologic manifestations (such as meningitis, enceph-
alitis, and Guillain-Barré syndrome) and myocarditis 
[58]. Such manifestations have not been reported in 
immunocompromised patients.

Case reports suggest that the recently discovered 
human MPV may induce severe pneumonia in patients 
with HM [59–61]. To our knowledge, two retrospec-
tive cohorts [62, 63] and three prospective cohorts [30, 
36, 64] describing human MPV infections in patients 
with HM have been published. The small number of 
patients and highly variable results (pneumonia in 
0–43% of patients with a 0–40% mortality rate) pre-
clude definitive conclusions about human MPV-related 
pneumonia in patients with HM. Although debated, 
the occurrence of asymptomatic viral shedding may 
suggest lesser severity of human MPV-related pneu-
monia compared to influenza and RSV [30, 65]. Two 
cases of encephalitis with human MPV detected in 

cerebrospinal fluid in immunocompetent paediatric 
patients have been published [66, 67]. No extra-respi-
ratory manifestations have been reported in patients 
with HM.

Since the identification of Picornaviridae and 
Coronaviridae relies chiefly on molecular biology 
tools, only limited data are available about their contri-
bution to respiratory viral infections in patients with 
HM. Epidemiological evidence supports an associa-
tion of human rhinovirus with LRTI in immunocompe-
tent children and elderly people [68, 69]. Despite 
growing evidence that human rhinovirus is able to rep-
licate in lower respiratory tract cells in vitro and in vivo 
[70, 71], whether this virus can cause pneumonia 
remains debated [72]. Several reports in patients with 
HM link human rhinovirus to LRTI [73–77]. However, 
these retrospective studies in small patient populations 
with high rates of pulmonary co-pathogen identifica-
tion fail to demonstrate a clear role for human rhinovi-
rus in the development of pneumonia. Non-poliomyelitic 
enteroviruses are chiefly responsible for URTI [16]. 
Only a few studies with small numbers of patients have 
focused on these viruses in patients with HM, and no 
conclusions can be drawn from their results [77–80]. 
Coronaviridae are also principally responsible for 
URTI but may occasionally cause pneumonia [81]. No 
studies have evaluated the role of Coronaviridae in 
patients with HM, and only two case reports have been 
published [82, 83].

Although it is now clear that most of the common 
respiratory viruses are responsible for an increased rate 
of pneumonia in patients with HM (Table 21.1 and  
Fig. 21.1–21.3), the exact nature and causative mecha-
nisms of pneumonia in this situation remain unknown. 
The only risk factor for virus-related pneumonia found 
consistently in studies is lymphocytopenia, defined 

Influenza RSV PIV hMPV Adenovirus

Pneumonia rate (%) 33 30–40 Up to 30a Up to 40a NA

Coinfection rate (%) 12–25 NA Up to 50a NA 50

Mortality rate (%) 15–30 15–30 15–30a Up to 40a 50–80

Asymptomatic  
shedding

No No Yes Yes No

Table 21.1 Clinical manifestations of influenza, respiratory syncytial virus (RSV), parainfluenza virus (PIV), human 
metapneumovirus (hMPV), and adenovirus in patients with haematological malignancies

NA not available
aThe occurrence of asymptomatic viral shedding may indicate lesser severity than previously thought
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using a variety of cutoffs [29, 32–34]. One study found 
that lymphocytopenia (absolute lymphocyte count less 
than 200 cells/mL) was independently associated with 
mortality in patients with influenza-related pneumonia 
[34]. A higher incidence and greater severity of virus-
related pneumonia have been noted in HSCT recipients 
compared with other patients with HM. This finding 
may reflect deeper lymphocyte depletion. However, in a 
study by Martino et al., pneumonia rates were compa-
rable in patients with and without lymphocytopenia 
[32]. The possible higher incidence and greater severity 

of virus-related pneumonia within the first few days 
after HSCT, compared with infections occurring later 
on, may reflect deeper lymphocyte depletion [53]. A 
similar mechanism may underlie the surprising protec-
tive effect of corticosteroid therapy in the study by 
Nichols et al., since this treatment is often given to 
treat graft-versus-host disease (GVHD) after lymphoid 
engraftment [33].

Common respiratory viruses increase mortality in 
patients with HM mainly by causing severe pneumo-
nia, but they may also contribute to a long-term decline 
in pulmonary function. RSV, PIV, and influenza infec-
tions have been linked to late airflow obstruction in 
HSCT recipients [40]. In a study focusing specifically 
on the role of respiratory viruses in late airflow obstruc-
tion, PIV LRTI was the strongest risk factor, followed 
by PIV URTI [84]. Pneumonia caused by RSV was a 
borderline-significant risk factor. The exact causative 
mechanisms remain unknown, but inflammation result-
ing from prolonged viral persistence and pneumonia-
induced post-acute-phase inflammation have been 
suggested as possible factors [84, 85].

A distinctive feature of adenoviruses in HM patients 
is that they may either be acquired via exogenous respi-
ratory or oro-faecal contamination, or arise via reactiva-
tion of latent viruses [39, 86]. Adenoviruses cause a 
wide spectrum of clinical manifestations ranging from 
benign conjunctivitis to rapidly fatal disseminated dis-
ease. In patients with HM, the risk of severe adenoviral 

Fig. 21.1 Diffuse alveolo-interstitial pneumonia in a PIV3-
infected patient

Fig. 21.2 Diffuse alveolar consolidations in a patient co-
infected with influenza and Streptococcus pneumoniae

Fig. 21.3 Thoracic CT scan showing bronchiolitis pattern 
(bronchial wall thickening associated with ground-glass attenu-
ation, interlobular septa thickening and tree-in-bud opacities) in 
an influenza-infected patient
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disease seems related to the level of immunosuppres-
sion. Adenoviral disease has been reported in 3–27% of 
HSCT recipients within the first 100 days after trans-
plantation [87–89]. Higher rates may occur in paediat-
ric patients compared with adults [88, 90]. In vivo and 
ex vivo graft T-cell depletion [86, 87, 91], lymphocy-
topenia [86], GVHD [87, 89], viral shedding from more 
than one site [86, 88, 90], and adenovirus viraemia [86, 
92–94] have been reported as risk factors for severe 
adenoviral disease. Adenovirus viraemia consistently 
preceded viral shedding from more than one site in the 
study by Chakrabarti et al. [86]. This risk factor is of 
critical importance since it guides pre-emptive antiviral 
therapy. Adenoviral disease has been chiefly reported in 
myeloablative HSCT recipients, but has also been 
described in non-myeloablative HSCT recipients, autol-
ogous transplant recipients, and patients with chronic 
lymphocytic leukaemia treated with fludarabine com-
bined with CD52 monoclonal antibodies [88, 89]. In 
allogeneic transplant recipients, the most frequent man-
ifestations of adenoviral infection are gastrointestinal 
disease and haemorrhagic cystitis [95, 96]. Although 
haemorrhagic cystitis is a benign localised event, it is 
associated with high morbidity [90]. It must be pointed 
out that in a patient with febrile haematuria and adeno-
virus urinary excretion, the onset of acute renal failure 
with flank pain may reveal adenovirus nephritis [97]. 
Gastrointestinal manifestations include gastroenteritis 
and colitis, which often manifest as febrile haemor-
rhagic diarrhoea [95, 98]. The most severe manifesta-
tions of adenoviral infection are hepatitis, encephalitis, 
and pneumonia [86, 89, 90]. Adenovirus-related pneu-
monia occurred in 15 of the 85 patients with adenovirus 
infection in the study by La Rosa et al. [89]. The pneu-
monia was isolated in 11 patients and a manifestation of 

disseminated disease in 4 patients. Bacterial and fungal 
co-infections were found in 50% of patients, in keeping 
with other studies [90]. The mortality rate was 73% 
overall, 50% in patients with isolated pneumonia, and 
80% in patients with disseminated disease [89].

21.5  Diagnosis

Respiratory viral infections are the second most com-
mon cause of community-acquired pneumonia [2, 99]. 
They were long considered a simple differential diag-
nosis, without practical consequences for the patient. 
Recently, however, the diagnosis of viral respiratory 
infection has become increasingly relevant for medical 
care [100, 101]. First, RSV, influenza, PIV, and adeno-
viruses have been identified as significant causes of 
community-acquired and nosocomial respiratory 
infections [29, 102]. Second, new nucleic acid-based 
assays have been shown to be more sensitive than con-
ventional techniques. Third, specific antiviral drugs 
are now available for some respiratory viruses, includ-
ing influenza and adenovirus. Several diagnostic tests 
have been introduced for the detection of respiratory 
viruses. The main characteristics of the most widely 
used assays are shown in Table 21.2.

High-quality clinical specimens are needed to 
ensure the accurate detection of respiratory viruses. 
Indeed, respiratory virus detection requires a large 
number of epithelial cells, since viruses are intracellu-
lar pathogens. Nasopharyngeal aspirates and nasopha-
ryngeal washes are recognised to be superior to other 
sample types for detecting respiratory viruses [103, 
104]. Because the collection process is unpleasant and 

Test Sensitivity Specificity Time to result Viral targets Cost

Immunofluorescence staining ++ ++ <3 h <8 15–25 Euros

Rapid antigen testing 
(immunochromatography)

+ +/++ <1 h Only available for  
influenza and RSV

10–15 Euros  
per test

Cell culture + +++ Days to  
weeks

Depending on the  
cell lines used

NA

Monoplex NASBA or real-time 
PCR assay

+++ +++ <12 h 1 or 2 per reaction 10–20 Euros  
per target

Multiplex molecular assay +++ ++/+++ 6 h–24 h 12–20 per reaction  
in 1 or 2 tubes

50–80 Euros  
per panel

Table 21.2 Methods for detecting common respiratory viruses
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time-consuming, causes patient discomfort, and 
requires a suction device, flocked swabs were recently 
introduced for respiratory sample collection. Flocked 
swabs were found to improve the collection and release 
of epithelial cells [105, 106], and were recently recom-
mended for the diagnosis of the new pandemic H1N1 
influenza strain. The number of cells collected is lower 
with flocked swabs than with nasopharyngeal aspi-
rates, but seems sufficient for respiratory virus detec-
tion by immunofluorescence [105, 106]. Flocked swab 
collection is sensitive, specific, easy to use, and better 
tolerated by patients, and may therefore constitute a 
good alternative to nasopharyngeal aspiration. Because 
most respiratory viruses have high replication rates in 
the upper respiratory tract, nasopharyngeal secretions 
are usually sufficient to diagnose respiratory viral 
infections. However, asymptomatic respiratory virus 
shedding in the upper respiratory tract may occur even 
in immunocompromised patients, and URTI may be 
followed by LRTI, particularly during influenza infec-
tions. Thus, virus detection in lungs via bronchoalveo-
lar lavage may be useful to assess the causative role for 
the virus.

Over the past 2 decades, virus isolation and antigen 
detection have been the mainstay of clinical laboratory 
testing for respiratory virus infections. Virus isolation 
required several cell lines and was mainly performed 
on shell vial cultures. The diagnosis was based on the 
presence of the cytopathic effect, which requires sev-
eral days or weeks to develop. To shorten the time to 
diagnosis, specific monoclonal antibodies were intro-
duced to enable the detection of specific viral antigens 
within 1–2 days. Direct or indirect fluorescent anti-
body staining of cells from respiratory specimens 
(mainly nasopharyngeal swabs or nasopharyngeal 
aspirates [NPA] and bronchoalveolar lavage fluid) is 
commonly used to detect viral antigens. In many labo-
ratories, the first-line test is immunofluorescence stain-
ing, which requires very little material and provides a 
result within about 3 h. However commercial mono-
clonal antibodies are available for a limited number of 
targets, including influenza A and B; RSV; adenovirus; 
PIV 1, 2 and 3; and human MPV. Thus, rhinoviruses 
and coronaviruses, the most frequent causes of URTI 
and the most recently discovered agents, cannot be 
detected using monoclonal antibodies.

Nucleic acid amplification tests have been proven 
to be rapid, very sensitive, and specific. The early 
tests, including PCR, nucleic acid sequence-based 

amplification (NASBA), and real-time PCR assays, 
were developed in monoplex format. Despite the gain 
in sensitivity and the ability to test for most respiratory 
viruses, the need to carry out as many PCR tests as 
targets has limited the use of this method. None of the 
current PCR assays has sufficiently high throughput to 
handle large numbers of samples containing multiple 
targets. Over the last few years, assays have been intro-
duced in multiplex format. Different technologies have 
been used. In addition, sensitivities may be lower com-
pared to monoplex real-time RT-PCR. Multiplex PCR 
procedures are difficult to optimise, because each 
amplification target corresponds to a set of primers 
characterized by a unique combination of optimal 
annealing conditions. Multiple primers included in a 
single tube may also result in primer-primer interfer-
ence and in nonspecific nucleic acid amplification.

Currently, several multiplex assays can detect up to 
nine respiratory viruses in a single reaction. Real-time 
multiplex assays detect up to five targets in a single 
reaction, depending on the number of channels avail-
able in the real-time PCR machine [107–110]. Existing 
multiplex PCR assays that use agarose gel electropho-
resis or capillary electrophoresis as the detection sys-
tem or multiplex PCR assays combined with an 
enzyme-linked immunosorbent assay can detect five to 
nine targets per reaction [111–113].

More recently introduced techniques can detect up 
to 20 targets in one or two tubes. These include the 
four techniques detailed below.

1. Low-density micro-array based on cDNA spots that 
are immobilised on a polymer-coated slide and that 
hybridise with specific DNA sequences previously 
amplified from the sample using PCR. Hybridisation 
is detected based on the production of an insoluble 
product on the microarray at the sites where ampli-
fied DNA products are captured by the probes [114].

2. Multiplex detection based on Luminex technology. 
The PCR products are coupled with spectrally dis-
tinct fluorescence-labelled micro-beads, which are 
detected by flow cytometry [115, 116].

3. Multiplex ligation-dependent probe amplification 
(MLPA) involves specific viral amplification fol-
lowed by amplification after hybridisation and bind-
ing of virus-specific probes to the PCR product. 
Identification is accomplished by PCR fragment 
size analysis using gel electrophoresis methods 
[117, 118].
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4. Mass spectrometry assays for respiratory virus 
detection are based on the analysis of base compo-
sitions in RT-PCR amplicons [119].

Most assays exhibited specificities comparable to 
those of cell culture and monoplex real-time reverse 
transcription (RT)-PCR, and sensitivities similar to 
those of monoplex (RT)-PCR assays.

Although molecular assays, particularly RT-PCR, 
provide same-day results, they require a nucleic acid 
extraction step. This step increases the time to results 
compared to antigen detection by fluorescent staining. 
Molecular assays should be performed as often as pos-
sible to improve patient care by shortening the hospital 
stay, curtailing or preventing antibiotic therapy, pre-
venting nosocomial spread, and allowing specific anti-
viral therapy. Therefore, and given the cost of the 
equipment needed (RT-PCR machine, sequencer, 
luminex, nucleic acid extractor, DNA chip reader, 
mass spectrometer), molecular assays will probably be 
chiefly performed in laboratories receiving large num-
bers of samples per day.

Few data are available on the exhaustive and sensi-
tive detection of respiratory viruses in HM patients. 
Recent data show that using molecular assays increases 
the virus detection rate twofold compared to cultures 
and fourfold compared to immunofluorescence staining 
[120]. Two prospective studies of molecular assays in 

HSCT recipients documented persistent asymptomatic 
respiratory shedding of PIV and human MPV [30, 65]. 
These data emphasise the need for prospective studies 
of the molecular detection of respiratory viruses to elu-
cidate factors associated with symptomatic or asymp-
tomatic respiratory viral infection and to help in the 
interpretation of positive assays in HM patients.

21.5.1  Antiviral Treatment

A chapter from Dr. Sandherr is dedicated to antiviral 
therapy in this book. Regarding common viruses, we 
will briefly describe available treatments on influenza 
and RSV. Two classes of antiviral drugs are available 
for the treatment of influenza: M2 ion channel inhibi-
tors and neuraminidase inhibitors. The M2 ion channel 
inhibitors, amantadine and rimantadine, act by inhibit-
ing the M2 protein needed for viral RNA release within 
the host cells. They are active only against influenza A 
strains. Their clinical effect is limited, being not signifi-
cantly different from that of a placebo [121], and is fur-
ther hampered by the worldwide emergence of resistant 
influenza A strains [122]. The neuraminidase inhibitors 
(Table 21.3), oral oseltamivir and inhaled zanamivir, 
are sialic acid analogues that competitively inhibit the 
influenza neuraminidase. Randomised controlled trials 

Oseltamivir Zanamivir Ribavirin Cidofovir

Therapeutic class Neuraminidase 
inhibitor

Neuraminidase  
inhibitor

Nucleoside analogue Nucleoside analogue

Route Oral Inhaled Inhaled Intravenous

Regimen 75 mg bid 10 mg bid Up to 2 g tida 5 mg/kg weeklya

Duration 5 days 5 days 10 daysa Variableb

Side effects Rash Rash bronchospasm Haemolytic anaemiad 
bronchospasm

Nephrotoxicityc 
myelosuppression 
retinitis

Indication Influenza Influenza RSVe Adenoviruse

Evidence supporting 
use

Cohort studies Cohort studies Cohort studies Cohort studies

Table 21.3 Antiviral treatments for common viral pneumonia

NA not available, bid twice daily, tid three times daily
aThe therapeutic regimens are those described in the available literature
bCidofovir is given in a dose of 5 mg/kg weekly for 2 weeks then every 2 weeks according to the clinical response
cHyperhydratation and probenecide may help to prevent cidofovir nephrotoxicity
dHaemolytic anaemia may be readily controlled by blood transfusion
eThese drugs have not been approved by regulating authorities in these indications
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showed moderate decreases in symptom intensity and 
duration with both drugs [123–125]. Neuraminidase 
inhibitors may also limit bacterial super-infection of the 
lungs [125, 126]. Early administration of these drugs 
seems mandatory to obtain a clinical benefit [127]. A 
more recent cohort study suggested a diminution of 
15-day mortality with neuraminidase inhibitors [128]. 
This result must be interpreted with caution, especially 
given the study design. There is growing concern about 
the emergence of oseltamivir-resistant influenza A 
strains [129]. This phenomenon is not surprising given 
the high mutation rate in the influenza genome. It should 
lead clinicians to reconsider the indications of neuramin-
idase inhibitors and their use as monotherapy to treat 
influenza [130]. No randomised controlled trials have 
evaluated the efficacy of neuraminidase inhibitors in 
patients with HM. The apparently lower mortality in 
descriptive cohort studies compared with historical 
studies must be interpreted with caution [33–35, 131]. 
Many of the patients in these cohorts had bacterial and 
fungal co-infections, whose specific treatment probably 
contributed to decreasing mortality. Furthermore, the 
decision to treat patients was left to clinician discretion, 
which may have introduced a bias toward selection of 
patients with greater disease severity. Given both the 
absence of strong evidence supporting beneficial effects 
of neuraminidase inhibitor therapy and the rapid emer-
gence of resistant strains, we believe that neuramini-
dase inhibitor therapy cannot be recommended for HM 
patients with influenza. Randomised controlled trials 
are needed to determine the efficacy, safety, and eco-
logical impact of neuraminidase inhibitors in these 
patients.

Ribavirin is the only available antiviral drug for 
Paramyxoviridae infection (Table 21.3). The efficacy 
of aerosolized ribavirin was variable in uncontrolled 
cohorts of patients with RSV-related pneumonia  
[34, 46, 132]. Again, the results must be interpreted 
with caution. Early ribavirin therapy, introduced before 
the onset of respiratory failure, seemed associated with 
lower mortality in the study by Whimbey et al. [132]. 
This observation led some authors to evaluate pre-
emptive ribavirin therapy, characterised by ribavirin 
treatment of RSV URTI to prevent progression to 
pneumonia [133, 134]. The study by Boeckh et al. is 
the only randomised controlled trial evaluating pre-
emptive ribavirin therapy in patients with RSV infec-
tion [133]. Unfortunately, the trial did not enrol a 
sufficient number of patients to produce conclusions. 

Intravenous ribavirin has also been evaluated and 
found unhelpful [29, 135]. Combining ribavirin with 
intravenous immunoglobulins or RSV-specific immu-
noglobulins produced variable levels of efficacy in 
cohort studies [35, 132, 136, 137]. Palivizumab, an 
RSV-specific monoclonal antibody, was evaluated only 
in a small cohort [138].

In vitro, ribavirin exhibits mild antiviral activity 
against PIV [58]. No clear efficacy of aerosolized riba-
virin was found in small, uncontrolled cohorts of 
patients with HM [34, 139]. Early initiation of ribavi-
rin therapy has been proposed to enhance efficacy 
[140]. No studies have evaluated intravenous immuno-
globulins or RSV-specific immunoglobulins, which 
contain high titres of PIV-specific immunoglobulins.

An in vitro study suggests that ribavirin may be of 
interest for treating human MPV-related pneumonia, 
but this drug has not been evaluated in patients with 
HM [141].

To date, there is no strong evidence supporting the 
use of ribavirin, either alone or combined with immu-
noglobulins, to treat Paramyxoviridae-related pneu-
monia in patients with HM.

No controlled randomised study has evaluated the 
treatment of adenoviral disease in patients with HM. 
Ribavirin and cidofovir have been suggested for the 
treatment of adenoviral infections, but only uncon-
trolled cohort studies are available to support their use. 
Intravenous ribavirin therapy failed to demonstrate 
benefits in available studies [89, 142–147]. Cidofovir 
therapy (Table 21.3) seemed to result in better out-
comes in small, uncontrolled series [148–153]. 
Ganciclovir and antiretroviral drugs, such as zalcit-
abine, alovudine, and stavudine, exhibit in vitro activ-
ity against adenoviruses, but have not been specifically 
evaluated in clinical settings [95, 154]. Considering 
the lack of specific antiviral drugs, decreasing the level 
of immunosuppression seems to be a rational treat-
ment approach [155]. T-cell therapy has also been 
reported in some small series [155, 156]. Early cidofo-
vir treatment seems associated with a better outcome 
[151]. Weekly PCR screening for adenovirus viraemia 
has been suggested to guide pre-emptive cidofovir 
therapy [91–94, 153, 157]. The exact threshold above 
which pre-emptive cidofovir therapy should be initi-
ated is unknown. Randomised controlled trials are 
needed to better define the optimal viraemia threshold 
for antiviral therapy and to evaluate the benefits from 
this treatment.
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The greater severity of common respiratory viral 
infections in HM patients and the lack of clearly proven 
effective antiviral drugs emphasise the critical impor-
tance of preventive strategies.

21.6  Prevention

The occurrence of common respiratory virus infections 
in patients with HM is closely related to viral activity in 
the community. However, nosocomial outbreaks have 
been described in haematologic wards, often within a 
few days after an outbreak in the community [31, 43, 
44, 46, 158–160]. Preventing nosocomial transmission 
of common respiratory viruses requires a multifaceted 
approach (Table 21.4) that targets not only the modes 
of transmission, but also the source of the viruses [43]. 
Nosocomial outbreaks are believed to originate from 
infected patients and from infected health-care work-
ers. Infection control measures include screening 
symptomatic patients for common respiratory viruses, 
early isolation of infected patients, screening health-
care workers and visitors for respiratory symptoms, 
and avoiding contact of symptomatic individuals with 
patients. Most haematologic wards do not allow 

children to visit patients, as children are highly prone to 
common respiratory virus infections and may exhibit 
viral shedding long after symptom resolution [39]. 
Continual reinforcement of standard hygiene measures, 
especially hand hygiene before and after contact with 
patients, is also strongly recommended. Awareness of 
the usefulness of these measures, and therefore adher-
ence to the measures, are low, but can be enhanced by 
educational programs [161]. Most of the common 
respiratory viruses are transmitted by droplets or direct 
contact of infected secretions with the nasal mucosa or 
conjunctiva. Indirect transmission via contaminated 
fomites or devices is also possible, since these viruses 
may survive several hours on these surfaces [6, 7, 58]. 
Consequently, contact isolation of infected patients 
combined with droplet precautions is mandatory [162]. 
A gown, gloves, and a mask with eye protection must 
be worn for all contacts with infected patients. Airborne 
transmission of influenza is suspected [163, 164] but 
not yet proven, and two recent studies suggest that sur-
gical masks may be as effective in preventing influenza 
transmission as masks with greater filtration capacity 
[165, 166]. Infection control measures have not been 
evaluated in randomised control trials, but a before-
and-after study suggests they may help to prevent the 
transmission of common respiratory viruses [43]. It 
must be pointed out that asymptomatic viral shedding, 
when present, limits the effectiveness of infection con-
trol measures [30, 65]. The optimal duration of isola-
tion is unknown. Whether isolation should be prolonged 
in asymptomatic patients with persistent low-titre viral 
shedding detected only by molecular methods remains 
unclear. Since adenovirus acquisition is known to result 
also from endogenous reactivation, adenoviral infec-
tions may be chiefly related to the level of immunosup-
pression [39, 86] and, therefore, may not be effectively 
prevented by standard infection control measures.

To date, influenza is the only common respiratory 
virus for which a vaccine is available. Immunisation 
remains the cornerstone of influenza prevention [6]. 
The immunogenicity of the inactivated influenza vac-
cine is lower in patients with HM compared with 
immunocompetent controls [167–172]. A second dose 
of influenza vaccine has been proposed to enhance 
immunogenicity, but this strategy was not beneficial in 
an open-label randomised study [169, 170]. The tim-
ing of influenza immunisation may be important. 
Immunogenicity may be improved by giving the vac-
cine at least 6 months after HSCT or at least 7 days 

Specific infection control measures

 Screening patients for respiratory virus infections

  Contact isolation with droplet precautions for infected 
patients

  Screening visitors and healthcare workers for URTI 
symptoms

 Prohibiting visits by individuals with URTI symptoms

  Prohibiting work for healthcare workers with URTI 
symptoms

 Prohibiting visits by children

Enhanced standard precautions

  Reinforced hand hygiene before and after contact with 
patients

Annual influenza immunisation

 Patients with HM

 Family contacts of patients

 Health-care workers

Table 21.4 Infection control measures for common respiratory 
viruses
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after intensive chemotherapy [168, 171]. The efficacy 
of influenza immunisation has not been evaluated in 
randomised control trials. However, a retrospective 
cohort study suggested benefits from influenza immu-
nisation in HSCT recipients [173]. Influenza immuni-
sation appears safe in patients with HM, and lifelong 
seasonal administration of the influenza vaccine is 
therefore recommended in these high-risk patients 
[174]. Importantly, family contacts should be immu-
nised also to prevent transmission within the house-
hold. Of critical importance is the issue of health-care 
worker immunisation, which is known to prevent noso-
comial acquisition of the virus [175].

Pharmacological interventions have been proposed 
to prevent common respiratory virus infections. 
Intravenous immunoglobulins and palivizumab have 
been suggested for RSV infection prevention, but have 
not been evaluated in patients with HM. Prophylactic 
post-exposure oseltamivir therapy is currently recom-
mended in patients with HM [176]. This preventive 
measure has not been evaluated in randomised con-
trolled trials, but seems safe based on a recent retro-
spective study in HSCT recipients [177]. Considering 
the lack of proven benefits of oseltamivir therapy and 
the growing concern about the emergence of oseltami-
vir-resistant influenza strains, oseltamivir therapy 
should be carefully evaluated before it is suggested for 
use on a large scale [130].

Another way to prevent morbidity and mortality 
related to common respiratory viruses in patients with 
HM is to limit the risk of progression to pneumonia. 
The pre-emptive treatment of viral URTI has been dis-
cussed above. Given the severity of common respira-
tory virus pneumonia in patients with HM, it appears 
logical and prudent to postpone HSCT in patients with 
documented viral infections. A retrospective cohort 
study suggested that this measure might prevent RSV-
related pneumonia in patients undergoing HSCT [178]. 
It is unclear whether this measure might be applied to 
all types of HSCT, to intensive chemotherapy courses, 
and for all respiratory viruses.

21.7  Conclusion

Common respiratory viruses are now recognised as 
true opportunistic respiratory pathogens in patients 
with HM. In these patients, they constitute a common 

cause of potentially severe pneumonia. However, areas 
of uncertainty remain, indicating a need for further 
investigations. The epidemiology of common respira-
tory virus infections in patients with HM has not been 
extensively studied. Large epidemiological studies of 
common respiratory virus infections in patients with 
HM based on molecular biology tools may lead to 
radical changes in knowledge. Although it is now clear 
that common respiratory viruses are responsible for 
increased pneumonia rates in patients with HM, the 
exact nature and causative mechanisms of these pneu-
monia cases remain unknown. Studies are warranted to 
investigate the role of viruses in the development of 
these LRTIs. The virus might directly injure alveolar 
epithelium or promote lung super-infection by causing 
bronchial epithelium damage. These studies would 
also help to determine the potential benefit of pre-emp-
tive or curative antiviral therapy. Finally, randomised 
controlled studies of antiviral therapy in patients with 
HM are urgently needed.
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22.1  Introduction

Emerging infectious diseases according to the CDC-
hosted journal Emerging Infectious Diseases (www.
cdc.gov/ncidod/EID/about/background.htm) are defined 
as diseases “whose incidence in humans has increased 
in the past two decades or that are expected to have an 
increased incidence in the near future.” These diseases 
respect no regional, national, or international boarders 
and include (1) new infections resulting from changes 
or evolution of existing organisms, (2) known infec-
tions spreading to new geographic areas or popula-
tions, (3) previously unrecognized infections appearing 
in areas undergoing ecologic transformation, (4) old 
infections re-emerging as a result of antimicrobial 
resistance, and, finally and most importantly for the 
field of virology, (5) infections caused by newly dis-
covered agents.

After the discovery of the human metapneumovirus 
(hMPV) in 2001 and the 2002/2003 outbreak of severe 
acute respiratory syndrome (SARS), the number of 
known emerging viruses expanded at a fast pace, 
mainly due to the development of novel virus identifi-
cation methods and their routine use in patients with 
suspected infections but negative findings from con-
ventional diagnostic methods. This chapter focuses on 
these new pathogens and highlights their role in 
patients with hematological malignancies.

22.2  Human Metapneumovirus

In 2001 the hMPV was described as the third known 
Paramyxovirinae to cause disease in humans, toget-
her with the respiratory syncytial virus (RSV) and 
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parainfluenza viruses (PIVs), all of which cause 
respiratory infections [204]. Infections with hMPV 
and RSV occur worldwide and are associated with a 
broad clinical spectrum ranging from mild to life-
threatening disease. Our group and others have shown 
that hMPV infections in hospitalized patients or in 
the elderly are at least as severe as RSV infections 
[125, 146, 147, 175, 178, 204–206, 218, 220, 221, 
229]. Whether hMPV infections cause milder symp-
toms than RSV infections in otherwise healthy indi-
viduals has not yet been systematically investigated. 
Furthermore, hMPV and RSV often occur as co-
pathogens and may then cross-react directly or indi-
rectly [229].

Genetically, hMPV is most closely related to the 
avian metapneumovirus (APV) [204] and is assumed 
to have a zoonotic origin, a possibility supported by 
the fact that it can be transferred to APV-susceptible 
poultry. Serological and bioinformatic analyses indi-
cate that passage to humans occurred more than 
50 years ago [47, 48, 210].

In contrast to RSV, hMPV lacks two genes coding 
for the nonstructural proteins NS1 and NS2, both of 
which are assumed to interact with the host’s immune 
response. For this reason, RSV and hMPV may induce 
different host immune responses [25, 59, 122, 123, 
144, 148, 191]. While RSV may be defined as a re-
emerging pathogen, at least in some patient cohorts 
where it was previously underestimated [174], hMPV 
has been shown to cause a number of severe respiratory 
events in patients with hematological malignancies. 
RSV infection and hMPV infection are indistinguish-
able on clinical grounds alone [229].

In one study including 114 lung transplant recipi-
ents, hMPV was detected in bronchoalveolar lavage 
(BAL) fluid from about 5% of symptomatic patients 
[45]. Further cases were described after lung and 
heart–lung transplantation in patients having histologi-
cal findings of acute pneumonia with diffuse alveolar 
damage and hyaline membrane formation [112, 192]. 
In hematopoietic stem-cell transplant recipients, hMPV 
can cause life-threatening disease. Englund and col-
leagues described a case series in which the hMPV 
detection rate by RT-PCR was about 26% among 
symptomatic patients, and 80% of hMPV-positive 
patients died from severe infection [63]. Furthermore, 
in stem-cell transplant recipients, viral shedding and 
persistence may be prolonged compared to otherwise 
healthy individuals and may be accompanied by severe 

infection characterized by rapidly progressive pneu-
monia with diffuse alveolar hemorrhage [50, 63]. Until 
now, ribavirin has been the only antiviral agent used to 
treat severe hMPV infections [28, 85, 93, 165]. 
Ribavirin was tested in a mouse model and used suc-
cessfully in two published clinical cases. To date, no 
other antivirals or vaccines are available.

22.3  Human Bocavirus

Human bocavirus (HBoV) may be an emerging res-
piratory virus. It was first discovered in 2005 by the 
Swedish research group led by Tobias Allander at the 
Karolinska University Hospital in Stockholm [9]. 
The discovery was made possible by a novel molecular 
virus screening technique involving DNase treatment, 
random amplification, cloning, and sequencing. The 
newly found virus showed up as a possible cause of 
respiratory disease, particularly acute respiratory tract 
infections. Clinical symptoms include coughing, fever, 
and rhinorrhea. It is still unclear whether HBoV is able 
to trigger disease on its own or occurs only as a co-
pathogen [176].

Comparisons of the genomic sequence to other 
known viruses suggest that HBoV may belong to the 
Parvoviridae family, Parvovirinae subfamily, and 
Bocavirus genus. This genus has two other viruses, 
namely, bovine parvovirus (BPV) and canine minute 
virus (CnMV). HBoV may be the second Parvoviridae 
known to cause human disease, after parvovirus B19, 
which belongs to the Erythrovirus genus. Several 
nonpathogenic parvoviruses are also known to infect 
humans, including the adeno-associated viruses 
(AAV) of the parvovirus family, Dependovirus genus, 
and, in the same family, parvovirus 4 (PARV4), a pos-
sible member of the Hokovirus genus [113]. Two new 
viruses classified as HBoV2 and HBoV3 were discov-
ered recently. HBoV2 has 75% similarity to HBoV, 
compared to only 18% for HBoV3 and HBoV2 
[12, 100]. HBoV2 was detected in children with acute 
gastroenteritis in England, Pakistan, and Australia, 
whereas HBoV3 was detected during the course of an 
HBoV2 surveillance program but could not be associ-
ated to any symptoms [12].

HBoV is a non-enveloped single-stranded DNA 
virus, encapsulated in a simple icosahedral shell with a 
diameter of 20–26 nm, made up by the arrangement of 
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two proteins. The main genome body containing the 
open reading frames (ORFs) encoding viral proteins 
has been sequenced and shown to be 5,309 nt in length 
[115]. The entire genome length is predicted to be 
about 6,000 nt [8, 9]. Experiments to directly sequence 
the virus genome failed and led to faulty data [9, 27]. 
HBoV is thought to have palindromic hairpin struc-
tures flanking the terminal ends, similar to related 
Parvoviridae (e.g., BPV and CnMV). The function of 
the terminal folds is not fully understood, but it is 
thought that they act as primers in viral replication and 
are important for packaging [101]. Until now, it was 
not possible to decipher the unknown sequences. 
Attempts to amplify the regions encoding specific 
enzymes did not reveal the nucleotide sequence [9]. An 
undetected protein covalent or other protein modifica-
tion on the HBoV genome may explain this failure, as 
other parvoviruses (B19, MVM, and H1) possess pro-
tein covalents attached to their genomes [39, 51, 168]. 
Recent findings reveal that the majority (87.5%) of the 
ssDNA strands packed in the capsid are of negative 
polarity, independent from their viral subtypes [27]. 
The genomic composition is as yet unconfirmed, and 
so far three ORFs have been identified, similar to BPV 
and CnMV. One of these ORFs encodes for the viral 
capsid proteins VP1 and VP2, whereas the other two 
encode for non-structural proteins. The VP2 gene 
sequence is nested within the VP1 gene sequence. The 
VP1 sequence, compared to VP2, contains a unique 
terminal sequence, VP1u [163], which may be required 
for HBoV genome transfer to the nucleus for replica-
tion [236]. The HBoV capsid is composed of 60 pro-
teins, derived from the structural molecule VP1 and its 
derivative VP2 [9]. The functions of the non-structural 
proteins NS1 and NP-1 are still equivocal. NS1 may 
play a role in replication. It generally acts as an initia-
tor protein (for parvoviruses), specifically controlling 
the process by which several concatemeric intermedi-
ates are processed by rolling-hairpin replication [15]. 
The role for NP-1, located in the middle ORF, is still 
unclear, but probably also involves parvovirus replica-
tion. The transmission route of HBoV is still unknown, 
but suggested tissue sites for replication are the respira-
tory and intestinal epithelia, as well as the lymphatic 
organs. Parvoviruses replicate only in proliferating 
cells, and the viral proteins are transcribed only during 
the S-phase. Recently, an in vitro replication system 
for HBoV using stratified human airway epithelium to 
imitate the human trachea was successfully established. 

The cells were inoculated with HBoV-positive material 
from respiratory tract secretions of hospitalized chil-
dren. Apical HBoV release from the cells was con-
firmed using PCR. This study further showed that the 
transcription model resembled that of both of the other 
known bocaviruses (BPV and MVC) [52].

Symptoms associated with possible HBoV infection 
are wheezing, fever, bronchiolitis, and pneumonia [8, 12, 
19, 31, 33, 41, 43, 44, 49, 97, 114, 118–121, 124, 126, 
141, 176, 177, 179, 183, 195, 198, 203, 213, 219, 226, 
235, 237, 239]. However, the presence of HBoV in the 
respiratory tract does not prove that the virus is the cause 
of infection. HBoV is often detected concomitantly with 
other respiratory viruses [41, 216, 226], a fact that adds 
to the uncertainty regarding the pathogenic potential for 
HBoV [41, 66, 91, 97, 118, 124, 128, 136, 176, 200, 
203, 213, 217, 226, 239]. The symptoms are identical in 
patients positive for HBoV alone or combined with 
another virus, but the viral load is higher in mono-infec-
tions than in coinfections. Asymptomatic patients can 
carry the virus. In one study, 43% of tested asymptom-
atic children were HBoV-positive. These patients were 
admitted for elective surgery, and the group undergoing 
mainly ear, nose, and throat surgery had the highest 
prevalence of asymptomatic HBoV infection [124]. 
These data suggested that HBoV may persist in the host 
in the tonsillar lymphoid tissue, contributing to tonsillar 
hyperplasia [126]. HBoV has been detected in patients 
with symptoms of gastrointestinal infection, but it is 
unclear whether the virus is only excreted in stool or is a 
cause of gastroenteritis. In these studies, HBoV was 
found concomitantly with a norovirus or other enteric 
viruses, and HBoV was not directly proven to be a cause 
of gastrointestinal infection. The virus in suspension in 
respiratory secretions may be simply swallowed and 
excreted in stool. The newly discovered HBoV2 and 
HBoV3 have both been detected in stool samples. 
HBoV2 was identified in a study involving stool sample 
screening in children with non-polio acute flaccid paral-
ysis [12, 100, 179], and HBoV2 and HBoV3 were 
detected in hospitalized children with acute gastroen-
teritis. More studies on the two new HBoV types are 
needed to gain a better understanding of their role in 
gastrointestinal infections. No evidence that HBoV2 and 
HBoV3 can infect gastrointestinal tissue exists to date. 
Furthermore, whether detection of these viruses in serum 
indicates viremia or infection of blood cells is unknown, 
because there are no currently established methods for 
detecting HBoV particles. The related parvovirus B19 
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can infect erythroid progenitor cells in the bone marrow, 
but no HBoV DNA was detected in bone marrow sam-
ples from human immunodeficiency virus (HIV)-
positive and -negative individuals, whereas B19 was 
present in both groups [76, 146]. So far, there is one pub-
lished report of HBoV associated with severe pneumo-
nia in a pediatric hematopoietic stem cell transplant 
recipient [172, 173] and one of HBoV infection in an 
adult with leukemia [109]. However, none of these 
patients had clinical symptoms different from those 
caused by other “common cold” pathogens, and no spe-
cific antiviral therapy was available.

Since the discovery of HBoV, infections with this 
virus have been found worldwide. The prevalence of 
infections in which HBoV may be a causative factor 
ranges from 1.5% to 19.3%. No seasonal variations have 
been described. HoBV occurs mainly in pediatric 
patients aged 6–24 months [4, 5, 9, 10, 12, 16, 17, 37, 
40, 42, 44, 61, 74, 77, 86, 91, 95, 99, 103, 116, 127, 132, 
143, 149, 158, 160, 162, 166, 167, 179, 187, 189, 194, 
214, 219, 226, 235, 238]. Younger children may be pro-
tected by maternal antibodies [38]. HBoV-IgG can cross 
the placental barrier, but it is unclear whether HBoV can 
be transmitted from the mother to her fetus. Antibodies 
against HBoV have been found in about 94% of indi-
viduals older than 19 years of age [44]. At the moment, 
only two different genotypes of the single HBoV lin-
eage are known. A simple verification test is available 
for rapidly differentiating between these two genotypes. 
Digestion of a 309-bp fragment of the VP1/VP2 gene 
with BstAPI endonuclease yields two fragments with 
genotype 1, but induces no cleavage with genotype 2 
[54]. Three HBoV2 genotypes have been identified [5], 
but no information is available for HBoV3.

Despite a large number of clinical studies, the bio-
logical background of HBoV is still unknown. The 
virus can be replicated in a cell line. However, com-
plete genome sequencing is needed to fully understand 
the virus. As this virus may cause acute respiratory 
disease, it is crucial to understand the disease process 
and its causative agent.

22.4  Human Coronaviruses

As of August 2009, five human coronaviruses (CoVs) 
were known, of which three meet the definition of 
emerging pathogens. The five human CoVs are OC43 

and 229E, two long-known viruses that cause respira-
tory and/or gastrointestinal disease, and the emerging 
viruses SARS-CoV [56], NL63 [207], and HKU-1 
[233]. SARS-CoV appears to be an archetypical 
zoonosis responsible for a single outbreak, which was 
unfortunately accompanied with high mortality and 
had the potential for a pandemic event. The two other 
newly detected CoVs, NL63 and HKU-1, occur peri-
odically and infect all age groups worldwide.

After the identification in the 1960s of the first 
CoVs known to cause human disease, HCoV-229E and 
HCoV-OC43, and their association with mild respira-
tory disease [30, 34, 67, 84, 137, 142], little new infor-
mation emerged in this field until the beginning of the 
twenty-first century. In 2002/2003, a CoV appeared in 
the Guangdong province of China, causing severe 
acute respiratory syndrome (SARS) [56, 108, 156]. 
SARS was fatal in some patients, although at the time 
CoVs were believed to cause only mild disease. 
Strenuous efforts were made to identify and to charac-
terize this new virus and to curb its potential for caus-
ing a pandemic.

Among the heterogeneous Coronaviridae family, 
CoV NL63 (HCoV-NL63) was identified in 2004 
[207] and CoV HKU1 (HCoV-HKU1) in 2005 [232]. 
In contrast to SARS-CoV, these newly detected CoV 
led to clinical symptoms similar to those caused by 
HCoV-229E and HCoV-OC43. Considerable research 
has been undertaken to learn more about these viruses, 
their differences, similarities, and characteristics. 
This review focuses mainly on SARS-CoV and 
HCoV-NL63.

Several techniques were employed to characterize 
and to identify the agent causing SARS. Tests for 
known respiratory viruses were negative. Patient 
samples were inoculated onto Rhesus monkey kid-
ney cells (fRhk4) to look for cytopathic effects. 
Electron microscopy revealed the morphology of the 
virus and led to characterization of the virus family. 
Histopathological studies showed mild interstitial 
inflammation with scattered alveolar pneumocytes. 
In an immunofluorescence antibody assay, sera from 
patients had high titers of antibodies against the 
infected cells. A random RT-PCR assay generated 
DNA fragments of unknown origin, but with homol-
ogy to viruses of the Coronaviridae family, and con-
firmed the results of electron microscopy. A few days 
later, these results were confirmed by two other 
groups [56, 108, 156].
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SARS and its causative agent appeared unexpectedly 
and spread explosively. The infection was transmitted 
from palm civets to humans, although it has since been 
confirmed that bats are the natural reservoir of SARS-
CoV. Due to the fast mutation rate of RNA viruses and 
their resulting genotypic markers, the course of the 
infection could be reconstituted in great detail. In the 
early phase of the SARS near pandemic, the very first 
index patient fulfilling the subsequent WHO definition 
of SARS resided in Foshan near Guangzhou and was 
identified on November 16, 2002. One month later, the 
second case occurred, in Shenzhen, where a man who 
had regular contact with wild animals was infected and 
transmitted the disease to his family and to several staff 
members at the hospital where he was admitted. Similar 
cases were reported nearby. In January 2003, the second 
phase of the SARS outbreak started in Guangzhou. 
Several patients died, and patients were transferred to 
major hospitals, leading to nosocomial spread of the 
virus to other patients and health-care workers.

The next and final phase started in mid-February 
2003 and heralded the pandemic. A doctor was infected 
in Guangdong province and took the disease to Hong 
Kong, where he stayed in a hotel (“hotel M”). He 
infected 17 other people, who were admitted to differ-
ent hospitals, where further nosocomial infections 
occurred. Some of the infected patients transferred the 
virus via air travel to Vietnam, Singapore, and Toronto, 
where new cases emerged. A novel CoV was identified 
on March 21, 2003, and confirmed a few days later. 
The first strain (Tor2) was fully sequenced on April 12, 
2003, and SARS-CoV was proven to be the cause of 
SARS [134]. In July 2003, the epidemic ended, with 
no further human-to-human transmissions being 
reported. In September 2003, a new case was reported 
at a laboratory in Singapore, and over the next 2 years 
other accidents occurred in laboratories.

HCoV-NL63 was discovered in a 7-month-old child 
with bronchiolitis. Diagnostic tests for all known respi-
ratory viruses were negative. Inoculation of a sample 
on tMK and, later on, LLC-MK2 cell cultures pro-
duced a cytopathic effect. In the LLC-MK2 cell cul-
ture supernatant, a new virus was identified using the 
VIDISCA method [161, 207]. Sequence comparisons 
established that the virus was most closely related to 
HCoV-229E and, together with PEDV and Bat-CoV, 
belonged to the coronavirus subgroup 1b. Two further 
research groups obtained identical results soon after-
ward [65, 72].

There is some indication in the literature that 
HCoV-NL63 was detected much earlier. Viruses were 
described that did not exhibit all the characteristics of 
HCoV-229E or HCoV-OC43. Unfortunately, these iso-
lates were lost, so that studies could not be done to 
determine whether one or more of them were identical 
to HCoV-NL63. SARS-CoV and HCoV-NL63 are both 
members of the Coronavirus genus, Coronaviridae 
family, within the Nidovirales order. Both organisms 
are positive single-stranded RNA viruses with a large 
genome of about 30 kb. The virus particles are envel-
oped and possess peculiar spike-shaped proteins on 
their surface that produce a crown-like appearance. 
Electron microscopy revealed particles of 80–140 nm 
located either within the infected cells at the rough 
endoplasmic reticulum in double-membraned vesicles 
or outside the cells attached to the plasma membrane.

The genomes of both SARS-CoV and HCoV-NL63 
can be roughly divided into two parts. The 5¢ two-
thirds consists of one large polyprotein (ORF1ab) 
including several domains with autocatalytic activities, 
producing nonstructural proteins (NSPs) involved in 
replication and immune evasion. ORF1ab encodes 16 
NSPs in toto in both SARS-CoV and HCoV-NL63.

The last third at the 3¢ end of the genome contains 
the ORFs coding for the functional proteins – spike 
(S), envelope (E), membrane (M), and nucleocapsid 
(N) – and for accessory protein genes that vary in num-
ber and position across species.

Traditionally, CoVs were classified – due to their 
antigenic cross-reactivity – into three groups, which 
were largely confirmed later on by sequence analysis 
results. Group I and II viruses infect mammals, whereas 
group III viruses infect only birds. While HCoV-NL63 
belongs to group 1b, SARS-CoV and the bat CoVs are 
considered group 2b viruses, although bat CoVs con-
stitute a newly identified CoV group.

HCoV-NL63 is most closely related to HCoV-229E, 
and phylogenetic analysis findings suggest that 
HCoV-NL63 may have diverged from HCoV229E in 
the twenty-first century. Furthermore, there seem to be 
two main genetic clusters of HCoV-NL63, and there is 
evidence that the HCoV-NL63 genome is arranged in a 
mosaic-like manner.

Patients infected with HCoV-NL63 usually experi-
ence only mild symptoms, including cough, rhinitis, 
rhinorrhea, and pharyngitis, often with a fever. In rare 
cases, pneumonia can occur, chiefly in children aged 
0–3 years, older people, and immunocompromised 
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individuals. Among children with severe lower respi-
ratory tract infection, a substantial number have croup 
compared to a control group. Croup or laryngotracheo-
bronchitis is characterized by a loud barking cough, 
inspiratory stridor, and hoarseness. An association 
with Kawasaki disease has been postulated but not 
confirmed despite studies by a number of research 
groups [11, 14, 15, 53, 58, 87, 106, 111, 140, 188, 190, 
193, 202, 208].

After the detection of HCoV-NL63 in The 
Netherlands and, later on, in New Haven, CT, USA, 
this virus was found in a number of countries, suggest-
ing a worldwide distribution. Except in subtropical 
regions, HCoV-NL63 was mainly detected in the win-
ter months and often turned up with other co-patho-
gens, such as influenza, RSV, parainfluenza, and 
hMPV. The HCoV-NL63 load is attenuated when there 
is another pathogen. However, and not surprisingly, 
the infection itself seems more severe in co-infections. 
As with SARS-CoV, HCoV-NL63 is detectable up to  
2 months after recovery from the disease. Seroprevalence 
studies showed that virtually every adult encounters 
HCoV-NL63 at least once in a lifetime. Antibodies 
specific for the S protein are produced and display a 
neutralizing effect.

People infected with SARS-CoV had a fever, chills, 
myalgia, rigor, and a nonproductive cough. Clinical 
symptoms such as rhinorrhea and sore throat were less 
common. In contrast to HCoV-NL63, SARS-CoV did 
not infect children, and the disease occurred instead in 
normal and healthy adults and in the elderly. Of 8,096 
infected people, 774 died, demonstrating a nearly 10% 
mortality rate. SARS-CoV spread to more than 30 
countries [26, 29, 35, 94, 186, 227]. The first outbreak 
occurred in late 2002/early 2003. Seasonality of 
HCoV-NL63 infection is not known, as the pandemic 
occurred only once, with the peak in winter. It has been 
confirmed that SARS-CoV is a zoonosis that originates 
primarily from bats. Although SARS-CoV was ini-
tially spread from civets to humans, the actual trans-
mission route was from humans to humans, most likely 
by droplets, and probably occurred in health-care 
facilities, at workplaces, and when using public trans-
portation. The virus was detected not only in the respi-
ratory tract, but also in the gastrointestinal tract, liver, 
kidney, brain, and other tissues.

Seroprevalence was quite low among the general 
population, ranging across studies from 0% to 1.81% 
and being slightly higher in asymptomatic health-care 

workers. In contrast, a much higher rate (up to 40%) 
was found in asymptomatic animal handlers, which 
was not surprising, as these individuals probably 
acquired immunity via less pathogenic SARS-CoV-
like strains that also emerged by zoonotic recombina-
tions. SARS-CoV infection can be accompanied by 
co-pathogens such as other respiratory viruses (e.g., 
hMPV) or other CoVs.

The association of SARS-CoV with severe pneu-
monia in patients with hematological malignancies 
occurred only during the single outbreak, and studies 
on the role for NL63 in these high-risk patients are 
still limited. However, 229E has been detected in 
hematopoietic stem cell transplant recipients with 
high fever, cough, and interstitial and alveolar lung 
disease [157].

22.5  Polyomaviruses

Recently, two novel polyomaviruses were detected in 
respiratory aspirates. Allander et al. in Sweden discov-
ered a previously unrecognized third human polyoma-
virus in 6 (1%) of 637 nasopharyngeal aspirates and  
1 (0.5%) of 192 fecal samples, and suggested the name 
KI polyomavirus (KIPyV) [7]. The second newly iden-
tified polyomavirus was found by Gaynor et al. in 
respiratory samples from Bribane, Australia, and St. 
Louis, MO, USA. This “Washington University” (WU) 
genome polyomavirus (WUPyV) was amplified and 
cloned from the nasopharyngeal aspirate of a 3-year-
old patient with pneumonia and negative tests for other 
respiratory viruses. Screening of 2,135 patients with 
respiratory tract infections identified 43 additional 
cases [79]. Of note, KIPyV was not named for the 
Karolinska Institute in Stockholm where it was 
detected. Since the first description of KIPyV and 
WUPyV, a number of prevalence studies from various 
areas have been published, but the association of these 
viruses with acute respiratory tract infections remains 
unclear [2, 13, 117].

Prevalence studies of KIPyV and WUPyV showed a 
worldwide distribution. The prevalence of KIPyV was 
1% in Sweden, 1.4% in the United Kingdom, 1.99% in 
Thailand, and 2.6% in Australia [7, 23, 152, 155]. The 
prevalence of WUPyV was higher, 7% in South Korea, 
and 6.29% in Thailand [88, 155]. Australia, the USA, 
and the UK had WUPyV prevalences of 4.5%, 1.2%, 
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and 1.0%, respectively [23, 79, 152]. The age distribu-
tion of KIPyV- and WUPyV-infected patients showed 
two peaks, in patients younger than 15 years (with the 
highest rates occurring before 5 years of age) and older 
than 45 years [3, 150]. Seasonal variations in KIPyV 
and WUPyV did not appear consistently. KIPyV infec-
tions predominated during the winter months in 
Thailand but not in Australia. In contrast, WUPyV 
infections were predominantly detected during late 
winter, peaking in December to early summer in 
Australia but not in Thailand [23, 24, 155].

KIPyV and WUPyV are frequently associated with 
other respiratory viruses. High co-detection rates were 
found in Australia, 74.7% for KIPyV and 79.7% for 
WUPyV, and the most commonly co-detected viruses 
were human rhinovirus and HBoV. Co-detection of 
KIPyV and WUPyV was found in 14 patients, of whom 
only 1 had no other respiratory virus [23]. Norja et al. 
detected KIPyV or WUPyV in 19 patients and found a 
viral coinfection rate of nearly 50% with predominant 
detection of adenoviruses. The overall frequencies of 
KIPyV and WUPyV detection were similar in patients 
with upper respiratory tract infection, lower respiratory 
tract infection, or no respiratory symptoms, and eight 
patients were immunosuppressed, although overall the 
patient groups were not very well described [152].

Data are not available to determine whether KIPyV 
and WUPyV detection represents a similar phenome-
non to JCV and BKV reactivation in immunocompro-
mised patients, or whether KIPyV and WUPyV share 
the oncogenic potential of other human and animal 
polyomaviruses, and further studies are needed [242]. 
However, Koch’s modified postulates have not been 
verified so far, and whether KIPyV and WUPyV are 
respiratory pathogens or innocent bystanders is still 
debated. Further studies are required to evaluate the 
clinical relevance of KIPyV and WUPyV detection in 
respiratory specimens.

Another newly recognized polyoma virus of inter-
est may be the Merkel cell polyoma virus, MCPyV, 
recently identified in Merkel cell carcinoma. MCPyV 
may have oncogenic potential, as it is found mainly in 
lesional and non-lesional skin from patients with 
Merkel cell carcinoma and other skin diseases [73]. 
This oncogenic potential, as well as experience with 
other oncogenic viruses such as EBV, suggests a high 
likelihood of MCPyV generating clinical events in 
patients with hematological malignancies. However, 
until now, there are more questions than answers 

regarding this new virus. The role for MCPyV in dis-
ease is unclear, and cell-culture and animal models are 
not yet available [169].

22.6  Picornaviruses

Within the group of picornaviruses, two emerging 
virus lines were identified recently, namely, rhinovirus 
X associated with severe respiratory disease and the 
parechoviruses. The newly identified rhinovirus [105, 
129, 171] causes common colds that can progress to 
fatal infections in high-risk patients. The role for this 
virus in patients with hematological malignancies is 
unclear. The number of known parechoviruses is grow-
ing rapidly, as novel identification methods have led to 
the discovery of new variants. Parechoviruses were 
classified in the Enterovirus genus initially, then found 
to exhibit different biological features, leading to their 
reclassification in their own genus. Clinically, they 
cause the same spectrum of disease as enteroviruses. 
The rodent parechovirus known as Ljungan virus is 
believed to be associated with greater disease severity 
[1, 6, 20–22, 55, 68, 90, 96, 107, 151, 170, 199, 209, 
212, 223, 230, 231, 234, 240, 241]. As with enterovi-
ruses, parechoviruses deserve careful attention in high-
risk patients.

22.7  Reemerging Viruses

22.7.1  Respiratory Syncytial Virus

The RSV has been known for decades and is not 
believed to be an emerging pathogen. However, recent 
investigations have demonstrated clearly that RSV 
infection is underestimated in the elderly and in 
patients with other malignancies, where it may cause 
severe to fatal pneumonia [174, 182, 184, 185, 196, 
197, 215, 222]. This increasing incidence in some 
patient groups may define the RSV as a reemerging 
pathogen, although it is ascribable to the use, for the 
first time, of molecular RSV diagnostic methods in 
vulnerable patient groups. In all likelihood, the RSV 
was present in these groups previously but went 
unrecognized.
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RSV accounts for a large number of infections 
throughout the treatment of patients with acute lym-
phoblastic leukemia. In one study, about 57% of 
patients were positive for RSV at some point in time 
[102]. RSV is also of clinical significance following 
allogeneic bone marrow transplantation and has been 
found in a substantial proportion of patients with lung 
infections [64, 133]. Furthermore, RSV was responsi-
ble for 55% of fatal pneumonia cases in adult immuno-
compromised patients treated for lymphoma and 
leukemia in a retrospective study and was a major 
cause of viral pneumonia in several cohorts of patients 
with these hematological malignancies [57, 78, 81, 82, 
164, 201, 228].

In patients with hematological malignancies, and 
most notably in hematopoietic stem cell recipients, 
RSV infection is fatal in up to 80% of cases [89]. In 
these patients, ribavirin, immunoglobulins, and the 
RSV-specific humanized monoclonal antibody palivi-
zumab may be used as specific therapy and/or prophy-
laxis [18, 32, 36, 38, 60, 69, 70, 75, 80, 83, 104, 110, 
138, 139, 145, 159, 181, 211, 224, 225]. However, evi-
dence supporting the use of these treatments remains 
weak at this time.

22.7.2  Parainfluenza Viruses

Clinically, parainfluenza viruses 1–4 cannot be differ-
entiated from RSV or hMPV infection. As they infect 
the same groups of patients and cause identical symp-
toms, they require the same attention as other patho-
gens. They can also be classified among reemerging 
viruses, as screening was recently introduced. 
Parainfluenza viruses should be considered in the dif-
ferential diagnosis of respiratory infection and distin-
guished from emerging pathogens [98, 154].

22.7.3  Influenza Viruses

Influenza viruses are not emerging viruses, as in theory 
all potential variants and reassortants are identified 
based on well-known data on the mode of replication 
and influenza-associated biological phenomena such 
as antigen shift. Nevertheless, perhaps due to concern 
that a lethal variant similar to the Spanish flu may 

return, or due to the awarding of research grants based 
on this fear, any “novel” influenza virus variant is esti-
mated to have pandemic potential and is therefore clas-
sified as an emerging pathogen (and as an opportunity 
for the media to generate widespread fear of general 
social disorganization and massive mortality). The 
most recent virus classified as an emerging influenza 
virus was the Mexican H1N1 strain identified in 
2009.

Recent developments in the swine-originated H1N1 
pandemic indicate that the main target is not the elderly 
population but, instead, younger adults (www.who.org 
[153, 180]). The immunosenescence concept sug-
gested that older people would be at greatest risk. The 
predominant involvement of younger individuals sug-
gests a role for unknown factors that contribute to clin-
ical disease. Alternatively, aging might exert a 
protective effect. However, it must be hoped that the 
current wave of H1N1 influenza is not a relatively 
harmless prelude to a second severe outbreak later in 
the flu season.

As with any influenza variant, the H1N1 strain war-
rants close attention in high-risk patients. All influenza 
variants can cause severe pneumonia in patients with 
hematological malignancies.

22.7.4  Adenoviruses

Adenoviruses are small naked DNA viruses that occur 
worldwide and mainly infect children between 0.5 and 
5 years of age. The clinical spectrum ranges from mild 
to severe respiratory diseases to epidemic keratocon-
junctivitis (“pink eye”), tonsillopharyngitis, and gas-
troenteric disorders (vomiting, diarrhea). Adenoviruses 
occur in over 50 serotypes, affecting all age groups 
and causing diseases that are usually self-limiting 
within 14 days or asymptomatic [46, 62, 71, 92, 130, 
131, 135]. Importantly, adenoviruses may persist in 
the infected host [46, 62, 71, 92, 130, 131, 135] and 
may undergo reactivation in immunosuppressed 
patients, including those with hematological malig-
nancies. Adenoviruses play a major role in solid-organ 
transplant recipients but occur less often in stem cell 
recipients [46, 62, 71, 92, 130, 131, 135], However, 
novel and more aggressive adenovirus strains may 
meet the definition for emerging pathogens and may 
play a future role in patients with hematological 
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malignancies. Consequently, adenoviruses deserve 
attention. More specifically, shedding may be pro-
longed in high-risk patients, patient isolation may be 
required, and no antiviral therapy for adenoviruses is 
available so far [46, 62, 71, 92, 130, 131, 135].
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23.1  Introduction

Cytomegalovirus (CMV) is a ubiquitous virus that is 
found in all geographic locations and infects people 
from all socioeconomic groups. In the United States, 
approximately 60% of individuals 6 years of age or 
older have been infected with CMV; worldwide, the 
incidence ranges from 60% to 100% [28].

CMV, a DNA virus belonging to the Herpesviridae 
family, infects more humans than does any other virus. 
As with other herpesviruses (i.e., Epstein-Barr virus; 
herpes simplex viruses 1 and 2; varicella-zoster virus; 
and human herpesviruses 6, 7, and 8), CMV remains 
latent in the host and has the potential to be reacti-
vated, causing disease. Transmission of CMV occurs 
from person to person through bodily fluids. Primary 
CMV disease can cause severe infection when acquired 
congenitally; however, when acquired postnatally, it 
usually manifests as a benign mononucleosis-like 
syndrome.

CMV disease is a frequent complication in patients 
with hematologic malignancies and may cause signifi-
cant morbidity and mortality. CMV disease can be 
caused by reactivation of an endogenous virus or by 
infection from a transplanted organ or, rarely, a blood 
product transfusion. CMV infection in immunocom-
promised patient enhances immune suppression, favor-
ing the development of other opportunistic infections 
and increasing the incidence of graft failure [5, 24, 29]. 
The lack of a preserved immune system combined 
with increased viral activation commonly produces 
severe systemic disease in these patients, who may 
develop viremia, pneumonia, gastrointestinal disease, 
hepatitis, meningoencephalitis, polyradiculopathy, 
and/or retinitis.
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23.2  Cytomegalovirus Pneumonia

23.2.1 Epidemiologic Characteristics

CMV pneumonia is uncommon in immunocompetent 
patients. However, immunosuppressed patients are at 
higher risk of developing CMV pneumonia, which is 
associated with a high mortality rate even when treated 
with aggressive antiviral therapy.

A recent study reported an incidence of CMV pneu-
monia in immunocompromised patients of 3%; of the 
patients studied, 68% were hematopoietic stem cell 
transplant (HSCT) recipients, 20% had lymphoma, 
and 12% had leukemia [25]. In HSCT recipients, CMV 
pneumonia was one of the most common life-threaten-
ing infectious complications with an incidence of 
10–30% in allogeneic HSCT recipients compared to 
2% in autologous HSCT recipients, who usually 
develop a less severe form of the disease [31]. The use 
of preemptive therapy has significantly reduced the 
incidence rate [12]. However, the development of late 
CMV disease (>100 days posttransplant) is occurring 
more frequently and is associated with a high relapse 
rate and poor outcome [2]. In patients with leukemia, 
the reported incidence of CMV pneumonia is 2.9% 
[25]. In patients with lymphoma, CMV pneumonia has 
an overall incidence of 1.1%, and its incidence is 
increasing [5]. CMV pneumonia is the most common 
presentation of CMV disease (82%) and is more com-
mon in non-Hodgkin’s lymphoma patients (89%) than 
in other immunocompromised patients [30].

The mean time to onset of CMV pneumonia after 
HSCT transplant is 45 days (range, 2 weeks to > 2 years) 
[9]. However, with the use of prophylaxis, time of onset 
has been delayed to a median of 169 days (range, 96–184 
days) [2].

In HSCT recipients, risk factors for developing 
CMV pneumonia include old age, graft-versus-host 
disease, positive serology of the HSCT donor, use of 
granulocyte transfusions from seropositive donors, 
total body irradiation, depleted antithymocyte globu-
lins, receipt of T-cell-depleted stem cells, and circulat-
ing CMV DNA [15, 22]. On the other hand, the use of 
leukocyte-depleted platelets and CMV-seronegative 
red blood cells reduce the risk of CMV pneumonitis 
[3]. In patients with leukemia, use of lymphocytotoxic 
chemotherapeutic agents has been associated with the 
development of CMV pneumonia [25]. In patients with 
lymphoma, more cases occur in patients with B-cell 

non-Hodgkin’s lymphoma (89%), active disease 
(86%), advanced-stage disease (stage III/IV) (92%), or 
recurrent disease (55%) [5].

23.2.2  Clinical Presentation

The clinical manifestations of CMV pneumonia in 
patients with hematologic malignancies are nonspe-
cific. The most common presenting signs and symp-
toms are fever (80–90%), dry cough (65%), and 
dyspnea (55%). The disease is severe, and patients fre-
quently require admission to the intensive care unit 
[5]. Hypoxemia is common and is a poor prognostic 
sign; patients can progress rapidly to respiratory fail-
ure requiring mechanical ventilation, especially if 
untreated. Severe lymphopenia (<200 lymphocytes/
mL) is common and significantly associates with a 
high mortality [25]. Although not clinical evident, an 
autopsy-based study demonstrated that 48% of cases 
had disseminated infection (adrenitis, nephritis, and 
colitis most commonly).

In HSCT patients, symptomatic disease was 
described to occur most commonly post engraftment 
and before day 30 after transplant, when mucosal dam-
age is maximal from chemotherapy. However, with the 
introduction of ganciclovir prophylaxis and preemp-
tive treatment, CMV disease has been observed more 
frequently later after transplantation, with a median 
onset of day 160 [1, 2, 12].

CMV infection can predispose the host to other 
concomitant infections from opportunistic microbes 
(i.e., bacterial, fungal, or viral) [5, 29]. In these cases, 
the role of CMV should not be underestimated.

23.2.3  Diagnosis

Diagnosis is difficult and challenging. An autopsy-
based study found that of CMV pneumonia patients 
with a postmortem diagnosis, only 64% had an ante-
mortem diagnosis, and only 60% of patients with an 
antemortem diagnosis had received treatment. [29]

The diagnosis of CMV pneumonia requires both 
clinical and radiographic evidence of pneumonia 
(Figs. 23.1–23.3) as well as isolation of CMV in 
bronchoalveolar lavage (BAL) fluid or lung-tissue 
specimens by culture, cytology, immunohistochemical 
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staining, histopathologic examination, or in situ 
hybridization [20].

 23.2.3.1 Radiologic Findings

The radiologic appearances of CMV pneumonia varied 
widely, with no pattern sufficiently characteristic to 

allow differentiation of CMV pneumonia from other 
causes of pneumonia. The most common presentations 
are bilateral asymmetric ground-glass opacities, air-
space opacities, and small centrilobular nodules [16]. 
However, atypical patterns are not uncommon, and nor-
mal chest X-rays have been reported, making it an entity 
difficult to diagnose on the bases of only  imaging [10].

Histopathologically, areas of ground-glass attenua-
tion and/or consolidation on CT scans correspond to 
the areas of alveolar damage that contain cytomegalic 
cells, hemorrhage, neutrophilic exudates, fibrinous 
exudates, and hyaline membranes; the lymphocytic 
interstitial infiltrates that cause alveolar wall or inter-
lobular septal thickening also are seen as ground-glass 
attenuation. Nodules correspond to inflammatory or 
hemorrhagic areas or organizing pneumonia, while the 
centrilobular nodules represent the areas of intralveo-
lar collections of macrophages, red blood cells, and 
fibrin [18].

23.2.3.2  Lung Biopsy/Cytology

A definitive diagnosis of CMV pneumonia should be 
based on detection of the virus in lung tissue speci-
mens by immunohistochemical staining, histopatho-
logic evaluation for viral inclusions, or culture 
(Fig. 23.4). However, lung biopsies are rarely per-
formed in immunocompromised patients because of 

Fig. 23.1 Computerized tomography scan of a 75-year-old 
patient with chronic lymphocytic leukemia and CMV pneumo-
nia showing areas of ground-glass appearance and interstitial 
opacities in both lower lobes (left more than right)

Fig. 23.3 Patients with hematologic malignancies and CMV 
pneumonia frequently develop superimposed infections. Chest 
X-ray of a 72-year-old patient with chronic lymphocytic leuke-
mia developed CMV and Stenotrophomonas maltophilia pneu-
monia showing diffuse consolidation in both lungs

Fig. 23.2 Chest X-ray of a patient with chronic lymphocytic 
leukemia and CMV pneumonia showing interstitial opacities in 
both bases



296 K.J. Vigil and R.F. Chemaly

increased complications, inconsistent diagnosis, and 
questionable reliability.

Therefore, bronchoalveolar lavage becomes a safe, 
effective, and rapid method for diagnosing CMV pneu-
monia in immunocompromised patients. In HSCT 
recipients, identification of CMV by a rapid centrifu-
gation viral culture of BAL fluid has been shown to be 
highly correlated with CMV detection in lung tissue 
specimens [8].

 23.2.3.3 Microbiology

Viral cultures are the gold standard for diagnosing 
CMV infection. However, they have a poor predictive 
value, lack of quantitation, false-negative results, and 
long turnaround time (1–6 weeks). Shell vial centrifu-
gation cultures are a modification of conventional cul-
ture that has a reduced turnaround time and a high 
sensitivity that averages between 68% and 100% when 
compared to conventional viral culture, and are there-
fore an excellent tool to rapidly diagnose CMV in BAL 
and tissue specimens [13, 17].

Polymerase chain reaction (PCR) is the most sensi-
tive assay for detecting CMV in BAL fluid. Alveolar 
cell immunostaining and PCR have a reported sensitiv-
ity of 100% for the diagnosis of CMV pneumonitis, 
whereas viral culture has a sensitivity of only 85.7% 
[4]. However, diagnosis of CMV pneumonia should 
not be based exclusively on PCR, as PCR is considered 
too sensitive and may detect viral shedding without 
documented disease.

Quantification of CMV has been shown to be useful 
in differentiating between viral shedding and CMV 
pneumonia in lung transplant recipients [6, 7]. However, 
the significance in other immunocompromised patients, 
including patients with hematologic malignancies, has 
not been studied.

CMV antigenemia assays are used to monitor 
CMV infection. The antigenemia assay is based on 
the detection of the CMV lower matrix protein pp65 
in polymorphonuclear leukocytes by immunostaining 
with monoclonal antibodies. Results are quantified; 
patients with a high number of antigenemia-positive 
leukocytes are at a higher risk for developing CMV 
disease. Researchers have found CMV antigenemia 
to be a predictor for development of CMV pneumo-
nia [5, 23].

The development of CMV PCR assays has 
improved efficiency and sensitivity for direct detec-
tion of CMV in various specimens, including blood, 
plasma, urine, CSF, and biopsy material. Because the 
CMV viral load in blood correlates with the develop-
ment of CMV disease, determining the CMV DNA 
viral load during the initial phase of infection and 
measuring the rate of increase in the viral load may 
help identify HSCT recipients who are at risk of 
developing CMV disease [14].

23.2.4  Treatment

23.2.4.1  Treatment Options

Current systemic antiviral agents used to treat CMV 
infections include ganciclovir, foscarnet, and cidofo-
vir. Therapy for CMV pneumonia includes both ganci-
clovir and intravenous immunoglobulin. Although this 
treatment has not been evaluated in a randomized con-
trolled trial and a recent study questioned whether the 
use of immunoglobulin improves outcome [21], its use 
is still recommended by experts. The use of ganciclo-
vir is limited by the associated development of neutro-
penia. Foscarnet is used off-label to treat patients 
who experience myelosuppression with ganciclovir. 
However, the use of foscarnet is associated with neph-
rotoxicity and electrolyte imbalances (i.e., hypokalemia, 
hypocalcemia, hypomagnesemia, and hypophos-
phatemia). Cidofovir’s side effects include nephrotox-
icity and, occasionally, neutropenia (Table 23.1).

Fig. 23.4 CMV pneumonia. Early owl eye showing nuclear con-
densation, perinuclear clearing, and typical eosinophilic granules 
in the cytoplasm (Contribution of Jeffrey J. Tarrand, M.D.)
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Antiviral agent Recommended doses Common side effects Resistance mechanism

Ganciclovir Treatment dose: Hematologic toxicities Mutations in UL97 or 
UL54 gene

5 mg/kg IV q 12 h (induction) Neurologic toxicity

5 mg/kg IV q 24 h (maintenance) Abnormal liver function

Prophylaxis dose: Fever

5 mg/kg IV q 24 h Rash

Foscarnet Treatment dose: Nephrotoxicity Mutations in UL54 gene

90 mg/kg IV q 12 h (induction) Electrolyte imbalance (hypocalcemia)

90 mg/kg IV q 24 h (maintenance) Seizures

Prophylaxis dose: Anemia

90 mg/kg IV q 24 h

Cidofovir Treatment dose: Nephrotoxicity Mutations in UL54 gene

1–5 mg/kg/week, followed by 
maintenance every other week

Hematologic adverse effects

Valganciclovir Prophylaxis dose: Hematologic toxicities Mutations in UL97 or  
UL54 gene

900 mg PO daily Gastrointestinal adverse effects

Acyclovir Prophylaxis dose: Acute renal failure Absence, decrease, or  
alteration of viral  
thymidine kinase500 mg/m2 IV every 8 h Neurologic toxicity

Valacyclovir Prophylaxis dose: Thrombotic thrombocytopenic  
purpura

Absence, decrease, or  
alteration of viral  
thymidine kinase2 g/four times daily

Table 23.1 Recommended treatment and prophylaxis doses, side effects, and resistance mechanisms of available antiviral agents 
with activity against cytomegalovirus

DNA deoxyribonucleic acid, RNA ribonucleic acid

 23.2.4.2 Resistance

Emergence of resistant CMV strains must be consid-
ered when choosing a treatment. Resistance to 
 ganciclovir develops from mutations in UL97 (phos-
photransferase), UL54 (viral DNA polymerase), or 
both, whereas resistance to cidofovir and foscarnet 
develops from mutations in UL54 only. In patients 
receiving ganciclovir, resistance results exclusively 
from UL97 in 90% of patients; however, if use of the 
drug is continued, UL54 mutations may develop, pre-
cluding the use of cidofovir secondary to cross-resis-
tance, which is uncommon with foscarnet. Similarly, 
if UL54-resistant mutations develop in a patient 
receiving either ganciclovir or cidofovir, cross-resis-
tance precludes the secondary use of the other drug; 
however, this is not the case with foscarnet [11].

Although it takes weeks to months for resistance to 
develop, clinicians should be aware that 66% of 
patients undergoing treatment for CMV pneumonia 
may show increased CMV antigenemia or viremia, but 
this is not associated with resistance [26].

23.2.5  Outcome

Interestingly, the incidence of fatal CMV pneumonia in 
HSCT recipients has decreased from 4% in 1997 to 
0.8% in 2004 [29]. In patients with leukemia, the associ-
ated CMV pneumonia mortality rate is 57%; in patients 
with lymphoma, it is 30% [5, 25]. A high APACHE II 
score (>16 at onset of CMV pneumonia) and develop-
ment of toxicity due to the use of antiviral agents have 
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been shown to be predictors of death in patients with 
lymphoma and CMV pneumonia [5] (Table 23.2).

23.3  Prevention

One of the main goals in treating immunocompro-
mised patients is the prevention of CMV disease; this 
goal can be accomplished by early detection of the 
virus DNA in plasma via PCR assays or CMV antigen-
emia. Preemptive antiviral therapy, when given imme-
diately after detection of CMV in plasma, can prevent 
the development of end-organ disease and decrease 
mortality [19].

However, some clinicians favor the use of prophy-
lactic therapy. Ganciclovir has been shown to be effec-
tive at preventing the development of CMV pneumonia 
in the first 100 days posttransplantation [1]. 
Valganciclovir, an oral prodrug of ganciclovir that has 
a tenfold greater bioavailability than oral ganciclovir, 
is also used as prophylactic therapy in high-risk trans-
plant recipients [27]. Maribavir is a benzimidazole 
riboside with an unnatural L-sugar moiety that inhibits 
the UL97 kinase, an early viral gene product involved 
in viral DNA elongation, DNA packaging, and egress 

or shedding of capsids from viral nuclei; in a phase II 
study of prophylactic therapy, maribavir was shown to 
reduce the incidence of CMV infection without the 
potential side effect of myelosuppression of ganciclo-
vir [32], providing promising results in the future 
management of CMV disease. However, preliminary 
data analysis from a phase III study failed to show any 
significant difference between maribavir and a placebo 
in reducing the rate of CMV pneumonia in HSCT 
recipients within 180 days posttransplantation (unpub-
lished data).
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24.1  Introduction

Herpes simplex virus (HSV) is known to cause muco-
cutaneous disease in patients with hematologic malig-
nancies [11, 42]. HSV most commonly leads to 
orofacial, genital, and esophageal lesions, and less 
commonly can lead to hepatitis, meningitis, encepha-
litis, bone marrow suppression, and pneumonia [22, 
38, 42]. HSV pneumonia is very rare and has been 
reported in about 3% of the patients with hematologic 
malignancies and in about 5% of patients who have 
undergone hematopoietic stem cell transplant (HSCT) 
(these patients will be referred to as ‘HSCT patients’ 
in the chapter) without prophylaxis [56]. After acyclo-
vir prophylaxis was implemented in patients with a 
HSCT, the incidence of HSV excretion dropped to 
2.5% [49], while HSV pneumonia has been reported 
in less than 1% of all pneumonias developing after 
HSCT [16].

Cytomegalovirus (CMV) has been implicated as 
the most common agent in nonbacterial pneumonias in 
patients with hematologic malignancies and in patients 
who have undergone HSCT [33, 46]. However, HSV 
has been demonstrated as the most common pathogen 
in bronchial samples of patients with severe respira-
tory distress who have been treated with assisted ven-
tilation [54]. Before the 1990s, cases of HSV 
pneumonia were characterized as “idiopathic pneumo-
nia” because of insufficient diagnostic testing or sim-
ply lack of awareness of HSV as a causative agent in 
lower respiratory tract disease [46].

HSV pneumonia is diagnosed most frequently in 
the setting of severe immunosuppression [14, 16, 17, 
27, 60, 64]. Studies involving HSV pneumonia have 
been conducted frequently in patients who have under-
gone HSCT and less frequently in other types of 
immunocompromised patients, such as those with 
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hematologic malignancies, solid tumors, burns, criti-
cal illnesses, or acquired immune deficiency syndrome 
(AIDS) [3, 8, 12, 17, 42, 54]. Respiratory involvement 
is seen most commonly with herpes simplex virus-1 
(HSV-1) [40, 43, 56], but some cases of herpes sim-
plex virus-2 (HSV-2) have been reported [13, 25].

In this chapter, we will focus on incidence and 
transmission, pathogenesis, risk factors, clinical fea-
tures, diagnosis, and management for HSV pneumo-
nia in patients with hematologic malignancies and 
HSCT patients as well as outcome and prognosis. 
Table 24.1 summarizes the outcomes in studies and 

Table 24.1 Studies and case reports on HSV pneumonia

No. Author, 
year

No. of cases Type of immuno-
compromised 
population

Management Outcome

1 Meyers  
1982 [46]

10 Nonbacterial 
pneumonia.

10 weeks s/p HSCT, 
GVHD

Not enough information 
available.

All patients died.

2 Ramsey 
1982 [56]

20 Autopsy cases HM, 2 months s/p 
HSCT, nonHM; on 
chemotherapy, 
radiotherapy

None were on prophylaxis. 
No treatment given.

All patients died of 
respiratory failure. 
Pneumonia to death within 
24 days (mean)

3 Ljungman 
1990 [40]

3 Acyclovir-
resistant HSV-1 
pneumonia

Early HSCT period, 
GVHD

Case 1: Px: ACV 250 mg/m2 
Q12h × 30 days post-HSCT; 
Rx: ACV 500 mg/m2 Q12h  
+ IV Vidarabine 10 mg/kg

Patient 1: Died on day 70.

Case 2: Px: ACV 250 mg/m2 
Q8h × 29 days; Rx: ACV  
× 250 mg/m2 Q8h

Patient 2: Died on day 100.

Case 3: Px-ACV 500 mg/m2 
Q8h × 25 days; Rx- Ganciclovir 
5 mg/kg Q8h × 19 days, ACV 
250 mg/m2 Q8h × 39 days

Patient 3: Died on day 131.

5 Schuller 
1993 [60]

15 HSV-1 
pneumonia

Lymphoma, solid 
organ transplants, 
AIDS, SLE

Px- N/A 33% Died (n = 5) from 
sepsis (2), respiratory 
failure (2), dehiscence of 
tracheal anastomosis after 
lung transplant (1).

Rx-ACV × 17 days (mean)

9 Ferrari 2005 
[23]

1 B-cell ALL on 
chemotherapy

Px-None Noninvasive ventilation 
needed→ infection  
resolved by day 42.Rx-ACV 10 mg/kg Q8h on day 

31; later Px- Valacyclovir

10 Gasparetto 
2005 [25]

3 HSV-2 
pneumonia

HSCT (two 
early-phase, one 
late-phase)

Px- 1 pt on ACV 200 mg Q12h; Two patients improved, 
one died of respiratory 
failure in 2 weeksRx- ACV 500 mg Q8h

11 Frangoul 
2007 [24]

2 ACV-resistant 
HSV-1 
pneumonia

HSCT, GVHD Px- PO ACV 600 mg/m2 Q12h 
or IV ACV 250 mg/m2 Q12h; 
Rx- IV ACV 250 mg/m2 Q8h; 
Foscarnet 60 mg/kg Q12h – 
then 90 mg/kg Q12h

Died on day 110 from 
respiratory failure.

12 Aisenberg 
2009 [3]

45 HSV 
pneumonia 
(6: proven, 25: 
probable, 14: 
possible)

Solid tumors on 
steroids and 
radiotherapy

Px-None Ten (22%) died: four 
treated, six untreated).

Rx-ACV (n = 17), Valacyclovir  
(n = 7), Famciclovir (n = 1) × 
13 days (mean)

ACV Acyclovir, ALL acute lymphocytic leukemia, GVHD graft-versus-host-disease, HM hematologic malignancy, IV intravenous, 
N/A not available, PO oral, Px prophylaxis, Q8h every 8 hourly, Q12h every 12 hourly, Rx treatment, s/p HSCT status post-hematopoi-
etic stem cell transplant
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case reports of patients with HSV pneumonia who 
have hematologic malignancies and HSCT patients.

24.2  Incidence and Transmission

HSV belongs to the Herpesviridae family, which com-
prises HSV-1, HSV-2, varicella zoster virus, CMV, 
Epstein-Barr virus, human herpes viruses 6 and 7, and 
Kaposi’s sarcoma-associated herpesvirus (type 8)  
[37, 66]. HSV (types 1 and 2) belongs to the subfamily 
Alphaherpesvirinae [37, 66].

HSV-1 and -2 are ubiquitous and contagious, and 
they are transmitted horizontally during close contact 
with an infected person who is shedding the virus from 
the skin, saliva, or secretions from the genitals [22, 
38]. Asymptomatic viral shedding and transmission 
are known to occur, especially in HSV-2 infections 
[38]. HSV-1 is usually acquired orally during child-
hood, but may also be transmitted sexually [38]. HSV-2 
is transmitted primarily by sexual contact [38].

The virus is reactivated secondary to triggers such 
as psychological stress; fatigue; exposure to heat, cold, 
or sunlight; menstruation; sexual intercourse; fever; 
immunosuppression; corticosteroid administration; 
laser surgery; local tissue trauma; nerve damage; and 
change in antiviral activity of the saliva [22].

About 80% of adult patients with hematologic 
malignancies are HSV seropositive [62]. HSV reacti-
vates in about 70–80% of seropositive patients [29]. 
The incidence of mucocutaneous lesions among sero-
positive patients with leukemia has been reported to 
range from 15% (among CLL patients treated with flu-
darabine) to 90% (in patients with acute leukemia or 
HSCT) [5, 11, 42, 57, 58]. HSCT patients more com-
monly show HSV reactivations, especially within the 
first 4 weeks of the transplant, while primary infec-
tions are unusual [45].

24.3  Pathogenesis

24.3.1  Pathogenesis in Humans

HSV is a double-stranded deoxyribonucleic acid 
(DNA) virus that measures approximately 200 nm in 
diameter and contains a linear, double-stranded DNA 

core enclosed within an icosahedral protein capsid, 
covered by a tegument and a glycoprotein-containing 
envelope [37, 44, 50, 66, 68].

Initial exposure to herpesviruses often leads to viral 
invasion of epithelial cells and intracellular replication 
at the site of primary exposure [50, 66, 68]. Following 
primary infection, the virus ascends in a retrograde 
manner through the periaxonal sheath of sensory 
nerves to the trigeminal, cervical, lumbosacral, or 
autonomic ganglia of the host’s nervous system  
[50, 66, 68]. The virus replicates and remains dormant 
for life. The trigeminal and sacral ganglia are the most 
common locations for HSV-1 and HSV-2 latency, 
respectively [22].

Pulmonary involvement in patients with hemato-
logic malignancies may be focal or diffuse [56]. 
Focal disease may begin as mucocutaneous/ororpha-
ryngeal disease and continue down to the lower 
respiratory tract (contiguous spread), whereas dif-
fuse pneumonia is associated with hematogenous 
dissemination [56]. Concomitant/preceding HSV in 
pharynx, urine, liver, or genitals has been reported 
[27, 52, 56]. HSV-1 pneumonia occurs through aspi-
ration or contiguous spread, and HSV-2 pneumonia 
is caused by hematogenous spread [44]. HSV pneu-
monia is an intrabronchial process [27]. Focal or dif-
fuse ulcers in the tracheobronchial epithelium can 
lead to necrotizing herpetic tracheitis, as was found 
in autopsy specimens of patients with hematologic 
malignancies [56].

HSV has been shown to be less replicative than 
CMV is in alveolar macrophages, thus suggesting the 
role of altered macrophage function in the develop-
ment of HSV pneumonia [20]. However, an age-
dependent protective role against disseminated HSV 
disease has also been demonstrated [47].

24.3.2  Animal Models

Studies in animal models have attempted to elucidate 
the pathogenesis of HSV pneumonia [1, 2, 19]. 
Reactive oxygen/nitrogen species (RONS) has been 
implicated in the development of viral pneumonitis 
[19]. Intranasal infection of mice with HSV-1 resulted 
in rapid development of pneumonia and decreased 
lung compliance, and was associated with elevated 
expression of inducible nitrogen oxide synthase (iNOS) 
protein and increased nitrotyrosine adduct formation 
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in the lungs of infected mice. When these mice were 
treated with a NOS inhibitor, pneumonitis was almost 
completely suppressed, recovery of inflammatory cells 
from bronchoalveolar lavage fluid was decreased, and 
both lung compliance and survival were improved [1].

Animal models have also demonstrated that graft-
versus-host disease (GVHD) is an important factor in 
the development of HSV pneumonitis. Allogeneic 
transplant mice with GVHD developed more severe 
pneumonitis after intranasal HSV-1 infection than did 
control mice without GVHD. The former group also 
showed an enhanced transforming growth factor-1 
(TGF-1) production, which was implicated as a more 
important factor than the pulmonary viral load [2].

24.4  Risk Factors

Several risk factors have been identified that increase 
the risk of HSV pneumonia in patients with hemato-
logic malignancies. HSV pneumonia is generally a 
result of reactivation of a latent HSV infection [42, 50, 
56, 68]. Several triggers, such as stress, corticosteroid 
administration, and immunosuppression, may cause 
reactivation of the virus [22]. HSV affects squamous 
epithelial cells, and factors promoting squamous meta-
plasia such as smoking, trauma, burns, and tracheal 
trauma from intubation may predispose a patient to 
develop HSV pneumonia [27, 51, 52, 56, 60]. 
Intubation of a patient with oral herpes can trigger 
reactivation or cause a lower respiratory tract infection 
through direct inoculation or aspiration [8, 56]. Thus, 
intubated patients who fail to be weaned off the venti-
lator should be evaluated for HSV pneumonia, as it is 
an often under-recognized cause of nonbacterial pneu-
monia [46].

Patients with hematologic malignancies who are 
undergoing aggressive chemotherapy and treatment 
with corticosteroids are at increased risk of HSV, as 
impairment of cellular immunity is a risk factor for 
HSV infections and reactivations [57]. Persistent and 
severe T-cell depletion is seen after aggressive chemo-
therapy and after administration of monoclonal anti-
bodies (e.g., anti-CD52 antibody, alemtuzumab)  
[32, 55] and has been identified as a predictor for HSV 
infections [15, 17, 64].

HSCT patients are at greater risk of developing 
HSV infections, as chemotherapy and radiotherapy 

used before HSCT may damage the normal upper 
respiratory mucosa and predispose the patient to direct 
spread of the virus to the lower respiratory tract [56]. 
These agents may also trigger reactivation of the virus 
[34]. The use of cyclophosphamide, busulfan, carmus-
tine, and total body irradiation in conditioning regi-
mens has been seen in patients with HSV pneumonia 
[24, 46]. HSV reactivation occurs most commonly in 
the first month after HSCT; however, late-onset HSV-
associated pneumonia has also been reported [35].

Additionally, patients with hematologic malignan-
cies are often neutropenic [absolute neutrophil count 
(ANC) <500/mL] secondary to the chemotherapy. 
Neutropenia has also been observed in patients with 
hematologic malignancies who have HSV pneumonia 
[56]. GVHD as a risk factor for HSV disease in HSCT 
patients and severity of GVHD as a predictor of nonre-
sponsiveness to antiviral therapy has also been reported 
[16]. In some studies, the immunosuppressive effect of 
multiple blood transfusions has also been implicated in 
the development of HSV pneumonia [64]. Patients 
undergoing solid organ transplant (SOT) are at risk of 
developing HSV pneumonia. The incidence of HSV 
pneumonia in SOT patients is about 5%, while mortal-
ity of up to 100% has been reported, especially in liver 
transplant recipients [4, 31, 39].

24.5  Clinical Features

24.5.1  Clinical Manifestations

The clinical manifestations of HSV pneumonia are 
nonspecific [3, 18, 40, 56]. In HSCT patients, symp-
tomatic disease occurs 2–3 weeks after transplant 
when mucosal damage is maximal from radiotherapy 
and chemotherapy [23]. HSV infections can manifest 
with nonrespiratory symptoms before showing signs 
of pulmonary involvement [23, 54]. Nonrespiratory 
manifestations of HSV reactivation infrequently 
include oral mucocutaneous lesions. Esophagitis and 
rarely, genital lesions may also precede lower respira-
tory involvement [54, 56]. Respiratory symptoms of 
HSV pneumonia include low-grade fever, cough, dys-
pnea, rales, hypoxemia, tachypnea, intractable wheez-
ing, or chest pain [56]. Hemoptysis may also be 
present, secondary to tracheitis [63].



30524 Herpes Simplex Virus Pneumonia in Patients with Hematologic Malignancies

Patients with HSV pneumonia may typically either 
demonstrate worsening respiratory status that is unre-
sponsive to prolonged antibacterial treatment and may 
require intubation or patients may already be intubated, 
and may worsen and fail to wean off the ventilator. 
Persistent low-grade fevers and unimpressive infiltrates 
on imaging with leukocytosis would indicate a nonbacte-
rial cause. Interstitial lung involvement in HSV pneumo-
nia is characterized by worsening oxygenation [evident 
from low pO

2
 with a high fraction of inspired oxygen 

(FiO
2
)], decrease in diffusing capacity of the lung for car-

bon monoxide (DLCO), and an increase in alveolar-arte-
rial (A-a) gradient over 30 [18]. HSV pneumonia is often 
complicated by acute respiratory distress syndrome 
(ARDS) and respiratory failure, and mechanical ventila-
tion is often needed, especially in untreated patients [56].

24.5.2  Coinfections

Pulmonary coinfections may often be present and may 
complicate the diagnosis of patients with HSV pneu-
monia. Up to 65% of the patients with HSV pneumo-
nia may have copathogens, such as CMV, Candida, 
Aspergillus, Pneumocystis jirovecii, mycobacterium 
avium intracellulare (MAI), and other bacteria [3, 40, 
56]. Patients are often treated preemptively for bacte-
rial pneumonia before diagnosis of HSV has been con-
firmed, which may lead to a delay in initiation of 
HSV-specific treatment.

24.5.3  Differential Diagnosis

In an immunocompromised host, the most common 
infectious cause of pneumonia is bacterial, which 
presents with acute deterioration and significant 
hypoxemia. Subacute presentation suggests involve-
ment of atypical bacterial, viral, or fungal organisms, 
while chronic presentation suggests fungal or myco-
bacterial infection. Pneumocystis jirovecii, CMV, 
respiratory syncytial virus, and influenza pneumonia 
are the most important organisms in the differential 
diagnosis of diffuse bilateral infiltrates, accompanied 
by significant oxygen defect (A-a gradient >30) [18]. 
Noninfectious causes may include drug toxicity, pul-
monary hemorrhage, GVHD, and heart failure.

24.6  Diagnosis

HSV pneumonia should be suspected in immunocom-
promised patients who are not on acyclovir prophy-
laxis, who are intubated with worsening oxygenation, 
and who have not been weaned off a ventilator despite 
aggressive management [18, 23, 54].

There are no standardized diagnostic criteria for 
HSV pneumonia. The definitive diagnosis of HSV 
pneumonia can be made by isolating the virus from 
respiratory secretions, bronchoalveolar lavage sam-
ples, and lung tissue and by demonstrating viral cyto-
pathic effects on histopathology [18, 42, 56].

24.6.1  Virus Isolation

Shell-vial culture for virus isolation and demonstration 
of cytopathic effects are methods commonly used to 
diagnose HSV. The sensitivity of these methods has 
been reported to be 57%, with a specificity of 100% 
[10]. The shell-vial culture yields results in 48 h [62].

Rapid antigen detection by direct immunofluores-
cence is also often employed for early detection of 
HSV, with sensitivity and specificity of about 80% and 
100%, respectively [10].

24.6.2  Gene Amplification

Polymerase chain reaction (PCR) for HSV DNA is 
more rapid and more sensitive than conventional cul-
ture, shell-vial culture, and antigen-detection meth-
ods [61]. However, PCR is unable to distinguish 
between active disease and contamination from oral 
cavity [61].

Serology is useful for identifying patients with 
seropositive HSV before induction chemotherapy or 
before HSCT [62]. Detection of immunoglobulin 
M (IgM) antibody and demonstration of an increase in 
immunoglobulin G (IgG) titers can be useful in patients 
with an active infection [59]. However, it takes several 
weeks to mount a significant antibody response and 
depends on a functioning immune system. Thus, serol-
ogy is less useful with HSV pneumonia when a 
rapid diagnosis is necessary [30, 59]. Additionally, a 
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fourfold increase in titers is helpful for diagnosing pri-
mary HSV infection; however, such an increase may 
not be observed in recurrent infections [30].

24.6.3  Lung Biopsy/Cytology

Nonspecific fibroproliferative pattern and tissue necro-
sis are demonstrated on lung biopsy in patients with 
HSV pneumonia [23]. However, lung biopsy is rarely 
performed in patients with cancer because of increased 
complications, inconsistent diagnosis, and question-
able reliability [56, 64]. A few scattered ulcers in the 
trachea or a severe ulcerative process resulting in an 
obstructed and inflamed tracheobronchial membrane 
may be evident on direct examination [27].

Parenchymal involvement begins in lungs, adjacent 
to the terminal and respiratory bronchioles, but may 
extend throughout the lobule [33, 56]. Diffuse alveolar 
damage comprising interstitial lymphocyte infiltration, 
air space hemorrhage, intraalveolar fibrinous exudate, 
edema, fibroblast proliferation, type 2 hyperplasia, and 
hyaline membrane formation is often evident [33, 56].

Cytology demonstrates multinucleated giant cells 
with enlarged, molded, basophilic nuclei of ground-
glass appearance or cells with large intranuclear 
eosinophilic inclusions (“owl-eyes”-Cowdry type A 
inclusion bodies) in the alveolar or bronchial cells and 
macrophages obtained in washings or biopsies [56].

24.6.4  Radiology

Radiologic changes in HSV pneumonia are often non-
specific [3, 6, 36, 65]. These changes are similar to 
those seen in other viral pneumonias and are not differ-
ent from those seen in immunocompetent patients [65].

Chest x-ray may be near normal early in the disease 
[18]. In advanced disease, however, focal, multifocal, 
or diffuse bilateral opacities with predominantly mixed 
(partly airspace consolidation and partly interstitial) or 
airspace consolidation is often seen [18, 65]. Less fre-
quently seen are unilateral consolidation, large atelecta-
sis, and pleural effusion [56, 65].

High-resolution computed tomography (CT) scans 
are used for better delineation of the disease process 
[25]. HSV-1 shows multifocal, subsegmental, and 
ground-glass attenuation with consolidation, reticular, 
and nodular opacities; HSV-2 demonstrates diffuse 

alveolar damage, small centrilobular nodules, and 
interstitial pneumonia [6, 25]. Large nodules and pleu-
ral effusions are also seen [6, 25].

24.7  Management

24.7.1  Treatment

Acyclovir is the most widely used and effective therapy 
for HSV pneumonia [11, 68]. However, empiric therapy 
based on suspicion of HSV pneumonia has not been rec-
ommended [18]. HSV-specific treatment of pneumonia 
has been reported to prevent progression to respiratory 
failure and mortality in patients with hematologic malig-
nancies and in HSCT patients [23, 25, 35]. Improvement 
in oxygenation status can be seen in 3–5 days, and 
patients may be able to be weaned off the ventilator 
[18]. However, treatment has showed no significant 
effect on mortality, duration of mechanical ventilation, 
length of intensive care unit (ICU) stay, or length of hos-
pitalization in a group of immunocompromised patients 
(patients with lymphoma, with solid-organ transplants, 
or with AIDS or systemic lupus erythematosus [SLE]) 
as compared to immunocompetent patients [60].

HSV is susceptible to acyclovir, valacyclovir, fam-
ciclovir, foscarnet, cidofovir, and, to a lesser extent, 
ganciclovir [37]. Table 24.2 shows the mechanisms of 
action, recommended dosages, and mechanisms of 
resistance for these drugs.

Foscarnet is used to treat acyclovir-resistant strains. 
However, strains resistant to foscarnet and acyclovir are 
now being reported [7]. Cidofovir is the only drug used 
to treat double-resistant HSV [42], although use of cido-
fovir is associated with significant renal  toxicity [7].

A significant proportion of patients with HSV pneu-
monia may have concomitant bacterial pneumonia  
[3, 40, 56]. Thus, empirical broad-spectrum antibiotic 
therapy that includes an anti-staphylococcal drug can 
be used in patients with progressive HSV pneumonia 
who are unresponsive to antiviral therapy.

24.7.2  Prophylaxis

HSV pneumonia accounted for 9% of pneumonias in 
HSCT patients, prior to acyclovir prophylaxis [56]. 
Prophylaxis of HSV infection has led to decreased 
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prevalence of HSV pneumonia (less than 2% of HSCT 
recipients) [9, 41, 49].

Antiviral drug prophylaxis is not recommended in 
HSV-seronegative leukemic patients during chemo-
therapy or after SCT, since primary HSV infection in 
these patients is unusual [62]. In HSV-seropositive 
patients, antiviral drug prophylaxis has been shown to 
prevent the development of active HSV disease and to 
reduce mortality rates [29, 69].

Antiviral drug prophylaxis is part of the standard 
management at many cancer centers for patients with 
hematologic malignancies undergoing chemotherapy 
or for patients undergoing HSCT [62, 63, 67, 69]. 
Acyclovir has been the most common antiviral drug 
used [28]. However, newer antivirals such as valaciclo-
vir and famciclovir are also active against HSV and 
have an oral bioavailability three to five times superior 
to that of oral acyclovir [53, 62]. Both of these agents 
are used to prevent HSV reactivation during induction 
chemotherapy for leukemia or after HSCT [49]. 
Prophylaxis should be given for 3–5 weeks, after the 
start of chemotherapy or during the pre-engraftment 
stage in the first month after HSCT [58, 62, 63, 67]. 
Children, allogeneic HSCT patients who develop 
GVHD, or patients who require immunosuppressant 
treatment should receive prolonged prophylaxis [62].

24.7.3  Resistance to Antivirals

Long-term prophylaxis with acyclovir in HSCT 
patients appears to prevent the emergence of drug-
resistant HSV disease [21]. However, several centers 
have reported increased incidence of acyclovir-resis-
tant HSV disease, especially in patients who have 
undergone unrelated HSCT or HLA-mismatched 
transplant patients with GVHD [16, 40]. Acyclovir 
resistance is associated with serious morbidity and 
mortality [7, 16]. Poor response to acyclovir indicates 
possible resistance, and the patient should be promptly 
switched to foscarnet or cidofovir [7, 16].

Activation of acyclovir, ganciclovir, valacyclovir, 
or famciclovir requires initial phosphorylation by viral 
thymidine kinase (TK) [37]. Resistance to acyclovir 
can be caused by lack of TK, altered TK, or TK strains 
with mutations in viral DNA polymerase [37]. 
TK-negative mutants may cause severe disease in 
infants and immunocompromised adults [37]. Cross-
resistance between acyclovir and foscarnet results 
from their interaction at the same site on HSV DNA 

polymerase; however, susceptibility to cidofovir is 
unaffected by the same viral mutation [26].

24.7.4  Vaccine

There is no licensed effective vaccine for HSV [37].

24.8  Outcome

Patients with HSV pneumonia can require mechani-
cal ventilation and prolonged hospitalization [64]. 
Mortality in immunocompetent patients has been 
reported to be about 27% [54]. However, patients 
with hematologic malignancies and HSCT patients 
may have high mortality rates (up to 75–100%), if 
left untreated [46, 56]. Patients with solid tumors 
and patients with solid-organ transplants have mor-
tality rates that range from 20% to 100%, with a 
higher percentage of mortality after liver transplants 
[3, 4, 31].

Severe respiratory distress necessitating mechani-
cal ventilation or worsening respiratory status on a 
ventilator is often seen in untreated patients with HSV 
pneumonia, and ARDS or respiratory failure may 
occur without treatment [54, 56, 64]. Damage to lung 
function has not been reported in patients that recover 
from the infection.

24.9  Prognosis

The prognosis of patients with HSV pneumonia 
depends on the immunologic status of the patient and 
the type of underlying disease [27]. In immunocompe-
tent hosts, HSV pneumonia is not necessarily a fatal 
disease [48]. In immunocompromised patients, how-
ever, HSV pneumonia can lead to respiratory failure 
and the need for mechanical ventilation or failure to 
wean off the ventilator and subsequent mortality  
[18, 24, 25, 27, 40, 56].

Although rare, HSV pneumonia should be consid-
ered in neutropenic hematologic patients undergoing 
chemotherapy with “suggestive” radiologic findings 
who have not improved after conventional antibacterial 
and/or antifungal treatments [18, 24, 25, 27, 40, 56].
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25.1  Introduction

Pneumocystis pneumonia (PCP) remains one of the 
leading causes of morbidity and mortality among AIDS 
patients all over the world [1–3]. However, PCP is also 
a life-threatening opportunistic infection that can occur 
in other immunocompromised patients, mainly in solid 
organ transplant recipients, patients with cancer dis-
ease, hematological malignancy and those treated for 
autoimmune or inflammatory diseases [1–3].

PCP is caused by Pneumocystis jirovecii, a patho-
gen first identified in the early twentieth century by 
Chagas and subsequently by Carinii in rat lungs. These 
authors believed wrongly that they had found a new 
form of trypanosome. However, several years later, it 
was established that it was an original species, called 
Pneumocystis carinii. For many decades, pneumocys-
tis was classified as a protozoan, until new phyloge-
netic studies demonstrated that it was related to the 
fungi [4]. Pneumocystis organisms have been identi-
fied in several mammalians, but in fact, different pneu-
mocystis species with distinct genetic characteristics 
exist, with each species being host-specific. Thus, the 
pneumocystis infecting humans was named 
Pneumocystis jirovecii [3].
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Over the last years, advances in hematological treat-
ments (including new drugs, high dose and intensive 
chemotherapy with bone marrow or stem cell trans-
plantation) and immunomodulation resulted in an 
increased number of patients with impaired immunity 
and risk for PCP. This review focuses on practical 
aspects relevant to risk factors, diagnosis and treatment 
of PCP, in order to provide to clinicians an actual clini-
cal picture of PCP in non-AIDS patients.

25.2  Transmission

PCP was long thought to result from reactivation of 
latent infection acquired during childhood. This the-
ory was supported by the seroprevalence of anti-
Pneumocystis antibodies at a young age, the high rate 
of PCP among infants with AIDS, the presence of 
Pneumocystis jirovecii in respiratory specimens from 
patients without immunosuppression and without 
clinical signs of PCP, and by the characteristics of the 
organism itself, consistent with long-term carriage 
[5]. However, several lines of evidence subsequently 
ruled out the possibility of reactivation of latent infec-
tion as the sole mechanism for PCP and found that 
infection more likely results from environmental 
exposure or person-to-person transmission [5–7]. In 
this way, it was shown that Pneumocystis DNA was 
present in the environment, including pond water and 
various air samples, and that PCP incidence was 
increased in certain  geographic areas. Additional data 
suggest that Pneumocystis jirovecii acquisition could 
result in a number of cases from airborne transmission 
from asymptomatic carriers or from patients with PCP 
[5, 6, 8]. Nevertheless, isolation of patients with PCP 
is not currently recommended or applied [5].

25.3  Patients at Risk for PCP

Several retrospective studies have led to identification 
of clinical conditions associated with the occurrence of 
PCP in HIV-negative immunocompromised patients 
(Tables 25.1 and 25.2). Fifty years ago, PCP cases were 
reported in prematurely born and malnourished infants 
[9]. Nowadays, in rich countries, patients who are the 
most likely to develop PCP are those suffering from 
hematological malignancy, solid cancer, inflammatory 
or autoimmune disease, and solid organ transplant 
recipients [10–13]. Among those treated for hemato-
logical malignancies, five group of patients are at 
higher risk for PCP [14–16], namely, (1) patients with 
lymphoproliferative disorders such as lymphoma or 
acute lymphocytic leukemia (ALL); (2) patients receiv-
ing high doses or long-term steroids; (3) recipients of 
allogeneic but also autologous bone marrow or stem 
cell transplants; (4) patients treated using anti-CD20 
[17] or anti-CD52 antibodies; and (5) patients with 
deep and prolonged lymphocytopenia after chemother-
apy, such as fludarabin. Awareness of patients at risk 
for PCP is of great importance for clinicians who have 
to identify the patients requiring prophylaxis and cases 
where diagnosis of PCP must be considered.

25.3.1  Hematological Malignancies

It has long been established that children with acute 
lymphoblastic leukemia receiving chemotherapy have a 
high risk of PCP. In a study by Hugues et al., the attack 
rate reached 4.1% in this population [18]. Subsequently, 
PCP cases were reported in almost all hematological 
malignancies [14, 15]. Although the exact incidence 

Zahar [49] Yale [20] Roblot [48] Bollée [48]

n = 39 (%) n = 116 (%) n = 130 (%) n = 56 (%)

Hematological  
malignancies

28 (71.8) 35 (30.2) 75 (57.7) 44 (78.6)

Solid tumors 7 (17.9) 15 (12.9) 18 (13.8) 9 (16.1)

Solid organ  
transplantation

0 29 (25) 9 (6.9) 0

Inflammatory diseases 0 26 (22.4) 27 (20.8) 0

Miscellaneous 4 (10.3) 11 (9.5) 1 (0.8) 3 (5.4)

Table 25.1 Underlying conditions in four series of non-AIDS patients with PCP
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rate of PCP for each group of hematological malignan-
cies is unknown, the highest incidence seems to occur 
in lymphoid leukemia and non-Hodgkin’s lymphoma, 
with attack rates being around 0.2–0.5% [11, 14]. 
Cancer patients who develop PCP have often received 
chemotherapy. However, in our experience, PCP may 
also be inaugural of the underlying disease, occurring 
before any immunosuppressive therapy [16].

Patients undergoing autologous or especially allo-
geneic hematopoietic stem cell transplantation (HSCT) 
are also likely to develop PCP. Although older studies 
showed that PCP occurred in most cases within the 
first 6 months after allogeneic HSCT, this notion was 
ruled out by more recent reports. In a recent retrospec-
tive study, PCP occurred at a median of 14.5 months 
after allogeneic HSCT, with the attack rate being 2.5% 
[19]. Moreover, in most cases, patients were receiving 
immunosuppressive therapy for chronic graft-versus-
host disease or had a relapse of their hematological 
malignancy [19].

25.4  Immunosuppressive Drugs  
and Risk of PCP

In HIV-negative patients developing PCP, the immu-
nocompromised state is partly linked to factors related 
to the underlying disease causing specific immunosup-
pression, but is also a consequence of treatments such 
as steroids, cytotoxic drugs and other immunomodula-
tive drugs.

Regardless of the associated underlying disease, 
steroids have largely been pointed out as a major 
 predisposing factor for PCP in HIV-negative patients. 
A retrospective analysis of 116 cases of PCP in 

 HIV-negative patients showed that 90.5% were cur-
rently receiving steroids when PCP occurred. Median 
daily dose and median duration of steroids were equiv-
alent to 30 mg and 12 weeks, respectively, and 25% of 
patients had received as little as 16 mg of pred nisone 
daily [20]. However, patients not taking corticosteroids 
may also develop PCP. Indeed, in a recent retrospec-
tive study by our group of 56 HIV-negative patients 
with PCP, we observed that 24 patients (42.8%) were 
not receiving steroids when PCP occurred [16]. This is 
a crucial issue emphasizing that clinicians have to con-
sider the possibility of PCP occurrence also in patients 
not receiving corticosteroids.

Risk of PCP in cancer patients has been shown to be 
associated with the intensity of chemotherapy [18]. 
The precise role of a particular cytotoxic drug in PCP 
occurrence is often difficult to establish due to the 
association of several drugs in most patients. Certain 
drugs, such as fludarabine, cladribine, cyclophosph-
amide or methotrexate, have been suspected to be 
associated with a particularly high risk of PCP; how-
ever, these data remain elusive [1, 2, 21, 22].

Among immunosuppressive therapies used after 
solid organ transplantation, anti-lymphocytes antibod-
ies clearly increase the risk of PCP [23]. PCP risk 
associated with azathioprine and cyclosporine therapy 
appears low, whereas it seems higher with tacrolimus 
[24]. Uncertainties persist regarding the risk associ-
ated with mycophenolate-mofenil and sirolimus use. 
Despite ancecdotal reports, actual risk of PCP related 
to newer drugs, such as anti-TNFa or anti-CD52 anti-
bodies, has not yet been established.

25.5  CD4+ Lymphocyte Counts 
in  HIV-Negative Patients 
Developing PCP

PCP has been largely described in HIV-infected 
patients with a circulating CD4+ T lymphocyte count 
lower than 200/mm [3]. In other immunocompromised 
patients, the CD4+ count has also been shown to be 
related to the risk of PCP. PCP seems more likely to 
occur in patients with a CD4+ count lower than 300/
mm [3]. This suggests that CD4+ counts could be of 
value to detect patients at risk for PCP and determine 
those who should receive prophylaxis against PCP. 
However, the real value of CD4+ count monitoring in 

PCP cases Patients Rates (%)

Lymphomas 34 9,907 0.34

Acute lymphocytic  
leukemia

5 2,929 0.17

Other leukemia 16 5,023 0.32

Solid tumors 30 26,085 0.11

Cerebral tumors 21 3,098 0.68

Bone marrow  
transplantation

22 1,348 1.63

Table 25.2 Incidence of PCP in various types of malignancies 
(Adapted from [11])
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HIV-negative patients remains to be established. The 
total lymphocyte number should be taken into 
account.

25.6  Differences in Physiopathology 
Between Patients with and 
without AIDS

In a study by Limper et al., bronchoalveolar lavage 
(BAL) analysis of patients with PCP revealed impor-
tant differences between patients with and without 
AIDS. Compared with AIDS patients, each of the 
other immunocompromised categories (hematological 
malignancies, solid cancers, solid organs transplanta-
tions and steroids therapy) had significantly lower 
organism numbers and more inflammation, estimated 
by neutrophil count. Furthermore, inflammation in 
BAL was inversely correlated with oxygenation and 
survival [10]. These data explain, at least partly, the 
differences observed in the clinical presentation of 
PCP between patients with and without AIDS. Along 
this line, in HIV infected patients, we previously 
reported the independent relationship between BAL 
neutrophilia and severity (hypoxemia) and outcomes 
(mortality) [25]. This may in part explain how HIV-
infected patients with PCP have lower mortality rates 
compared to non-HIV patients with PCP [26].

25.7  Clinical and Radiological 
Presentation of PCP  
in HIV-Negative Patients

25.7.1  Clinical Presentation

HIV-negative patients with PCP typically present with 
fever in about 60–90% of cases, dyspnea in 75–95% 
and cough in 50–80%. Although in some cases the 
evolution is more insidious, fever and respiratory 
symptoms develop over weeks [16]. Delay from onset 
of symptoms to diagnosis is rather short, varying from 
1 to 14 days in most cases. Clinical examination com-
monly reveals tachypnea and diffuse crackles at lung 
auscultation. PaO

2
 in room air is usually strongly 

decreased, around 50–70 mmHg [14–16, 27]. Thus, 

clinical presentation is typically severe, with rapidly 
evolving bilateral lung involvement and marked hypox-
emia. By comparison with AIDS patients, PCP pres-
ents as a more acute and severe disease among HIV 
negative patients, causing acute respiratory failure and 
often need for mechanical ventilation [16, 28, 29].

25.7.2  Radiological Presentation

Radiographic features of PCP are similar in patients 
with and without AIDS [29]. Typically, bilateral or less 
frequently unilateral interstitial infiltrates are observed 
(Figs. 25.1–25.3). Rarely, chest radiography may be 
normal at an early stage. Also, atypical presentations 
may be misleading (Fig. 25.4). Only few data are 
 specific to non-AIDS patients. Findings from high- 
resolution CT scans (HRCT) are available to date. A 
pattern of extensive ground-glass attenuation, which is 
often distributed in a patchy fashion, with predilection 
for perihilar regions of the lungs, is the most common 
feature (Figs. 25.1–25.4). In addition to the infiltrates, 
atypical HRCT features, such as nodules, nodular 
components or cavities, may be seen. The presence of 
these atypical images may be related to granuloma for-
mation in response to PCP (Fig. 25.4), but are more 
often indicative of a concomitant cancer or infectious 
disease processes affecting the lungs. Conversely to 
AIDS patients, cysts related to PCP have not been 
described in HIV-negative patients with PCP.

25.8  Diagnostic Strategy

25.8.1  Respiratory Samples Collecting 
Techniques

Owing to the lack of specificity of clinical and radio-
logical presentation, diagnosis of PCP requires micro-
biological examination from a relevant sample to 
identify Pneumocystis jirovecii. Differences in organ-
ism number between patients with and without AIDS 
have to be borne in mind to address the issue of an 
adequate diagnostic procedure in non-AIDS immuno-
compromised patients.

Several procedures are available for obtaining 
respiratory samples. Induced sputum (IS), a technique 
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consisting of collection of a sputum specimen by a 
respiratory therapist after inhalation of nebulized 
saline for 20 min, has been proven to be a useful 
technique for the diagnosis of PCP. Bronchospasm 
may complicate the technique. Also, failure to collect 
this specimen in hypoxemic patients can be related 
to non-tolerance of the saline nebulization. Because 
of concerns about spreading tuberculosis during the 
procedure, this procedure is not indicated for patients 
suspected of having TB. Whereas the sensitivity of 
direct examination on IS from AIDS patients is up 

to 90% in certain centers, [4] the few available data 
concerning HIV-negative patients suggest a lower 
sensitivity of around 50% [30]. Combining a rigor-
ous technique for collecting the sputa and having it 
done by a trained mycologist clearly make it more 
sensitive. Bronchoscopy with bronchoalveolar lavage 
(BAL) represent a more efficient technique for diag-
nosing PCP [31]. Once again, the sensitivity of direct 
examination in HIV-negative patients is not well 
defined, but appears lower than in AIDS patients, 
around 60–70% [32]. The timing between antibiotic 
administration and induced sputum or BAL sampling 
is a key issue. BAL examination samples can be 
sent to several laboratories, increasing the diagnos-
tic yield. Therefore, concomitant bacterial, viral or 

Fig. 25.1 Acute respiratory failure in a chronic lymphocytic 
leukemia (CLL) patients treated by cyclophosphamide, fludara-
bine and rituximab. Observance of prophylaxis was hazardous. 
Induced sputum performed before any antibiotics revealed  
cystic forms of Pneumocystis jirovecii

a

b

Fig. 25.2 Hypoxemia in a 31-year-old ALL patient treated by 
long-term steroids. Chest X Ray (panel a) and High resolution 
CT scan (panel b) were suggestive of pneumocystis pneumonia. 
Giemsa staining on BAL fluid analysis was positive
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fungal infections can be diagnosed. However, this can 
also be done using a noninvasive diagnostic strategy 
[30]. An important limitation of the BAL procedure 
is the risk of aggravating the respiratory state and 
the need for mechanical ventilation, which are asso-
ciated with a high mortality rate [33]. Interestingly, 
a concomitant pulmonary infection due to viruses, 
especially cytomegalovirus, bacteria or fungi, is 
frequently detected by BAL in patients with PCP 
(Fig. 25.7b) [10]. However, no comparative strategy 

has demonstrated the benefit of performing BAL, 
which remains the procedure to perform when IS has 
failed to identify pneumocystis, concerning mortality 
or morbidity. Rarely, when less invasive procedures 
have failed to detect PCP, surgical lung biopsy should 
be considered [14]. However, the use of polymerase 
chain reaction (PCR) has made surgical biopsy no 
longer indicated for PCP patients.

25.8.2  Laboratory Diagnosis

A major obstacle to studying and detecting pneumo-
cystis is the impossibility of culturing this organism, 
despite many attempts [1, 2].

Fig. 25.4 Atypical presentation of Pneumocystis pneumonia in 
a 68-year-old patient with refractory T lymphoma receiving a 
third-line chemotherapy and anti-CD52 antibodies

a

b

Fig. 25.3 Acute respiratory failure 15 months after allogeneic stem 
cell transplantation for AML. Prophylaxis was withdrawn at 1 year. 
Chest X Ray (panel a) and High resolution CT scan (panel b) were 
suggestive of pneumocystis pneumonia. Induced sputum and BAL 
were negative for pneumocystis. A positive pneumocystis PCR 
raised concerns about the negative BAL. Re-examination (on a 
 rescue smear) of BAL revealed trophic forms of pneumocystis
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25.8.2.1  Direct Examination

At first, the detection of Pneumocystis jirovecii 
in respiratory samples depends on direct exami- 
nation, which is based on tinctorial stains and immu-
nofluorescence. Several staining methods, such as 
calcofluor white, Gomori-Grocott or toluidine blue, 
only allow detection of cysts, and also mark other 
fungi (Figs. 25.5a and 25.6) [34]. Other stains, such 
as Wright–Giemsa (Fig. 25.5b), Diff-Quik and 
Gram-Weigert, can detect both intracystic bodies 
(spores) and cysts and trophic forms, but their inter-
pretation may be difficult as they also color other 
organisms. The development of indirect 

immunofluorescence using monoclonal antibodies 
was a significant advance, providing a method that is 
rapid and more sensitive than conventional stains for 
detecting Pneumocystis jirovecii in respiratory sam-
ples (Fig. 25.7a) [35].

25.8.2.2  Polymerase Chain Reaction as a 
Significant Advance for Diagnosing PCP

The detection of Pneumocystis jirovecii in clinical 
specimens was greatly improved by the use of 

a

b

Fig. 25.5 Direct examination of BAL fluid (×1,000, panel a). 
Cluster of Pneumocystis jirovecii. Cluster of Pneumocystis 
jirovecii in BAL fluid (Giemsa staining, panel b)

a

b

Fig. 25.6 Pneumocystis jirovecii cysts in BAL fluid. TBO stain-
ing (×1,000, panel a). Pneumocystis jirovecii cysts in induced 
sputum. Musto staining (×1,000, panel b)
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polymerase chain reactions (PCR). In 1990, Wakefield 
et al. developed a new technique for DNA amplifica-
tion specific to pneumocystis using primer sequences 
for the mitochondrial 5S rRNA gene of P. carinii 
[36]. Subsequent studies highlighted the efficiency of 
this technique. Principally in AIDS patients, sensitiv-
ity was evaluated at 80–100% and 70–85% on BAL 
and IS specimens, respectively. Specificity appeared 
also excellent, around 80–100% on BAL and 90–95% 

on IS [32, 37]. However, since HIV patients have 
numerous cysts or trophic forms of pneumocystis, the 
usefulness of PCR remains controversial.

The question about the interpretation of a positive 
PCR deciding between infection and colonization is 
often raised. In a study by Sing et al., the PCR value was 
investigated in different immunocompromised groups. 
For combined BAL and IS specimens, sensitivity and 
specificity were respectively calculated to 80% and 
100% in AIDS patients, 86% and 97% in transplant 
recipients, 100% and 95% in cancer patients, and 100% 
and 98% in other immunocompromised patients [32]. 
In another study, Pneumocystis jirovecii was not 
detected by direct examination of BAL in 7 of 37 HIV-
negative immunocompromised patients with PCP, and 
PCR was the only microbiological indication of 
Pneumocystis jirovecii in these patients [37]. These data 
emphasize that routine microbiological evaluation for 
PCP must involve the use of PCR in all respiratory sam-
ples from HIV-negative immunocompromised patients. 
Nevertheless, this excessively sensitive technique may 
overestimate PCP diagnosis in patients who are only 
colonized. In an evaluation by our study group in 448 
non-HIV patients, the negative predictive value of pneu-
mocystis PCR was almost 100% [38]. This allows clini-
cians to rule out the clinical diagnosis of PCP based on 
the results of PCR, even on induced sputa and without 
performing BAL. Additional evaluation is warranted. 
This needs to include (1) actual risk factors for PCP, (2) 
the level of clinical suspicion of PCP and (3) the results 
of quantitative PCR, which seem likely to make the dif-
ference between colonization and infection.

25.8.2.3  PCR and Colonization

However, a benefit of the PCR technique is the excellent 
sensitivity allowing the detection of a very low pneumo-
cystis burden related to colonization in asympto matic 
patients. Although lung colonization by Pneumocystis 
jirovecii was also reported in immunocompetents 
patients with various bronchopulmonary diseases [39], 
immunocompromised patients appear much more likely 
to be asymptomatic pneumocystis carriers [40]. Long-
term steroid use and low CD4+ counts [41] have been 
shown to be associated with higher colonization rates. 
In a study by Leigh et al., ISs obtained in 10 immuno-
competent patients and 20 solid organ transplant recipi-
ents, all asymptomatic, were screened for Pneumocystis 
jirovecii using PCR and immunofluorescence. All 30 
specimens were negative for Pneumocystis jirovecii 

a

b

Fig. 25.7 Pneumocystis jirovecii cysts in BAL fluid (immuno-
fluorescence, panel a). Giemsa staining in induced sputum 
revealing infection by pneumocystis, Cryptococcus neoformans 
and colonization by Candida albicans (×1,000, panel b)
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using immunofluorescence, and 5 transplant patients 
but no immunocompetent patients were positive for 
Pneumocystis jirovecii  according to PCR alone. One of 
these patients developed PCP 6 weeks after sputum 
induction [42]. However, the risk of clinical PCP occur-
rence in an asymptomatic patient with colonization 
remains largely uncertain to date. Thus, PCR positivity 
alone on a respiratory sample may reflect true infection, 
but also colonization.

25.8.2.4  Real-Time Quantitative PCR

Larsen et al. developed a rapid, sensitive and quantita-
tive Touchdown-PCR (TD-PCR) assay, which consti-
tuted another significant improvement in diagnosing 
PCP and resolved, at least partly, the problem of dis-
tinction between true infection and colonization [43]. 
In a blind retrospective study of respiratory samples 
obtained in HIV-negative immunocompromised 
patients, the concentration of pneumocystis DNA mea-
sured by using quantitative TD-PCR was significantly 
higher in patients with PCP than in those with other 
respiratory disorders. Moreover, application of a cutoff 
value allowed distinguishing between infection and 
colonization. Real-time PCR has been demonstrated to 
be the best technique that avoids contamination, allows 
quantitation of the fungus copy number and can dis-
criminate between infection and colonization [44].

PCR performed on IS represents an alternative to 
BAL that may be effective and non-invasive. An oral 
wash collected after the patient gargles and rinses the 
mouth with sterile saline appears to be a highly desir-
able diagnostic specimen, as it can be obtained easily 
and quickly in a number of patients, including in those 
unable to sustain invasive procedures. Oral washes do 
not contain enough organisms to be detected by direct 
microscopic examination, but PCR may detect pneu-
mocystis DNA in such specimens. Moreover, Larsen 
et al. demonstrated that quantitative TD-PCR could be 
used for distinguishing between colonization and 
infection in oral washes, as in BAL specimens [43]. 
PCR on oral washes has also been shown to be a useful 
technique for diagnosing PCP in HIV-negative immu-
nocompromised patients. Helweg-Larsen reported 
100% sensitivity and specificity of TD-PCR on 26 oral 
washes collected in patients with hematological malig-
nancies, with 8 having PCP [45]. Thus, examination of 
oral washes by TD-PCR is a promising technique to 
diagnose PCP and should be carried out in increasing 
numbers of centers for use in the near future.

25.8.2.5  S-Adenosylmethionine Plasmatic 
Concentration Dosage

Pneumocystis is the only cell known to be unable to 
synthesize S-adenosylmethionine, a key intermediary 
metabolite for all cells. Thus, pneumocystis must 
extract this compound from its host, resulting in the 
depletion of the infected animal. It was assessed that 
plasma S-adenosylmethionine was decreased in AIDS 
patients with PCP, and rapidly increased after recov-
ery [46], suggesting that measurement of plasma 
S-adenosylmethionine could be of great value for 
diagnosing PCP. However, these promising results 
will have to be confirmed in the future before being 
put into use.

25.8.2.6  (1–3)-b-d-Glucan

(1–3)-b-d-Glucan (BG) is present in the cell wall of 
most medically important fungi (except Cryptoccoccus 
sp. and zygomycetes sp.). In pneumocystis they are 
localized to the electron-lucent band under the cell 
membrane of the cysts. Recently, colorimetric assays 
have been developed (15) to detect BG. The Fungitell 
test© (Associates of Cape Cod, Inc., Cape Cod, MA) is 
a chromogenic kinetic test (approved in 2003 by the 
US Food and Drug Administration) for the presump-
tive diagnosis of invasive fungal infections. Studies 
showed that high BG sera levels >500 pg/mL are found 
during pneumocystosis; [47] they noted that 29/30 
confirmed PCP cases were BG positive, and most of 
them were >500 pg/mL. The median value for the 
PCP-positive group was in excess of 500 pg/mL. The 
BG assay is a noninvasive serological test useful for 
the diagnosis of PCP.

25.9  Prognosis of PCP in HIV-Negative 
Patients

25.9.1  Mortality

Prognosis of PCP is clearly worse in HIV-negative 
than in AIDS patients, with the mortality rate reported 
to be around 30–40%. Mortality is even higher in 
patients requiring mechanical ventilation, reaching 
60–75% [14–16, 48].
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25.9.2  Prognostic Factors

Many factors associated with mortality in HIV-negative 
patients with PCP have been described. Unsurprisingly, 
high respiratory and pulse rates, hypoxemia, involve-
ment of four lung lobes, need for mechanical ventila-
tion or vasopressors, high C reactive protein and lactate 
dehydrogenase levels, severity scores according to the 
Simplified Acute Physiology Score II or Organ System 
Failure score, and concomitant pulmonary infection 
have been associated with higher mortality [14, 16, 27, 
48]. Receiving cancer chemotherapy [27, 49] and long-
term steroids [14, 49] is also related to the occurrence 
of death. Interestingly, high neutrophil counts in BAL 
specimens are associated with more severe hypoxemia 
and higher mortality [10, 49], which may support the 
hypothesis of a beneficial effect of adjuvant high-dose 
steroids for non-AIDS patients, as previously reported 
for AIDS patients [50, 51].

25.10  Curative Treatment of PCP

25.10.1  Antimicrobial Therapy

Medications used to treat PCP do not differ between 
patients with and without AIDS. As the most effective 
treatment, trimethoprim-sulfamethoxazole (TMP-SMX) 
given orally or intravenously for 3 weeks must be used 
as the first-line treatment unless contraindicated. TMP-
SMX acts by interfering with folate metabolism: TMP 
and SMX respectively inhibit dihydrofolate reductase 
(DHFR) and dihydropteroate synthase (DHPS), which 
are two integral enzymes of folate synthesis. Emergence 
of mutations in the DHPS gene related to prophylaxis 
use has been a concern for several years. However, 
whether these mutations confer resistance to TMP-SMX 
remains largely uncertain and controversial. Adverse 
effects, including fever, rash, cytopenia, hyperkaliemia, 
hyponatremia, hepatitis and interstitial nephritis, occur 
less commonly (around 15%) in HIV-negative com-
pared to AIDS patients [52]. The adjunction of folinic 
acid may lower the risk of neutropenia, but increases the 
risk for therapeutic failure. Due to the lack of synergy 
and the risk of occurrence of adverse effects, association 

with other antimicrobial molecules is not recommended 
for treating PCP.
In case of intolerance to TMP-SMX, pentamidine 
should be used as an alternative choice. Pentamidine 
can be administrated intravenously or by aerosol in 
mild forms of PCP. The most common adverse drug 
reaction to pentamidine is renal toxicity, which usu-
ally occurs after 2 weeks of treatment and can be pre-
vented by adequate hydration. Other adverse effects, 
including hypotension (especially in case of rapid 
infusion), heart arrhythmias, hypo- or hyperglycemia, 
hypercalcemia, hyperkaliemia, pancreatitis and 
metallic taste may also occur. Atovaquone, dapsone 
and clindamycin-primaquine represent other options 
in the treatment of mild PCP in AIDS patients. 
However, due to the lack of data, these drugs cannot 
be recommended for current use in HIV-negative 
patients with PCP.

25.10.2  Adjuvant Steroids

Steroids are recommended in AIDS patients with 
PCP who have severe hypoxemia (PaO

2
 under 

70 mmHg on room air). Indeed, adjuvant steroids 
have been shown to result in a significant survival 
improvement by reducing the risk of respiratory fail-
ure and mortality [51].

Regarding HIV-negative patients, only a few retro-
spective studies, including a small number of patients, 
have investigated the effect of adjuvant steroids. In a 
study by Delclaux et al., adjuvant steroids were not 
found to influence the mechanical ventilation require-
ments and mortality rate [53]. In another study by 
Pareja et al., adjuvant steroids were associated with a 
shorter duration of mechanical ventilation, oxygen 
therapy and stay in the ICU, without decreasing mor-
tality [54]. In our recent study of 56 HIV-negative 
patients with PCP, we observed a trend toward 
decreased mortality in patients receiving adjuvant ste-
roids (18.2% vs 42.2%, NS) [16]. Thus, a clear benefit 
from adjuvant steroids in HIV-negative patients with 
PCP has not been proved to date. However, consider-
ing the results and the limits of these studies, and on 
the basis of our personal experience, we believe that 
adjuvant steroids should be advised in HIV-negative 
patients with severe PCP.
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25.11  Prophylaxis of Pneumocystis 
pneumonia

25.11.1  Antimicrobial Drugs Available

Thirty years ago, TMP-SMX was demonstrated to be 
highly effective and well tolerated in the prevention of 
PCP among cancer patients [2, 18, 52]. Nowadays, 
TMP-SMX given orally remains the gold standard for 
PCP prophylaxis, similarly to curative treatment. 
Aerosolized pentamidine repeated every month might 
be an alternative for patients not tolerating TMP-SMX. 
Although this prophylactic regimen was demonstrated 
to be less effective than TMP-SMX, aerosolized pent-
amidine was associated with an increased risk of PCP 
and other infections, and a higher mortality in bone 
marrow transplant recipients. Dapsone is another avail-
able drug for preventing PCP. Dapsone inhibits DHPS 
as SMX. However, dapsone alone or associated with 
pyrimethamine is inferior to TMP-SMX. Moreover, 
TMP-SMX intolerance often predicts dapsone intoler-
ance. Thus, it is not recommended to replace TMP-
SMX by dapsone in case of intolerance [55]. Finally, 
atovaquone constitutes an effective and well-tolerated 
alternate choice, also in bone marrow transplant 
recipients.

25.11.2  Indications for Prophylaxis

Conversely to AIDS patients, no consensus has been 
reached concerning the indications for prophylaxis 
against PCP in HIV-negative patients. From our own 
experience and in view of the risk factors for PCP 
occurrence, we believe that patients who should receive 
prophylaxis are:

Patients with any immunological disorder, includ-•	
ing cancer, hematological disease, autoimmune or 
inflammatory disorders, who are given more than 
15 mg of prednisone daily (or the equivalent) for 
more than 4 weeks.
Patients with acute leukemia or non-Hodgkin’s lym-•	
phoma not in remission or receiving chemotherapy.
Patients undergoing allogenic HSCT; prophylaxis •	
should be maintained for at least 1 year and main-
tained in patients receiving immunosuppressive 

drugs, and in those with relapse of their hemato-
logical malignancy or with longstanding GVHD.
Patients undergoing autologous HSCT, for at least 6 •	
months; duration should be extended in patients 
receiving additional immunosuppressive drugs.
Solid organ transplant recipients should receive •	
prophylaxis for 6 months after transplantation, 
except lung transplant recipients, who should have 
lifelong prophylaxis.

TMP-SMX should be stopped during neutropenia and 
in patients receiving methotrexate. It remains unclear 
whether CD4+ monitoring should be used for detect-
ing patients who require prophylaxis. However, a 
CD4+ count lower than 300/mm [3] should lead to pre-
scribing prophylaxis, especially for patients with 
malignancies.

25.12  Conclusion

In summary, PCP is a severe opportunistic infection, 
which may complicate the course of a wide variety of 
diseases leading to immunosuppression. For clinicians 
caring for immunocompromised patients, knowledge 
of conditions associated with PCP is crucial for identi-
fying who should receive prophylaxis and suspecting 
PCP in order to implement an early, adequate diagnos-
tic and therapeutic strategy. Long-term steroid use is 
an important but not the only risk factor for PCP 
patients. In the era of more intensive treatment regi-
mens, new molecules used as cancer chemotherapy or 
immunomodulation, and extended survival of cancer 
patients suggest that clinicians need to maintain a high 
level of suspicion regarding PCP. The development of 
PCR and noninvasive methods, such as oral washes 
and b-1–3 glucan detection, constitutes important 
advances for diagnosing PCP, which should be avail-
able in an increased number of centers to allow opti-
mal management of these patients.
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Invasive pulmonary aspergillosis (IPA) is a common 
infectious complication and a major cause of severe 
morbidity and mortality in patients with hematologic 
diseases. It is the leading cause of invasive fungal 
infections in hematopoietic stem cell transplant 
(HSCT) patients, accounting for 43% of invasive fun-
gal infections [30]. Despite the availability of new 
antifungal agents, mortality rates range from 29% to 
42% [26, 36, 50]. Several factors, including the sever-
ity of immunodeficiency secondary to underlying dis-
ease and its treatment, contribute to this extremely 
poor outcome [13, 16, 48, 67]. However, timely and 
accurate diagnosis is also of crucial importance for the 
prognosis [38, 74].

Establishing a definitive diagnosis of IPA remains 
difficult, and up to 30% of cases are unrecognized ante-
mortem [17]. A substantial delay in establishing an 
early and accurate diagnosis remains a major impedi-
ment to the successful treatment of IPA. Because IPA is 
the leading cause of infectious deaths in patients with 
hematologic malignancies and has non-specific clinical 
presentation, optimized diagnostic procedures are nec-
essary. Here, we will detail the different steps of the 
diagnosis of IPA in patients with hematologic diseases, 
focusing on the contribution of new diagnostic tools.

26.1  Risk Factors for Invasive 
Aspergillosis in Hematology 
Patients

Recognition of patients at risk for invasive aspergillo-
sis (IA) is crucial to undertake early active diagnostic 
procedures.

The main defects in host defenses strongly associ-
ated with an increased risk for IPA are (1) prolonged 
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neutropenia, (2) qualitative defects in phagocyte func-
tion, and (3) deficit in cell-mediated immunity [18, 54, 
58, 59]. Absolute neutrophil count <100/mm3 and a 
duration >10 days of neutropenia are major risk fac-
tors for IPA.

Hematology patients at high risk of IPA include 
those with prolonged profound neutropenia, i.e., patients 
receiving cytotoxic chemotherapy for acute leukemia 
and patients with myelodysplastic syndrome (MSD), 
and recipients of HSCT. Patients with acute myeloid 
leukemia (AML) are more frequently affected, with a 
10% incidence during post-induction or consolidation 
neutropenia [49, 51, 54]. Among intensively treated 
non-allografted patients, those with multiple myeloma 
are also at high risk of IPA [35]. Increased susceptibility 
of these patients probably results from the high dose of 
steroids they received. Finally, ambulatory patients with 
heavily treated lymphoid malignancies have now 
emerged as a major subgroup at high risk of invasive 
aspergillosis among hematology patients [36].

Incidence distribution of IPA is bimodal among 
allogeneic HSCT recipients. Allogeneic recipients are 
at increased risk for IPA during the preengraftment 
phase, when neutropenia is the prevailing risk factor. 
However, they also experience a second, postengraft-
ment period of vulnerability coincident with the severe 
cell-mediated immunodeficiency resulting from graft-
versus-host disease (GVHD) [23, 41] and its treatment 
[23, 41].

IPA occurs in 5–15% of allogeneic HSCT, with a 
higher incidence in recipients of transplants with 
higher risks for GVHD, i.e., unrelated donor, mis-
matched transplant, and haploidentical [52]. The inci-
dence of IPA is higher than 10% in patients who benefit 
from recently discovered procedures such as cord 
blood transplantation [48]. Of note, a decline in preen-
graftment aspergillosis has been observed due in part 
to the reduction of periods of neutropenia and to better 
measures for minimizing exposure to fungal spores 
[41, 61]. Nowadays, the majority of IPA occurs after 
engraftment, and GVHD has emerged as the predomi-
nant risk factor [20, 36, 61].

The genetic host factor may modulate the individual 
risk of IA. Indeed, among allogeneic HSCT recipients 
from unrelated donors, the donor TLR4 haplotype S4 
is associated with an increased risk of invasive asper-
gillosis [7]. Mannose-binding lectin deficiency is also 
likely associated with aspergillosis [32].

26.2  Clinical Features

Invasive aspergillosis is mostly confined to the lungs, 
but sinusitis and central nervous system involvement 
can also occur [28]. In a recent multicenter study in 
France among 393 adults, IA was restricted to the 
lungs in almost 90% of the cases [36]. Fever that per-
sists despite the administration of broad-spectrum 
antibiotics is suggestive of IPA. Respiratory symptoms 
and signs may be absent in neutropenic hosts. As the 
disease progresses, symptoms appear, cough and dys-
pnea being the most common. Pleuritic chest pain and 
hemoptysis are less frequent, but suggest pulmonary 
infarction and the tendency of Aspergillus spp. to 
invade blood vessels. In patients at high risk, these 
signs and symptoms, although not specific, are sugges-
tive of IPA and drive for appropriate (active diagnos-
tic) investigations, including detailed radiological and 
mycological evaluation.

26.3  Chest Computed  
Tomography Scan

High-resolution CT scan is the gold standard imag-
ing technique in IPA [10]. It should be done early 
when the diagnosis is suspected. Single or multiple 
nodules are the most common finding in early IPA in 
neutropenic and HSCT recipients. The “halo sign,” 
which is a mass-like infiltrate surrounded by ground-
glass opacity, is considered an early and transient 
sign of IPA (Fig. 26.1a). It reflects hemorrhages or 
edema around the nodule and is a characteristic chest 
CT feature of the angioinvasive organisms. In a 
recent study reviewing 235 patients with IPA, 94% of 
them had at least one macro-nodular lesion, and 61% 
had a halo sign [22]. Other CT aspects include con-
solidations, infarct-shaped nodules, cavitation and 
air-crescent sign. The air-crescent sign, defined as a 
crescentic pocket of gas surmounting a sequestrum 
within a nodule, indicates central necrosis of a nodu-
lar lesion, and it usually occurs late in the course of 
the disease at the time of neutrophil recovery 
(Fig. 26.1b). Of note, patients with suggestive signs, 
such as halo and air-crescent signs, have a better 
prognosis [22].



32926 Diagnosis of Invasive Pulmonary Aspergillosis in Patients with Hematologic Diseases 

26.4  Laboratory Diagnosis

Clinical and radiological IPA presentation is similar to 
other mold/dimorphic (zygomycosis or endemic myco-
sis) and bacterial infections (tuberculosis, Pseudomonas 
aeruginosa). Therefore, microbiological diagnosis is 
of primary importance. If noninvasive tests are nega-
tive, bronchoscopy with bronchoalveolar lavage (BAL) 
or CT-guided needle biopsy should be performed when 
possible [33].

26.4.1  Mycological Microscopy  
and Culture

Respiratory specimens, including sputum, fluid 
obtained by endotracheal aspiration or BAL, as well as 
lung biopsies, i.e., CT-guided lung biopsy and open-
lung biopsy, should be obtained for microscopy and 
fungal culture.

 26.4.1.1 Direct Microscopy

Direct microscopic examination has to be performed 
for all clinical respiratory samples and biopsies. 
Several procedures are currently being used by 

mycology laboratories. They include (1) wet mount 
examination of the sample after addition of chlorazol 
black, a chitin stain that aids in the visualization of the 
hyphal elements, and (2) staining with Grocott-Gomori 
silver and Giemsa stain of the microscope slides pre-
pared from touch preparation of the biopsy specimen, 
or from cytospin of fluid samples. Fluorescent dyes, 
such as Calcofluor® white, which selectively binds 
polysaccharides within fungal cell walls, improve 
direct examination of the specimens. Aspergillus spp. 
typically appears as slender, septate hyphae that 
exhibit angular dichotomous branching. Sensitivity of 
direct microscopy is approximately 30% for sputum 
samples, 50% for BAL fluid, 70% for CT-guided lung 
biopsy, and 90% for open-lung biopsy [29, 74]. 
Detection of fungal elements can provide a presump-
tive diagnosis in less than 1 h; its diagnostic value 
depends of the origin of the sample. Visualization of 
fungal elements morphologically compatible with 
Aspergillus spp. in a lung biopsy allows definite diag-
nosis of invasive fungal infection (IFI), but does not 
prove IPA. In BAL samples, their presence has a 
higher predictive value for the diagnosis than in spu-
tum samples. In a recent multicenter study in France, 
direct examination was performed in 325/393 (83%) 
patients with the lowest rate in the acute leukemia 
group (95/135 = 70%). The global yield of direct 
examination was 56% (182/325), with a significantly 
lower rate in the allo-HSCT group [36].

a b

Fig. 26.1 CT scan appearance of invasive pulmonary aspergil-
losis in a 35-year-old patient undergoing chemotherapy for acute 
myeloid leukemia secondary to myelodysplasia. (a) Peripheral 

nodular consolidation and halo sign (arrow). (b) Ten-day evolu-
tion after recovery from neutropenia, showing cavitation with 
air crescent sign
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 26.4.1.2 Fungal Culture

Isolation of Aspergillus strain by culture of fluid and 
tissue specimens is essential in IPA because it (1) con-
firms microscopic findings and the diagnostic of IPA, 
(2) allows an accurate identification of Aspergillus 
species and testing of the antifungal susceptibility of 
the strain. Cultures are best performed on Sabouraud 
dextrose agar with the addition of antibiotic agents at 
both 30°C and 35°C. The growth is visible after 
between 48 h to several days, depending on the fungal 
load in the analyzed specimen and on the Aspergillus 
species involved. In a recent multicenter study, sam-
ples processed for mycological culture were available 
in 324/393 (82%) patients. When performed, culture 
was positive for 76% (245/324), from 53% (50/95) for 
acute leukemia and 68% (45/66) for AlloHSCT to 
>86% for the other groups [36].

 26.4.1.3 Identification of Aspergillus spp.

The choice of appropriate antifungal therapy is 
strongly influenced by the inherent resistance pheno-
type of each Aspergillus species, and correct identifi-
cation is therefore of paramount clinical importance 
[46, 75]. Current identification of the species of 
Aspergillus is based on macroscopic and microscopic 
morphological characteristics, such as color, shape, 
ornamentation, and recognition of asexual or sexual 
stages. Sometimes conventional phenotypic methods 
are not sufficient to provide accurate identification, 
and molecular identification is used as second-line for 
species identification.

Aspergillus fumigatus is the leading etiological 
agent of IPA followed by Aspergillus flavus, Aspergillus 
niger, Aspergillus terreus, and Aspergillus nidulans 
[75]. When positive (245/324 – 75.6%), cultures 
mainly yielded A. fumigatus (84%) in a recent French 
study [36].

For these common species, a conventional approach 
routinely provides an adequate level of identification. 
For the new species of Aspergillus spp. recently 
reported as responsible for cases of IPA, such as 
Aspergillus lentulus, Neosartorya fischeri [34], N. 
pseudofischeri [66], N. hiratsukae [24], N. udagawae 
[72], A. insuetus [21], A. calidoustus [55, 70], or A. 
niveus [3], phenotypic methods do not allow a correct 

identification, and the use of molecular identification 
is strongly recommended to obtain accurate species 
identification.

Molecular identification of Aspergillus species is 
based on the partial sequencing of genes coding for 
beta-tubulin, calmodulin, or actin [5]. This approach 
has been included in recent guidelines [46, 76].

 26.4.1.4 Antifungal Susceptibility Testing

Antifungal drug resistance of some Aspergillus spp. is 
now well established [53, 62, 68, 71]. Some of the 
newly described species responsible for IPA have 
decreased susceptibility to antifungal drugs. Therefore, 
the determination of the in vitro susceptibility of the 
strains is necessary. However, there is no formal rec-
ommendation for the method to use.

26.4.2  Histopathology

Different patterns of tissue injury can be observed in the 
lung tissues of hematology patients with IPA. In patients 
with profound neutropenia, but also in HSCT recipi-
ents, histopathologic patterns are characterized by 
angioinvasion, defined by the presence of hyphal struc-
ture within the wall or lumen of arteries or veins, and 
intra-alveolar hemorrhage. In non-neutropenic patients, 
histopathologic patterns characterized by inflammatory 
necrosis and granulomas are more prevalent [64].

26.4.3  Detection of Circulating  
Surrogate Markers

Biologic markers, including fungal antigens or DNA 
released by the Aspergillus hyphae during growth in 
host tissues, are used as early indicators of disease. 
Their diagnostic value has been evaluated in adult and 
pediatric hematological patients. Standardized assays 
allowing detection of galactomannan and b-1–3-d-
glucan antigens are now included in the EORTC/MSG 
criteria for the diagnosis of IA [15]. As of today, 
molecular methods for detection of Aspergillus DNA 
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in clinical specimens are not included, because the 
techniques have not been standardized yet.

26.4.3.1  Detection of Galactomannan Antigen

Galactomannan (GM) is a polysaccharide cell wall 
component of Aspergillus species released in blood 
by fungal hyphae during growth in tissues in IA. 
The commercially available sandwich enzyme-
linked immunosorbent assay (ELISA) (Platelia® 
Aspergillus, BioRad, Marnes-La-coquette, France) 
detects approximately 1 ng/mL GM [69]. GM detec-
tion can be performed in different biologic speci-
mens, including serum, BAL fluids, CSF, and urine. 
However, the assay has only been formally evalu-
ated in BAL and serum.

 Serum Aspergillus GM Detection

The usefulness of the GM detection for diagnosis of IA 
has been clearly demonstrated both in adult and pedi-
atric patients with hematologic disorders [39, 63]. The 
threshold for positivity when the assay is performed in 
serum is an index of >0.5 [40]. Screening for circulat-
ing GM twice weekly during high-risk susceptibility 
periods in hematology patients (patients with pro-
longed neutropenia after chemotherapy or HSCT, and 
patients receiving high doses of corticosteroid) reduces 
the time to diagnosis of IPA [9, 39]. Sensitivity, speci-
ficity, and positive and negative predictive values of 
GM for IA were 88.2%, 95.8%, 75%, and 98.3 %, 
respectively, in high-risk adult hematology patients 
[65]. However, the reported predictive values of the 
GM detection have been highly variable, depending on 
the population, i.e., pediatric or adult, non-neutropenic 
hematology patients, and prevalence of IA related to 
the type of hematology disorders in the tested patients 
[12, 43]. In the recent French study, galactomannan 
tests were more often positive (>68%) for acute leuke-
mia and AlloHSCT than for the others (<42%) [36].

 Major Causes of Variable Test Performances

High Variations of GM Levels in Serum Conditions  

The Aspergillus species involved and the neutrophil 
counts modify the serum GM levels and therefore the 

performance of GM detection for IPA [12, 25]. GM 
levels have been reported to be lower in non-neutro-
penic hematology patients than in patients with pro-
found neutropenia (<100 PMN/mm3) [12]. Higher GM 
levels in neutropenic patients could reflect a higher 
Aspergillus burden because of more extensive lesions. 
Indeed, in an autopsy study, histological patterns were 
different between non-neutropenic HSCT recipients 
and neutropenic patients, the latter having a higher 
Aspergillus burden and more angio-invasive lesions 
but less inflammation [11]. Last, GM levels may be 
higher in patients with angioinvasive aspergillosis than 
in those with airway IA [27].

False-Positive Detection

Several causes of false-positivity of the GM Platelia 
ELISA have been reported, including cross reactivity 
with several non-Aspergillus molds [14], presence of 
GM-like material in fluids for intravenous hydratation, 
such as plasmalyte, solutions for parenteral nutrition, 
or some antibiotic agents, such as piperacillin/tazobac-
tam [4, 73] and more recently saccharose containing 
therapeutic immunoglobulins [8]. In addition, high 
rates of false positivity have also been reported in allo-
geneic HSCT recipients during the first 100 days after 
transplantation or in those with gastrointestinal GVHD 
[1, 2]. Passage of dietary GM through injured mucosa 
is the favored hypothesis of false positivity in these 
patients.

 GM as a Marker of Aspergillosis Outcome

The outcome of patients with IA appears strongly 
correlated with the serum GM index. Indeed, persis-
tent GM index positivity is associated with failure 
and death, whereas normalization of the GM index is 
associated with survival in neutropenic patients and 
in non-neutropenic onco-hematology adult patients 
[47, 77].

 BAL Aspergillus GM Detection

GM assay performed in BAL fluids is a valuable 
adjunctive diagnostic tool to other conventional micro-
biological tests, i.e., mycological examination and cul-
ture [19, 56]. A recent study in neutropenic and 
non-neutropenic hematology patients found that BAL 
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GM testing performed better than conventional meth-
ods for the microbiological diagnosis of IA in hema-
tology patients when an index cutoff of >1 was used 
[37]. GM detection in BAL had a sensitivity of 57.6% 
(95% CI, 40.8–72.8%) and a specificity of 95.6% (95% 
CI, 87.8–98.5%) in a recent study performed in St. 
Louis Hospital in Paris [6].

26.4.3.2  Detection of Beta-1-3-D-Glucan 
Antigen

Beta-1-3-d-glucan antigen (BG) is a fungal cell wall 
component circulating in the blood of patients with 
invasive fungal infections (IFI), i.e., IA, invasive can-
didiasis, Pneumocystis pneumonia, and other invasive 
fungal diseases. However, its detection does not dif-
ferentiate among the various fungal etiologic agents. 
The assay has been recently included in the EORTC/
MSG criteria for the diagnosis of IFI [15]. Two com-
mercial kits are available (Fungitec G-test® and 
Fungitell®). Several causes of false-positivity have 
been reported, including intravenous immunoglobu-
lin or albumin use, and hemodialysis with cellulose 
membrane [31]. False-positive results have also been 
reported in bacteremic patients and in those treated 
with fungus-derived antibiotics such as amoxicillin–
clavulanic acid [44, 45, 57]. Therefore, the BG assay 
must be used and interpreted cautiously in such 
patients. Although a recent study has reported the 
usefulness of BG monitoring for early diagnosis of 
IFI in patients with acute leukemia, studies in larger 
groups of hematology patients are still needed to 
define the place of this test in the diagnosis strategy of 
IPA [60].

 26.4.3.3 DNA Detection by PCR

Screening for circulating DNA of Aspergillus spp. by 
PCR has shown potential in the definitive diagnosis 
of IA [42]. However, a major concern is the lack of 
standardization of the PCR procedures. Marked dif-
ferences are observed between studies in the type of 
the samples tested (whole blood vs serum), the vol-
ume of sample to analyze (large vs small), the DNA 
extraction procedures, and the targets used for ampli-
fication. Currently, no consensus has been reached 

about an optimal methodology [76]. Nevertheless, 
DNA detection should be quickly validated. Indeed, 
it appeared from the result of a recent large meta-
analysis that a single PCR-negative result is  sufficient 
to exclude a diagnosis of proven or probable IA [42]. 
In addition, the excellent performances of weekly 
PCR screening of circulating DNA on large serum 
volumes in high-risk patients with hematological 
malignancies have also been clearly demonstrated 
[65].

The European Organization for Research and 
Treatment of Cancer/Mycosis study group (EORTC/
MSG) has published criteria to define possible, proba-
ble, and proven fungal infections [15]. Criteria for IPA, 
which are summarized in Tables 26.1 and 26.2, can 
help to undertake active diagnostic procedures in 
patients with a high suspicion index.

Diagnosing IPA relys on the association of compat-
ible host factors and clinical presentation combined 
with non-invasive diagnostic tests. Whereas galacto-
manann antigen use is well established, b-d-glucan 
suffers from a lack of specificity and PCR from a lack 
of standardization. When these tests cannot lead to a 
diagnosis of probable aspergillosis, invasive proce-
dures such as BAL and/or CT-guided needle biopsy 
should be undertaken to confirm diagnosis, even 
though those patients are often cytopenic. However, 
diagnostic procedures should not delay antifungal 
treatment as soon as IPA is suspected.

IPA Criteria

Proven Histopathologic, cytopathologic, or 
direct microscopic examination of a 
specimen obtained by needle 
aspiration or biopsy in which hyphae 
forms are seen accompanied by 
evidence of associated tissue damage

Isolation of Aspergillus strain by 
culture of a specimen obtained by 
needle aspiration or biopsy, excluding 
bronchoalveolar lavage fluid

Probable A host factor, a clinical criterion, and 
a mycological criteriona

Possible A host factor and a clinical criteriona

Table 26.1 Criteria required for proven, probable, or possible 
invasive pulmonary aspergillosis (Adapted from [15])

aSee Table 26.2
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27.1  Introduction

Invasive fungal disease (IFD) represents a major 
complication in patients with cancer, especially 
patients with hematological malignancies, and 
hematopoietic stem cell transplant (HCT) recipients 
[69]. While Aspergillus species remain the most fre-
quent agent of IFD, other fungi have emerged, 
including Fusarium spp., Zygomycetes, the agents 
of phaeohyphomycosis [37, 63], and non-fumigatus 
Aspergillus spp. [31].

The term emerging infection (Table 27.1) may be 
used to denote an infection that has newly appeared 
in the population, is rapidly increasing in incidence 
or geographic range, a new clinical presentation of 
an infection caused by a known pathogen or even a 
new antifungal susceptibility pattern of a known 
pathogen [43]. These infections are a major chal-
lenge for clinicians because they frequently carry a 
poor prognosis as a consequence of various factors: 
clinicians may not be aware of that clinical presen-
tation or the new pathogen, and this may result in a 
delay in establishing the diagnosis; a good labora-
tory is mandatory to appropriately identify the agent 
and to perform antifungal susceptibility tests; the 
emerging pathogens are usually resistant to various 
antifungal drugs; and these emerging infections are 
more likely to occur in severely immunosuppressed 
patients. In this chapter we will discuss the epidemi-
ology, clinical presentation, radiology, diagnostic 
tools and treatment options for pulmonary infec-
tions caused by these emerging fungal pathogens in 
patients with hematological diseases. The following 
agents will be discussed: non-fumigatus Aspergillus, 
Fusarium spp., Zygomycetes, and the agents of 
phaeohyphomycosis.
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27.2  The Host

Host factors are probably the most important determinants 
of the emergence of fungal infections caused by unusual 
pathogens. These emerging fungi are usually nonpatho-
genic in the normal host (and even in less severely immu-
nosuppressed patients), but emerge in patients with severe 
immunosuppression. Immunocompromised patients at 
high risk for IFD are those with prolonged neutropenia 
and/or severe T-cell immunodeficiency.

Several chemotherapeutic agents impair T-cell 
defenses and hence may increase the risk of IFD. These 
include the purine analogs fludarabine, cladribine and 
deoxycorfomycin, and monoclonal antibodies alemtu-
zumab, infliximab and daclizumab [1, 8, 22, 23, 34, 35]. 
Indeed, cases of IFD have been increasingly reported 
in patients with lymphoproliferative diseases treated 
with some of these agents [24, 60, 62]. In addition to 
the use of specific immunosuppressive agents, changes 
in treatment strategies resulting in cumulative immu-
nosuppression have also resulted in the emergence of 
IFD. This is the case of multiple myeloma in which the 
treatment evolved from the classical regimen of oral 
melphalan and prednisone, with minimal impact on the 
immune system, to strategies that include one or two 
autologous HCTs, high-dose corticosteroids, borte-
zomib and others [41].

In the context of HCT, practices that increase the 
risk and severity of graft versus host disease (GVHD) 
have a potential to increase the risk for IFD [54, 68]. 
These include: peripheral blood instead of bone mar-
row as the source of stem cells, increasing upper age 
limit, transplants with HLA-mismatched or unrelated 
donors, non-myeloablative transplants, and the use of 
donor lymphocyte infusions. In addition, patients sub-
mitted to multiple transplants and those receiving 

transplants with T-cell depletion are at increased risk 
for these infections, probably because the immune 
reconstitution in such transplants is delayed [10].

The association of severe GVHD and mold  infections 
is due to the combination of the immunodeficiency of 
GVHD itself, associated with the  immunodeficiency 
caused by its treatment, and the reactivation of immu-
nomodulatory viruses, such as cytomegalovirus. Severe 
GVHD requires the use of high-dose corticosteroids 
and, if refractory, other immunosuppressive agents that 
per se may increase the risk for mold infections. For 
example, in a study, the use of infliximab (an antitumor 
necrosis factor alpha) for the treatment of severe or 
refractory acute GVHD was associated with a higher 
risk for mold infections (aspergillosis and zygomyco-
sis) by multivariate analysis [33].

Non-myeloablative transplants are associated with 
a higher frequency of mold infections [16, 21]. In a 
retrospective single-center study, mold infections 
occurred in 25 out of 163 patients submitted to non-
myeloablative transplants (four due to Zygomycetes 
and one due to Fusarium sp.). Risk factors for these 
infections by multivariate analysis included severe 
acute GVHD, chronic extensive GVHD and cytomeg-
alovirus disease [12].

Risk factors for infection caused by Fusarium and 
Zygomycetes in HCT recipients have been assessed in 
a single-center retrospective study [32]. Underlying 
multiple myeloma and mismatched or unrelated trans-
plants were associated with fusariosis (hazard ratios of 
6.9 and 2.7, respectively), whereas underlying myelo-
dysplastic syndrome (hazard ratio 4.1) and acute 
GVHD (hazard ratio 3.1) were predictors of zygomy-
cosis. As pointed out, treatment of myeloma is associ-
ated with a cumulative and severe T-cell-mediated 
immunodeficiency [41].

The time of occurrence of the emerging fungal 
infections varies according to the agent. While sce-
dosporiosis is more likely to occur before engraftment 
(during neutropenia), infection by Zygomycetes occurs 
later (>day + 90 after transplantation) in the setting of 
GVHD and its treatment [32]. By contrast, fusariosis 
has a trimodal distribution following HCT, with the 
first peak at a median of 16 days posttransplantation, a 
second peak between day + 61 and day + 80 (median 
day + 64), and a third peak after day + 360. A remark-
able finding in the cases of late fusariosis is that they 
occurred in the context of chronic GVHD and no 
patient was neutropenic [44].

Emerging fungal infectionsa

Non-fumigatus Aspergillus spp.

Fusarium spp.

Zygomycetes

The agents of phaeohyphomycosis

Table 27.1 Definition of emerging fungal infections

aThe term emerging infection may be used to denote an infection 
that has newly appeared in the population, is rapidly increasing 
in incidence or geographic range, a new clinical presentation of 
an infection caused by a known pathogen, or even a new antifun-
gal susceptibility pattern of a known pathogen [43]
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27.3  The Fungi

Most of the emerging fungal pathogens are common 
soil saprophytes, and the main mechanism of acquisi-
tion is the inhalation of conidia, with subsequent pneu-
monia and/or sinusitis in a process similar to that of 
invasive aspergillosis. Nevertheless, some of these 
infections occur as a result of penetrating trauma (pha-
eohyphomycosis, fusariosis) or at sites of skin break-
down (fusariosis).

While Aspergillus fumigatus is by far the most fre-
quent species causing invasive aspergillosis, in recent 
years, the incidence of infection due to non-fumigatus 
species has also increased [31]. In a series of 40 cases 
of aspergillosis in patients with cancer from 1998 to 
2001, 70% were caused by non-fumigatus Aspergillus. 
Among the 28 non-fumigatus Aspergillus spp., 
Aspergillus flavus was identified in 13 cases, Aspergillus 
terreus in 11, Aspergillus niger in 3, and Aspergillus 
nidulans in 1 case [59].

Aspergillus terreus is an important emerging agent 
of aspergillosis [15]. The reasons for the emergence of 
this species in particular are not clear, but may be 
related to local epidemiologic characteristics (includ-
ing the environment and patient populations), since its 
incidence varies among different institutions: A.  terreus 
was responsible for 30% of cases of invasive aspergil-
losis at a center in Vienna, Austria [25], 1% of 1,477 
cultures positive for Aspergillus spp. from 24 US cen-
ters in a 1-year period [48], and 7% of cases of invasive 
aspergillosis enrolled in a large worldwide clinical trial 
[17].

Aspergillus ustus is frequently found in foods, soil 
and indoor environments, and has been increasingly 
reported as cause of invasive disease, mostly in severely 
immunosuppressed patients [46, 53, 61]. Breakthrough 
infection in patients receiving voriconazole and caspo-
fungin has been reported [19, 47, 56].

Infections caused by a recently recognized species 
of Aspergillus have been reported [4, 5]. The organ-
ism, which, according to classical morphological typ-
ing methods, is typically identified as A. fumigatus, 
clusters as a unique species with multilocus sequence 
typing [4], supporting the proposed designation of 
Aspergillus lentulus.

Fusarium is a plant pathogen and a soil saprophyte 
that causes a broad spectrum of infections in humans, 
including superficial, locally invasive and dissemi-
nated infection. The most frequent species causing 

infection in humans are Fusarium solani, Fusarium 
oxysporum and Fusarium moniliforme [36, 39]. 
Fusariosis emerged as an important and frequently 
fatal infection in immunosuppressed patients, the 
majority of cases occurring in patients with acute leu-
kemia developing prolonged and profound neutrope-
nia [42]. More recently, cases of fusariosis occurring 
in patients without neutropenia but with severe T-cell 
immunodeficiency have been reported, underscoring 
the importance of the immunity on the emergence of 
opportunistic fungal infections [44].

Zygomycetes is a class of filamentous fungi that is 
subdivided into two orders: Mucorales and Ento-
morphthorales. Most infections in humans are caused 
by the Mucorales. The spectrum infection caused by 
Zygomycetes ranges from cutaneous to disseminated 
disease, and the most frequent clinical form of the dis-
ease in neutropenic patients is pneumonia [13].

The genus Scedosporium contains two medically 
important species: Scedosporium apiospermum and 
Scedosporium prolificans. Scedosporium apiosper-
mum has a sexual form called Pseudallesceria boy-
dii. In immunocompromised patients, S. apiospermum 
causes deeply invasive infections such as pneumo-
nia, sinusitis and brain abscess [7, 66], and most 
cases occur in the setting of severe neutropenia. 
Pulmonary involvement is common in HCT recipi-
ents: in a series of ten cases, nine had lung disease, 
frequently with sinusitis (six cases). Scedosporium 
prolificans causes disseminated infection in neutro-
penic patients [52].

Agents of phaeohyphomycosis have been increas-
ingly reported as causes of systemic infection in immu-
nocompromised patients. A report of infection at a 
cancer center from 1989 to 2008 showed that the inci-
dence of phaeohyphomycosis increased in this period, 
from 1.0 to 3.1 cases per 100,000 patient-days. Lungs, 
skin (38% each) and sinuses (36%) were the most fre-
quently involved organs.

27.4  Clinical Manifestation

Lung involvement is frequent in most of the emerging 
fungal infections. While their clinical presentation 
may overlap, some features are characteristic of spe-
cific pathogens and may therefore be of help in estab-
lishing the correct diagnosis (Table 27.2). In addition, 
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Aspergillosis Fusariosis Zygomycosis Scedosporiosis Phaeohy - 
phomycosis

Clinical picture Fever, cough, 
pleuritic chest pain

Similar to 
aspergillosis + 
metastatic skin 
lesions (70%)

Similar to 
aspergillosis

Similar to 
aspergillosis; S. 
prolificans: 
metastatic skin 
lesions

Similar to 
aspergillosis

Radiologic pattern Angioinvasion, 
nodules +/- halo 
sign

Similar to 
aspergillosis

Similar to 
aspergillosis, >10 
nodules and 
pleural effusion 
more frequent

Similar to 
aspergillosis

Similar to 
aspergillosis

Blood culture Negative Positive (60%) Negative S. prolificans: 
positive (70%)

May be positive

Serum 
galactomannan

Sensitivity 70%; 
specificity 92%. 
Good at ruling out 
the diagnosis

Positive results 
reported in F. 
solani and F. 
oxysporum

Negative Negative Positive results 
reported with some 
species

Serum 1,3-beta- 
d-glucan

Positive Positive Negative May be positive May be positive

Table 27.2 Diagnostic characteristics of invasive pulmonary mold infections in neutropenic patients

a major determinant of the clinical form of fungal 
pneumonia is the immune status of the host. One side 
of the spectrum is represented by patients with severe 
(<100/mm3) and prolonged (>15 days) neutropenia, 
mostly patients with acute leukemia receiving induc-
tion remission, and allogeneic HCT recipients in the 
early post-transplant period. In these patients, infec-
tion is characterized by angioinvasion, with intra-alve-
olar hemorrhage and pulmonary infarction. The second 
group is represented by non-neutropenic allogeneic 
HCT recipients. In these patients, pneumonia occurs in 
the context of severe T-cell immunodeficiency caused 
by GVHD and its treatment. Although angioinvasion 
may be observed, it is less frequent than in severely 
neutropenic patients. However, although the number 
of neutrophils is normal, there is a paucity of inflam-
matory cells in lung tissue, indicating that these 
patients are functionally neutropenic [58].

The most frequent clinical presentation of pneumo-
nia caused by emerging molds in neutropenic patients 
is that of persistent or recurrent fever in patients with 
prolonged neutropenia, associated with signs of pul-
monary infarction: dry cough and pleuritic chest pain. 
By contrast, in non-neutropenic allogeneic HCT recip-
ients, the clinical manifestations are subtle and non-
specific. Fever is frequently absent.

In a series of 84 patients with fusariosis and an 
underlying hematologic disease, lung infiltrates 

(presumed to be due to fusariosis) were present in 54% 
of patients and, like in aspergillosis, consisted of non-
specific alveolar or interstitial infiltrates, nodules and 
cavities. The clinical presentation was non-specific, 
with some presenting with a clinical picture similar to 
invasive aspergillosis, with dry cough, pleuritic chest 
pain and shortness of breath [42].

Among 294 cases of fusariosis reported in the lit-
erature until 2002, lung involvement was present in 
114 (39%) and was more common among immuno-
compromised (109 cases, 42%) than immunocompe-
tent patients (5 cases, 16%; p = 0.004). Risk factors for 
fusarial pneumonia include a diagnosis of acute leuke-
mia, prolonged neutropenia and HCT. Pneumonia as 
the sole manifestation of fusariosis was reported in 
14 cases (11 in immunocompromised patients). The 
most frequent radiological pattern was alveolar infil-
trates (46%), pulmonary nodules and interstitial infil-
trates (9% each), and cavities (4%). Nodular and 
cavitary lesions were more common among patients 
with isolated lung involvement (6 of 14, 43% vs 18 of 
100, 18%; p = 0.04). A confirmation of lung involve-
ment was obtained in 60 cases (53%). The most fre-
quent pulmonary material that contributed to the 
diagnosis was lung tissue obtained from autopsy 
(63%), followed by sputum (17%), bronchial aspirate 
(8%), lung biopsy (7%) and bronchoalveolar lavage 
(BAL 5%). Patients with fusarial pneumonia were 
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more likely to die compared to those without lung 
involvement (77% vs 59%, p < 0.001), even after con-
trolling for status of the host defenses and neutropenia 
[40].

In another study, 61 cases of fusariosis in HCT 
recipients (including some previously reported cases) 
were identified in nine centers. Infection occurred in 
54 allogeneic and 7 autologous HCT recipients. Similar 
to the other reports, the most frequent clinical picture 
was disseminated infection (75%), with positive blood 
cultures (43%) and/or metastatic skin lesions (54%). 
Other patterns of infection included pneumonia and 
sinusitis. Neutropenia was present in 46% of alloge-
neic and in 71% of autologous HSCT recipients, and 
neutropenic patients were more likely to have dissemi-
nated disease (p = 0.001). Acute and chronic GVHD 
was present in 57% and 20% of patients, respectively.

A remarkable characteristic of invasive fusariosis 
that distinguishes it from aspergillosis is the high fre-
quency of positive blood cultures and metastatic dis-
seminated skin lesions (Fig. 27.1). This is because 
Fusarium spp. produces yeast-like structures (adventi-
tious sporulation) that facilitate dissemination and 
growth in the blood. Patients with disseminated disease 
typically have multiple erythematous papular or nodu-
lar and painful lesions, frequently with central necrosis 
giving the lesions an echtyma gangrenosum-like 
appearance. Fusarial skin lesions involve practically 
any site, with predominance in the extremities, and 
evolve rapidly, usually over a few days (range 1–5 days). 
Lesions at different stages of evolution (papules, nod-
ules and necrotic lesions) and concomitant myalgias 

(suggesting muscle involvement) are frequently present 
[39]. Some patients present cellulitis at the site of ony-
chomycosis, local trauma or intertrigus. These lesions 
may be the primary site of disseminated infection.

Pneumonia is the most frequent clinical presenta-
tion of zygomycosis in patients with hematological 
malignancies and in HCT recipients, as opposed to the 
typical rhinocerebral form that affects diabetic patients 
[2, 3, 20, 26–28, 55, 64, 65]. The clinical presentation 
is similar to that of invasive pulmonary aspergillosis, 
but the radiologic picture may differ (see below). Most 
cases develop as breakthrough infections if treatment 
with antifungal agents effective against Aspergillus 
spp. is administered [9].

In immunocompromised patients, S. apiospermum 
causes deeply invasive infections, such as pneumonia, 
sinusitis and brain abscess [7, 66]. The clinical presen-
tation is similar to aspergillosis. Neutropenia and organ 
transplantation represent the most frequent underlying 
conditions. The most frequent clinical finding in sino-
pulmonary infection caused by Scedosporium spp. is 
fever, followed by dyspnea and pleuritic chest pain. By 
the time of diagnosis of Scedosporium pneumonia, 
signs of disseminated disease are usually present, 
including maculo-papular or nodular skin lesions, 
myalgias and focal neurologic signs.

Similar to fusariosis, infection due to S. prolificans 
(but not S. apiospermum) is frequently associated with 
positive blood cultures and metastatic skin lesions 
[29]. In a review of 25 cases of scedosporiosis in can-
cer patients, 3 were HCT recipients. All had positive 
blood cultures and two had skin lesions [29]. In a 
review of 72 cases of disseminated phaeohyphomyco-
sis, the most frequent agent was S prolificans, account-
ing for 30 cases. Five of these patients were HCT 
recipients, all with neutropenia [52].

27.5  Radiology

Computed tomography (CT) of the chest is an impor-
tant diagnostic tool of pneumonia caused by the emerg-
ing fungal pathogens. The chest X-ray is not useful, 
especially if the patient is neutropenic. It is often 
abnormal, but the appearance is nonspecific, with 
patchy segmental or lobar consolidations [9].

The radiologic features in severely neutropenic 
patients reflect the angioinvasive nature of the disease. 

Fig. 27.1 Typical metastatic erythematous skin lesions in a 
patient with disseminated fusariosis
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Nodular opacities, with or without a ground-glass 
opacity surrounding the nodule (halo sign), are the 
most typical lesions. They represent pulmonary edema 
and hemorrhage surrounding an area of coagulative 
necrosis. The halo sign is not specific to aspergillosis 
and has been described in pneumonia caused by other 
fungi, including Fusarium spp., Scedosporium spp. 
and Zygomycetes (Fig. 27.2). The halo sign may also 
be present in a variety of non-infectious (such as 
Wegener granulomatosis, Kaposi sarcoma and hemor-
rhagic metastases) and infectious conditions (such as 
viral pneumonias and tuberculosis). Other findings in 
the CT scan include nodules, consolidations, ground-
glass opacities, mass, air bronchogram, effusions and 
cavitation (Figs. 27.3–27.5).

In non-neutropenic allogeneic HCT recipients, 
mold infections may be characterized by angioinva-
sion (like in neutropenic patients) or airway invasion. 
In the later form, the radiologic picture is that of a 
bronchopneumonia. The X-ray shows patchy air space 
consolidation, with or without small nodules 
(Fig. 27.6), and the CT scan exhibits air space consoli-
dations or nodules.

The radiologic manifestations of fusarial pneumo-
nia are indistinguishable from those caused by 
Aspergillus spp., with alveolar infiltrates, pulmonary 
nodules, interstitial infiltrates and cavities [42, 44]. By 
contrast radiologic manifestations of Zygomycosis 
may differ. A study compared the radiologic aspects of 

pulmonary Zygomicosis and aspergillosis. Zygo-
mycosis was more likely to present with multiple (>10) 
nodules and pleural effusion [9].

Radiologic manifestations in phaeohyphomycosis 
were mostly pulmonary nodules, with or without halo 
sign and nonspecific pulmonary infiltrates. Pleural effu-
sion and cavitary lesions seem to be less frequent [6].

Fig. 27.2 Chest CT showing nodule with ground-glass opacity 
surrounding the nodule (halo sign) in a neutropenic patient with 
invasive fusariosis

Fig. 27.3 Chest CT showing ground-glass infiltrates and pleu-
ral effusion in a non-neutropenic hematopoietic stem cell trans-
plant recipient with invasive fusariosis

Fig. 27.4 Chest CT showing alveolar infiltrates and nodule in a 
neutropenic patient with invasive fusariosis
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27.6  Other Diagnostic Tools

The mainstay of the diagnosis of invasive fungal infec-
tions is the demonstration of tissue invasion by fungal 
elements and the growth of the organism from tissue 
culture. Unfortunately, in the majority of cases this is 
not achieved because clinical conditions preclude lung 
biopsy. Since the appearance of most hyaline and black 
molds is similar in tissue (hyalohyphomycosis and 
phaeohyphomycosis), culture of tissue is critical. 

Indeed, it is practically impossible to distinguish infec-
tion with Aspergillus spp. from infection by any of the 
angioinvasive molds such as Fusarium and 
Scedosporium spp., or the dematiaceous fungi such as 
Bipolaris, Exserohilum and Alternaria spp. and to a 
lesser extent infections caused by the agents of zygo-
mycosis. For the diagnosis of phaeohyphomycosis, the 
Fontana-Masson stain for melanin is important and 
reveals the typical pigmentation of hyphae.

Culture of respiratory secretions is an alternative, 
but the interpretation of fungal growth may be diffi-
cult. Fungi may colonize the airways, and many of the 
emerging fungal pathogens are frequent contaminants 
in the laboratory. The isolation of several colonies 
from the same specimen or the same fungus from dif-
ferent specimens is highly suggestive of a true growth, 
whereas the isolation of a single colony from only one 
biological sample should raise the question if it is a 
contamination. When interpreting the result of a myco-
logical examination, a positive direct examination of 
the biological material in addition to isolation of the 
fungus in culture provides a more reliable diagnosis. 
However, the sensitivity of detection by smear exami-
nation is low. Therefore, the clinical significance of a 
single positive culture with a negative direct smear is 
difficult to determine. Potassium-hydroxide concen-
trated smears prepared from sedimented remains of 
clinical specimens may be useful to differentiate 
between contamination and infection [70].

In addition to culture-based diagnostics, serologic 
tests have been developed. The Bio-Rad Platelia™ 
sandwich ELISA for the detection of Aspergillus anti-
gens in blood has good sensitivity for the early diag-
nosis of aspergillosis [50]. The test has excellent 
performance characteristics in profoundly neutro-
penic patients provided it is performed at least two or 
three times a week and supported by chest CT scan 
findings. Although considered specific for the diagno-
sis of aspergillosis, the test may be positive in infec-
tions caused by emerging pathogens, such as Fusarium 
solani, Fusarium oxysporum, Paecilomyces spp., 
Acremonium spp. and Alternaria spp. Limitations of 
the test include reduced sensitivity during receipt 
of mold-active antifungal agents and false-positive 
results with the use of some semi-synthetic b-lactam 
antibiotics, including ampicillin, amoxicillin-clavu-
lanate and piperacillin-tazobactam [51]. The galacto-
mannan assay may also be performed in BAL fluid 
[30].

Fig. 27.5 Chest CT showing nodule with cavity and ground-
glass opacity surrounding the nodule in a neutropenic patient 
with zygomycosis (Courtesy of Belinda P. Simões, University of 
São Paulo, Ribeirão Preto, Brazil)

Fig. 27.6 Chest X-ray showing bilateral patchy infiltrates in a 
neutropenic patient with invasive fusariosis
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Detection of 1,3-beta-d-glucan in the serum is 
another tool that has been developed for the early diag-
nosis of IFD. It can detect a much broader spectrum of 
fungal species than the Platelia™ sandwich ELISA, 
including Candida, Aspergillus, Fusarium and others 
[45]. False-positive readings may result from the use 
of albumin or immunoglobulins, exposure to glucan-
containing gauze, hemodialysis and some antimicro-
bial preparations (amoxicillin-clavulanate).

27.7  Treatment

As pointed out, the management of emerging fungal 
infections is challenging (Table 27.3). The first step is 
to make all efforts to perform the correct diagnosis, 
including isolation of the agent and its identification to 
species level. Antifungal susceptibility tests may be of 
help in selecting the appropriate antifungal agent, 
although a good correlation between minimal inhibi-
tory concentration and clinical outcome has not been 
established.

The typical antifungal susceptibility profile of 
Fusarium spp. is that of relative resistance to most 
antifungal agents. However, different species may have 
different patterns of susceptibility. F. solani and 
Fusarium verticillioides are usually resistant to azoles 
and exhibit higher MICs for amphotericin B than other 
Fusarium spp. [38]. By contrast, F. oxysporum, and 
F. moniliforme may be susceptible to voriconazole and 
posaconazole. The relevance of these in vitro data is 
not clear, because there are not enough data document-
ing a correlation between MIC values and the clinical 
outcome. Because of the lack of clinical trials and the 
critical role of immune reconstitution in outcome of 
fusariosis, the optimal treatment strategy for patients 
with severe fusarial infection remains unclear. 
However, taking the results of in vitro susceptibility 
tests, it seems more prudent to start treatment of sys-
temic fusariosis with a lipid preparation of amphoteri-
cin B. The response rate to a lipid formulation of 
amphotericin B appeared superior to that of deoxy-
cholate amphotericin B (46% vs 32%, respectively) in 
a series of 84 cases in patients with hematological 
malignancies [42]. Other options for the treatment are 
voriconazole and posaconazole [38].

The prognosis of invasive fusariosis has been poor 
regardless of the underlying disease. In a series of 

84 patients with hematological malignancies and fusa-
riosis, 33 of which were HCT recipients, only 21% of 
patients were alive 90 days after the diagnosis of fusa-
riosis. Multivariate predictors of poor outcome were 
persistent neutropenia and the use of corticosteroids 
[42]. In HCT, the mortality rate was 89% among 
61 cases reported in the literature and 87% in a series 
of patients from 9 centers [44]. In this later series, the 
actuarial survival at 90 days postdiagnosis of fusariosis 
was only 13%, with a median survival of 13 days after 
diagnosis. The single variable associated with poor 
outcome was persistent neutropenia.

The clinical presentation of infection due to A. ter-
reus is not different from aspergillosis caused by other 
species. The most important difference is in suscepti-
bility to antifungal agents. MIC

50
 of voriconazole 

(0.25 mg/mL) and itraconazole (0.062 mg/mL) tested 
in 43 A. terreus isolates was not different from A. 
fumigatus (0.25 and 0.25 mg/mL, respectively. By 
contrast, MIC

50
 of amphotericin B was 2 mg/mL for A. 

terreus and 1 mg/mL for A. fumigatus [11]. Accordingly, 
a retrospective analysis of 83 cases of infection due to 
A. terreus showed higher mortality rates if patients 
received a preparation of amphotericin B compared to 
patients receiving voriconazole, and by multivariate 
analysis, the single variable significantly associated 
with better outcome was receipt of voriconazole [57]. 
A. terreus exhibits variable susceptibility to antifun-
gal agents. In a report of six cases in HCT recipients, 
four out of six isolates exhibited MICs for amphoteri-
cin B of 2 mg/mL. MICs for voriconazole were also 
high (4 mg/mL in two isolates and 8 mg/mL in four 
isolates) [46].

S. apiospermum is susceptible to the antifungal tri-
azoles, but not to amphotericin B, whereas S. prolifi-
cans is resistant to all antifungal agents [11]. In a series 
of eight pediatric patients with scedosporiosis, all six 
S. apiospermum infections responded to voriconazole, 
but not the two patients infected with S. prolificans 
[67]. In another study, response to voriconazole was 
also observed in two of six patients with S. apiosper-
mum infection and in one of four with S. prolificans 
infection [49].

Zygomycosis usually has a very devastating clinical 
course, especially the rhinocerebral form. Therefore, 
early diagnosis is paramount. Indeed, the prognosis of 
such infections has improved in recent years because 
of improvements in early diagnosis [13]. Like in the 
other mycoses, the prognosis of infection is also 
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Aspergillus terreus Fusariosis Zygomycosisa Scedosporiosis

Azoles In vitro resistance for 
Fusarium solani and 
verticillioides

Voriconazole Variable susceptibility F. oxysporum and  
F. moniliforme may be 
susceptible in vitro

S. apiospermum is 
sensitive, but S. 
prolificans is resistantOptimal first line 

therapy
Optimal first line therapyAcceptable alternative to 

polyenes

Posaconazole Posaconazole is a 
salvage therapy

Lipid preparation of 
amphotericin B

Increased MIC
50

 
compared to 
Fumigatus (2 mg/mL)

Higher MICs for Fusarium 
solani and verticillioides

Optimal first line 
therapy High doses are 
recommended

S. apiospermum and S. 
prolificans are resistant

Optimal first line therapy

Table 27.3 Therapeutic management in emerging fungal infections

aCombined medical and surgical treatment

influenced by the clinical form of disease, with a better 
prognosis for localized forms and death in most 
patients with disseminated infection [20]. Another 
aspect of zygomycosis is that a combined surgical and 
medical treatment seems to be crucial. A study showed 
cure or improvement occurred in 7 of 11 transplant 
recipients with zygomycosis who were treated with 
amphotericin B colloidal dispersion. All cured patients 
had been submitted to a surgical procedure in addi-
tion to antifungal treatment [18]. Amphotericin B is 
considered the drug of choice for the treatment of 
zygomycosis, and high doses are recommended [13]. 
In addition, posaconazole has been studied as salvage 
therapy with fair response rates [14, 42]. However, 
concerns regarding the use of posaconazole in the pri-
mary treatment of zygomycosis include its low 
in vitro activity against some of the most frequent 
agents of zygomycosis and the lack of an intravenous 
formulation.

27.8  Conclusions

The emergence of fungal pathogens is a consequence 
of the dynamic interaction between the host, the envi-
ronment and the pathogen. Although some fungal 
infections seem to have emerged as a result of selective 
pressure of the widespread use of prophylactic anti-
fungal agents, the large majority of fungal infections 
emerge because of severe immunosuppression. 

Therefore, as the number and categories of immuno-
suppressed patients expand, it is not surprising that the 
list of emerging fungal infections is increasing. 
Clinicians must be aware of new pathogens, new clini-
cal entities and clinical presentations in order to make 
a prompt and accurate diagnosis. Mycology laborato-
ries must be prepared to establish the diagnosis to the 
species level, and this may require the availability of 
molecular tests. Finally, antifungal susceptibility tests 
should also be available to select the most adequate 
antifungal drug.
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28.1 Introduction

Advances in the management of hematological malig-
nancies have resulted in marked improvements in life 
expectancy and the quality of patients’ lives. However, 
patients with malignancies are rendered highly suscep-
tible to infection by virtue of their underlying diseases 
and their associated therapies, including chemother-
apy, radiation therapy, and surgery.

Traditionally, infection has accounted for up to 75% 
of deaths in patients with hematologic neoplasia. 
However, advances in prevention and treatment have 
decreased infectious-related death to about 50% [1, 2]. 
Infectious complications represent a major death risk 
during neutropenia; the lung is the most frequently 
involved site. Pneumonia is the most frequent life-
threatening infectious complication occurring during 
the course of neutropenia in patients with cancer. Lung 
infection can be caused by a variety of pathogens, 
including bacteria, viruses, protozoa, and fungi. 
Candida is the most frequent causative agent of inva-
sive fungal infections in immunocompromised hosts.

Candida is part of the normal human microbial flora 
localized in the skin, mucous membranes, digestive 
tract, and urogenital tract. In immunocom promised 
hosts such as patients with hematologic neoplasia, 
Candida can be an opportunistic pathogen causing life-
threatening disseminated infections [3]. The ability of 
the Candida to alter its morphology between yeast and 
true hyphal growth forms is thought to contribute to its 
pathogenicity. The skin and mucosal surfaces are the 
first barriers in the host defense against fungal invasion, 
followed by neutrophil and macrophage activation, 
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factors usually preventing fungal dissemination [3]. 
Candida infection is not common in immunocompro-
mised patients without neutropenia [4].

Although neutropenia is the most important predis-
posing factor for invasive candidiasis, other mecha-
nisms that have been implicated are deficiencies in 
humoral and cellular immunity, impairments in mucosal 
defensive mechanisms, and functional alterations of 
neutrophils [5]. In these patients bloodstream infec-
tions and catheter-related infections are the most com-
mon types of Candida infections, and pneumonia is 
extremely uncommon. Invasive candidiasis has been 
associated with severe sepsis, septic shock, and multio-
rgan failure with clinical characteristics resembling 
those caused by bacterial pathogens [6].

28.2 Epidemiology

Fungal infections have increased dramatically during 
the last decades. Candida has evolved as a prominent 
cause of infection in ICU patients. However Candida 
infection can easily be overestimated (Fig. 28.1), as the 
diagnosis of invasive candidiasis is difficult. With the 
exception of candidemia, diagnosis requires histological 
confirmation. For this reason, epidemiological data on 
Candida pneumonia are scarce and often unreliable [7].

The incidence of infection and/or fungal coloniza-
tion in critically ill patients has increased over recent 
decades. In the United States, sepsis related to fungal 
infections has multiplied by threefold, from over 5,000 
cases in 1979 to more than 16,000 in 2000 [8, 9]. This 
involves a significant increase of candidemia.

Candida pneumonia was first described in 1771 by 
Rosen Von Rosenstein; later Castellani reported Candida 
pneumonia in tea tasters in Ceylon. Since then, there 
have been only scattered reports [10]. Candida pneu-
monia is rare, and it occurs most often in patients receiv-
ing immunosuppressive or broad-spectrum antibiotic 
 therapy. Haron et al. [11], found an incidence of 0.4% 
among 7,725 patients, which is similar to Masur’s 
 findings some years before (0.23%) [12]. In a search 
of the PubMed database (http://www.ncbi.nlm.nih.gov/
pubmed accessed 14 May 2009), 91 cases of Candida 
pneumonia (Table 28.1) confirmed by histopathology 
[2, 10, 11, 13–15] were identified.

Although non-albicans species have emerged as 
significant pathogens in critically ill patients, Candida 
albicans continues causing the largest number of infec-
tions, representing more than half of all isolates in 
Candida pneumonia, followed by Candida tropicalis 
and Candida glabrata. Other species, such as Candida 
krusei and Candida parapsilosis, are less frequently 
isolated [2, 10, 11, 15].

With the exception of candidemia, the impact of 
invasive Candida infections, in terms of morbidity and 
mortality, has not been studied in great detail. Candida 
endophthalmitis is associated with a mortality rate 
estimated at 80% [16], and primary Candida pneumo-
nia has a mortality rate up 70% [2, 11].

There are few identified factors associated with 
mortality in Candida pneumonia. Intubation and need 
for mechanical ventilation because of respiratory fail-
ure are associated with 90% mortality. Additionally, 
when antifungal therapy was started later (>10 days), 
mortality rose above 70% (p < 0.05) [2].

28.3  Risk Factors for Invasive 
Pulmonary Candidiasis

Previous colonization by Candida in nonsterile sites 
has been identified as a risk factor for invasive infec-
tion [17]. Indeed, about 90% of patients with invasive 
Candida infection showed previous colonization of the 

Candidemia

Invasive
candidiasis 

High grade colonization

Low grade colonization

Fig. 28.1 The spectrum of disease caused by Candida. 
Candidemia is the top of the iceberg. Invasive candidiasis 
includes Candida pneumonia. Colonization (high and low grade) 
is determined by number of sites with positive cultures
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Study Patient type Prior broad-
 spectrum 
antibiotics

Prior steroids/ 
immunosuppres-
sive treatment

Organism Cases Mortality

Schröter  
et al. [13]

After liver 
transplantation

– – – 7 –

Mohsenifar  
et al. [10]

Primary  
malignant

20 16 20 C. albicans 20 –

Buff  
et al. [14]

Hematological 
malignancies

– 11 – 20 –

Haron  
et al. [11]

Primary  
malignant

28 15 11 C. albicans 31 84%

2 C. tropicalis

1 C. parapsilosis

18 not reported

von Eiff  
et al. [2]

Hematological 
malignancies

12 6 6 C. albicans 12 –

1 C. glabrata

Petrocheilou- 
Paschou  
et al. [15]

After heart 
transplantation

1 1 1 C. krusei 1 1

Table 28.1 Cases confirmed by histopathology of Candida pneumonia

respiratory tract by the same type of Candida [18, 19]. 
Risk factors for colonization are underlying disease, 
central venous catheterization, parenteral nutrition, 
exposure to broad-spectrum antimicrobials, acute 
 pancreatitis, abdominal surgery, and gastrointestinal 
fistulas.

Candida albicans pneumonia can originate in 
one of two ways. True Candida pneumonia is a 
hematogenously disseminated pulmonary infection 
along with involvement of other organs, often result-
ing in fungal emboli in the lung. The other form is 
rare and occurs after aspiration of oropharyngeal 
material, causing primary pneumonia. Although the 
lungs have innate mechanisms of defense that ren-
der them very resistant to tissue invasion by Candida 
sp., this is not so for nonfilamentous fungi, such as 
Aspergillus sp.

Non-albicans Candida species are also an impor-
tant cause of Candida pneumonia [2, 11, 15]. 
Fluconazole has been identified as a risk factor for the 
emergence of non-albicans Candida [20]. From a 
practical point of view, it is important to predict when 
Candida infection may be caused by species poten-
tially resistant to fluconazole, i.e., C. glabrata or  
C. krusei. However C. glabrata or C. krusei infection 
also may occur in patients without previous exposure 
to this antimicrobial.

28.4 Diagnosis

In the evaluation of acutely ill, immunocompromised 
patients with suspected pneumonia, a meticulous and 
thorough history and physical examination must be 
performed. Diagnosis confirmation and identification 
of underlying microorganisms is essential for appro-
priate therapy.

Even though patients with advanced hematologic 
disease are at higher risk of developing pneumonia, 
this complication frequently affects patients with 
hematologic diseases at their onset. The diagnosis of 
Candida pneumonia can be difficult for a number of 
reasons: an impaired inflammatory response can reduce 
clinical or radiological signs; an etiological diagnosis 
is difficult to obtain because of the risk of hemorrhage 
due to thrombocytopenia. As a result, a considerable 
proportion of pulmonary fungal infections are not 
diagnosed ante mortem in cancer patients [21].

Several procedures are recommended for the identi-
fication of Candida infection: (1) clinical presentation 
and imaging, (2) culture of respiratory samples, (3) 
detection of circulating antigens, (4) detection of spe-
cific antibodies, (5) detection of metastatic seeds, and 
(5) histopathologic confirmation (Fig. 28.2).

All the above-mentioned methods have their draw-
backs: The clinical presentation is not specific; only 
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50% of blood cultures are positive in patients with sys-
temic candidiasis [22], and detection methods for anti-
gens have low sensitivity [18, 23, 24]. Similarly, the 
detection of antibodies against Candida also has lim-
ited value, because patients are immunosuppressed 
and therefore present with an impaired immune 
response, and finally there is an excess of false-positive 
results [25].

Clinical presentation is characterized by cough, 
expectoration of purulent secretions, occasional 
hemop tysis and invariably hypoxemia [10]. Fever and 
progressive shortness of breath (and concomitant tac-
hypnea) tend to be common symptoms, although in the 
neutropenic patient all these signs and symptoms are 
likely to be unimpressive or even absent. Fever appears 
in 80% of cases and leukocytosis in 50% (although 
there are patients with neutropenia), endophthalmitis 
in 9–15%, and cutaneous lesions or septic arthritis in 
less than 1% [26] (Fig. 28.3).

Chest radiographs (CXR) should be obtained 
promptly in the patient with suspected pneumonia. 
However, the diagnostic yield of conventional CXR is 
poor, and compared with computer tomography (CT), 
conventional CXR manifests often too late to be the 
correct trigger for the start of therapy [27] (Table 28.2). 
CT scan increases the accuracy of diagnosing and typ-
ing of the pneumonia. If the pneumonic infiltrates are 

located in the upper and lower lobes of the lungs or the 
lingula, there is a real risk that the pneumonia may be 
missed when CXR is performed. This obviously may 
lead to an erroneous treatment decision [28].

Heussel et al. [27], found in a series of neutropenic 
patients with fever of unknown origin and normal CXR 
that 60% of CT studies were indicative of pneumonia. In 
54% of these studies, either clinical (chest radiography) 
or microbiologic documentation of pulmonary infiltra-
tion was possible. Sensitivity of CT was 87% (88% in 
transplant recipients), specificity was 57% (67%), and 
the negative predictive value was 88% (97%). Moreover, 
a time gain of 5 days using CT in comparison with the 
exclusive use CXR has been found.

The primary diagnostic challenge is the differentia-
tion of fungal colonization from fungal infection. The 
isolation of Candida from the respiratory tract samples 
ranges from 11% [29] to 52% [18], increasing its rate 
in mechanically ventilated patients up to 70% [30, 31]. 
Isolation of Candida in the bronchial tree reflects colo-
nization, but in many occasions this “benign” Candida 
colonization may be unfairly categorized as Candida 
pneumonia. This reflects the extremely difficult confir-
mation of diagnosis of Candida pneumonia. The value 
of quantitative cultures of respiratory samples for 
yeasts is unknown [32].

Histological confirmation is the gold standard for 
diagnosis of Candida pneumonia. However, biopsy is 
difficult to perform, and autopsy studies aimed to esti-
mate the incidence are biased by the refusal of next of 
kin to give the informed consent. For this reason it is 
still a matter of debate whether Candida is able to 
cause pneumonia in immunosuppressed but non-neu-
tropenic patients [4].

28.5 Treatment

Treatment of Candida pneumonia in neutropenic 
patients should be essentially the same as in non-neu-
tropenic patients. The decision to initiate intensive care 
treatment has to take into account the prognosis of the 
underlying disease. Mortality in patients with hemato-
logical malignancies admitted to an ICU with Candida 
pneumonia is 70% [2, 11]. Treatment must be started 
immediately to improve tissue oxygenation, restore 
cardiovascular function, and improve other organ func-
tions [33, 34].

Clinical
presentation 

Imaging

Culture of
respiratory
samples  

Detection
Ag/Ab 

Detection of
seeds 

Histopathologic
confirmation 

Fig. 28.2 Procedures for reliable identification of Candida 
infection. Antigens (Ag), antibodies (Ab)
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Radiographic 
findings

% Patients

Mohse- 
ni far 
[10]

Haron 
[11]

Petro- 
cheilou 
Paschou  
[15]

Buff  
[14]

Diffuse 
bilateral 
infiltrates  
with confluent 
areas of air 
space 
consolidation

16/20 15/31 – 8/20

Localized 
pneumonia  
(1 or more 
lobes)

4/20 16/31 1/1 12/20

Effusion  
pleural

5/20 – – 5/20

Table 28.2 Radiographic findings in Candida pneumonia
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Fig. 28.3 Clinical presentation in 
pneumonia by Candida in four 
series [2, 10, 11, 15]

Although targeted treatment is the best therapy for 
Candida pneumonia, there are four approaches to anti-
mycotic therapy: prophylaxis, preemptive treatment, 
empiric treatment, and targeted treatment [26].

Targeted treatment requires positive cultures and 
directed antifungal therapy. Currently, there are sev-
eral antifungal drugs available for the treatment of 
Candida infections in general and, in particular, in 
high-risk subjects such as the critically ill. These 

include deoxycholate preparation and lipid-based 
formulations of amphotericin B, azoles like flucon-
azole, itraconazole or voriconazole, and echinocan-
dins. Unfortunately, amphotericin deoxycholate 
plus flucytosine are the only option with clinical 
evidence [2].

Conventional deoxycholate amphotercin B (AmB-d) 
is an effective drug in treating systemic fungal infec-
tions. Nevertheless, it can produce a wide variety of 
severe adverse events such as renal failure. Because of 
this, it should not be used in critically ill patients [35]. 
Nephrotoxicity is the most common serious adverse 
effect associated with AmB-d therapy, resulting in 
acute renal failure in up to 50% of recipients [36, 37]. 
However, continuous infusions (24 h) of amphotericin 
B are significantly better tolerated and can reduce 
nephrotoxicity and side effects without increasing 
mortality [38], although one prospective study by Ellis 
et al. concluded that infusion rates for 4 h did not 
 modify amphotericin B toxicity [39]. Lipid-based for-
mulations of amphotericin B (LF-AmB) have been 
developed and approved for use in humans. There are 
three formulations commercially available. These 
agents possess the same spectrum of activity as AmB-d 
with less nephrotoxicity [36, 37].

The new azoles, fluconazole in particular, offer a 
form of treatment that is less toxic than AmB-d and 
equally effective, provided that they are used at 
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adequate doses (Table 28.3) and that it is possible to 
identify high-risk patients requiring “empiric” treat-
ment [26]. Fluconazole can be chosen for initial 
empiric therapy in clinically stable patients who have 
not received prior azoles. However, if C. glabrata is 
isolated, the patient should be started on high-dose 
fluconazole (>12 mg/kg/day or >800 mg/day for a 
70-kg patient) or switched to echinocandins or 
amphotericin B, although, there are few data sup-
porting this recommendation [40]. On the other 
hand, certain non-albicans Candida species are less 
susceptible to fluconazole, and some Candida albi-
cans can be resistant to fluconazole.

There are other azoles with activity against Candida 
species. Posaconazole and voriconazole do not have an 
indication for primary Candida pneumonia therapy. 

Voriconazole is effective for both mucosal and inva-
sive candidiasis, but it has not been proven in clinical 
trials. Its clinical use has been primarily for step-down 
oral therapy in patients with infection due to C. krusei 
and fluconazole-resistant, voriconazole-susceptible  
C. glabrata. However, drug-drug interactions are com-
mon with voriconazole and should be considered when 
initiating and discontinuing treatment with this com-
pound [41].

Echinocandins, caspofungin, anidulafungin, and 
micafungin are available only as parenteral prepara-
tions. These drugs have fungicidal activity against 
Candida targeting the fungal cell wall. The absence of 
this target in mammalian cells probably contributes to 
its favorable safety profile with few adverse effects. 
Echinocandins are at least as effective as amphotericin 

Antifungal Loading doses Maintenance doses Comments

Polyenes

Deoxycholate amphot-
ericin B

1 mg/kg/day 1 mg/kg/day It can cause renal insufficiency

Amphotericin B lipid 
complex

5 mg/kg/day 5 mg/kg/day Dosage should be adjusted in renal 
insufficiency

Amphotericin B 
liposomal

6 mg/kg/day 6 mg/kg/day Dosage should be adjusted in renal 
insufficiency

Amphotericin B 
colloidal dispersion

4–6 mg/kg/day 4–6 mg/kg/day Dosage should be adjusted in renal 
insufficiency

Azoles

Fluconazole 800 mg × 1 doses 400 mg/day Dosage should be adjusted in renal or 
hepatic insufficiency

12 mg/kg 6 mg/kg/day

Itraconazole 200 mg/kg/12 h 200 mg/kg/12 h Dosage should be adjusted in renal or 
hepatic insufficiency

3 mg/kg/12 h 3 mg/kg/12 h

Voriconazole 400 mg/day × 2 doses 200 mg/12 h Dosage should be adjusted in renal or 
hepatic insufficiency

6 mg/kg/day × 2 doses 3 mg/kg/12 h

Echinocandins

Caspofungin 70 mg/day × 1 doses 50 mg/day Dosage reduction for patients with 
moderate to severe hepatic dysfunction.

No required dosage adjustment for renal 
insufficiency or dyalisis

Anidulafungin 200 mg/day × 1 doses 100 mg/day No required dosage adjustment for renal 
insufficiency or dyalisis

Micafungin 100 mg/day 100 mg/day No required dosage adjustment for renal 
insufficiency or dyalisis

Table 28.3 Antifungal agents approved for invasive candidiasis treatment
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B for the treatment of invasive candidiasis and even 
more so for candidemia [41, 42]. The minimal inhibi-
tory concentrations (MICs) of the echinocandins are 
low for a broad spectrum of Candida species, as they 
retain activity against isolates with resistance to azoles 
or polyenes [41, 42]. However, clinical trials of echi-
nocandins treatment in Candida pneumonia have not 
been done yet (Table 28.3).

Flucytosine demonstrates broad antifungal activity 
against most Candida species, with the exception of 
C. krusei. However, flucytosine is rarely administered 
as a single agent, but is usually given in combination 
with AmB for patients with pneumonia by Candida 
[10, 11].

28.6 Conclusion

Infectious complications are common and represent a 
major death risk during neutropenia. Pneumonia is 
extremely uncommon, but associated with high mortal-
ity. Isolation of Candida from the respiratory tract sam-
ples reflects colonization of the bronchial tree (or sample 
contamination from oropharynx). Therefore, diagnosis 
of pneumonia by Candida should require histological 
confirmation. Finally, if documented, antifungal agents 
for treatment of pneumonia by Candida should essen-
tially be the same as for invasive candidiasis.

Competing Interests: The authors declare that they 
have no competing interests.
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Pulmonary involvement with eukaryotic parasites in 
patients with hematological malignancies is less com-
mon than infections by bacteria or other eukaryotic 
pathogens such as fungi (mainly Pneumocystis, 
Aspergillus, and Candida). However, parasitic infec-
tions in immunocompromised patients are associated 
with a high morbidity and mortality rates if not pre-
vented or diagnosed and treated in time [1–4]. These 
infections are rare or restricted to specific geographic 
areas in patients with hematological malignancies. 
One of the main features of parasitic infections is dis-
semination, which may be confused with another 
opportunistic infection, resulting in diagnostic delays. 
Two parasitic lung infections are sufficiently frequent 
to be described in detail, namely, toxoplasmosis and 
stongyloidiasis.

29.1  Host–Parasite Interaction

The complexity of host–parasite interactions can 
explain, to some extent, the difficulties encountered in 
preventing, diagnosing, and treating parasitic infec-
tions in severely immunocompromised patients. These 
interactions vary widely across parasites, as these 
pathogens differ in their life cycles and structures, and 
induce host responses that do not involve the same 
pathways and mechanisms. The two parasites that 
deserve special attention in patients with hematologi-
cal malignancies are the protozoan Toxoplasma gondii 
and the nematode Stongyloides stercoralis. Here, we 
describe the main characteristics of the host–parasite 
interactions that explain the clinical and biological fea-
tures observed in hematological malignancy patients 
infected by these parasites.
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29.1.1  Toxoplasmosis

The relationship between T. gondii and its host is very 
complex [5, 6]. In immunocompetent patients, the host 
and parasite reach an equilibrium, as shown by the fact 
that chronic asymptomatic T. gondii infection is found 
in 50% of individuals in France. However, when the 
host immune responses are depressed (e.g., by AIDS or 
a hematological malignancy), the reactivation of latent 
parasite forms (bradyzoites) from quiescent cysts to 
virulent parasites (tachyzoites, Figs. 29.1 and 29.2) can 
lead to serious lesions in the brain, lungs, or other 
organs. The reactivated parasites may occur locally or 
disseminate via the bloodstream. Globally, host–para-
site interactions depend on several factors, related both 
to the parasite and to the patient. Among parasite-related 
factors, the population structure of T. gondii allows the 
differentiation of three main lineages (types I, II, and III 
strains) and of nonarchetypal and highly virulent strains 
found mainly in South America [7]. These virulent 
strains can cause clinical lesions in immunocompetent 
patients that are as serious as those seen immunocom-
promised patients with disseminated type-II strain dis-
ease. Type II strains are found in more than 90% of the 
toxoplasmosis cases in western countries. Pathogenicity 
of type II strains occurs almost only in immunocompro-
mised individuals and patients with congenital toxo-
plasmosis. Among patient-related factors, chronic 
infection is the main source of clinical toxoplasmosis in 
patients with hematological malignancies, and new 
infections are very rare. The decrease in host immune 
control leads to cyst rupture (in the brain and muscles), 

conversion from bradyzoites to tachyzoites, and devel-
opment of local abscesses and/or hematogenous dis-
semination. Briefly, in immunocompetent patients, the 
process that leads to parasite encystation is driven by 
both innate and adaptive immune processes, with the 
balance between pro- and antiinflammatory cytokines 
being of paramount importance in reaching the equilib-
rium necessary for both host and parasite survival. The 
encysted quiescent parasites are protected from the 
immune response of the host. Taken as a whole, cellular 
immunity, macrophages, T lymphocytes, NK cells, and 
associated cytokines (mainly IFNg) are the main 
immune elements involved in controlling T. gondii 
infection. However, not all T-cell-deficient patients con-
tract clinical toxoplasmosis, as the genetic background 
of the patient and parasite also plays a role. Therefore, 
the probability of clinical toxoplasmosis occurring can-
not be predicted in the individual patient.

In immunocompromised patients with hematologi-
cal malignancies, lung involvement is due to hematog-
enous dissemination of the parasites, as pulmonary 
tissues are not known to harbor chronic Toxoplasma 
cysts. Recent data indicate that patients with hemato-
logical malignancies may experience T. gondii para-
sitemia without patent clinical symptoms [8, 9]. This 
possibility should be considered in patients known to 
be seropositive for T. gondii before the onset of the 
hematological malignancy and is of importance for 
interpreting laboratory tests used to diagnose toxoplas-
mosis in these patients. Immune reconstitution after 
bone marrow transplantation or remission of the malig-
nancy leads to the development of a new host–parasite 
equilibrium and removes the risk of cyst reactivation.

Fig. 29.1 Dividing T. gondii tachyzoites (endodyogeny). 
Electronic microscopy (Photograph H. Pelloux, E. Brambilla for 
ANOFEL, with permission)

Fig. 29.2 Toxoplasma gondii. Tachyzoite (May-Grünwald-
Giemsa) in bronchoalveolar lavage fluid (Photograph P. Marty 
for ANOFEL, with permission)
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29.1.2  Strongyloidiasis

S. stercoralis is an intestinal nematode with a highly 
complex life cycle. It can persist in humans for decades 
and can lead to a fulminant hyperinfection syndrome if 
the host becomes immunosuppressed [3]. Thus, the 
main risk for patients with hematological malignancies 
in western countries is progression of chronic strongy-
loidiasis that was present before onset of the malig-
nancy. Primary infection, transmission via an allogeneic 
transplant, and nosocomial transmission are exceed-
ingly rare [10]. The chronic nature of strongyloidiasis, 
which is unique among nematodes, is due to the fact 
that S. stercoralis larvae can cause autoinfection: the 
eggs hatch in the intestine, releasing larvae that pene-
trate the intestinal wall and follow the normal infective 
cycle if the host is immunocompetent. This mechanism 
can lead to decades-long infection without re-infection 
in endemic areas. The normal life cycle includes a pul-
monary step in which the filariform larvae are carried 
to the alveolar spaces via the circulatory system, then 
reach the pharynx and are swallowed to reach the intes-
tine. In immunocompetent patients, the pulmonary step 
is most often asymptomatic. Furthermore, incomplete 
host–parasite equilibrium, less perfect than that seen in 
T. gondii infection, is induced, and the number of para-
sitic larvae is controlled to some extent. The infection 
cycle is not stopped, but its importance is limited. The 
widespread use of immunosuppressive therapy and the 
chronicity of strongyloidiasis make hyperinfection a 
clinically important problem even in nonendemic 
countries where migrant people live. Risk factors for 
hyperinfection and disseminated disease include 
impaired cell-mediated immunity, chronic corticoster-
oid therapy, hematopoietic stem cell transplantation, 
hematological malignancies such as lymphoma, human 
T-lymphotropic virus type 1 infection, hypogamma-
globulinemia, and solid organ transplantation [11]. The 
most common risk factor is corticosteroid use, which 
results in eosinopenia, hampering the eosinophil-spe-
cific immune response against S. stercoralis.

Of note, despite the overlap in endemic regions 
between HIV infection and strongyloidiasis, the inci-
dence of strongyloidiasis is not higher than in the 
non-HIV-infected population. Eosinophils and inter-
leukin-5 are known to be important components of 
the immune response to S. stercoralis infection. 
Activated eosinophils kill helminthic parasites 
in vitro, and interleukin-5-knockout CB57BL/6 mice 

exhibit increased susceptibility to stronglyoidiasis 
[12]. In patients with hematological malignancies, 
immunosuppression leads to loss of the host-parasite 
equilibrium with a marked increase in the activity of 
the normal life cycle that considerably augments the 
number of larvae disseminating into the body. The 
number of larvae in the lung and alveolar space leads 
to pulmonary function impairments that can progress 
to respiratory failure and death. S. stercoralis hyper-
infection after solid organ transplantation can coin-
cide with corticosteroid use to prevent graft rejection 
and usually manifests between 1 and 3 months after 
transplantation. However, S. stercoralis hyperinfec-
tion manifests earlier in hematopoietic stem cell 
transplant recipients, owing to their profound immu-
nosuppression [4].

29.2  Toxoplasmosis

Pulmonary toxoplasmosis is a well-known entity [13] 
that has been reported in immunocompetent patients, 
but chiefly affects the rapidly growing number of 
immunocompromised patients with cell-mediated 
immune deficiencies. In the 1990s, most of the patients 
with pulmonary toxoplasmosis had AIDS and a history 
of other AIDS-related infections. Patients with T. gon-
dii pneumonia had a higher mortality rate than did 
patients with extra-pulmonary disease, with a median 
survival of 150 days after the diagnosis [14].

As progress was made in means of controlling HIV 
infection, the populations chiefly affected with pulmo-
nary toxoplasmosis became organ transplantation 
recipients and patients with hematological malignan-
cies. Allogeneic hematopoietic stem cell transplant 
recipients are at very high risk, whereas toxoplasmosis 
is rare in autologous stem cell transplant recipients. In 
bone marrow transplant recipients, the incidence of 
pulmonary toxoplasmosis varies markedly, from 0.28% 
to 4% of patients [15]. The infection rate is highest in 
countries where the prevalence of toxoplasmosis is 
high in the general population. However, when only 
seropositive recipients are considered, the incidence 
ranges from 1.9% to 5.7% [16]. The main risk factors 
are pretransplantation seropositivity of the recipient, 
allogeneic transplant, and graft versus host disease 
(requiring intensified immunosuppressive therapy) [2]. 
Myeloablative conditioning and conditioning with 
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high-dose total body irradiation increase the risk of T. 
gondii reactivation [17]. Of note, alentuzumab, a new 
agent to treat lymphoproliferative disorders, might 
increase the risk of opportunistic infections via lysis of 
lymphocytes and other CD52-expressing cells through 
complement activation and antibody-dependent cell-
mediated toxicity [18, 19]. In a review of 81 allogeneic 
stem cell transplant recipients with toxoplasmosis 
[16], the median time to disease onset was 2 months 
after transplantation. Fewer than 10% of cases occurred 
during the first month and fewer than 15–20% after 
day 100.

In bone marrow transplant recipients, disseminated 
toxoplasmosis carries a poorer prognosis than does 
cerebral toxoplasmosis, with a 5.28-fold increase in 
the odds of dying [20]. Of 55 patients with dissemi-
nated toxoplasmosis after bone marrow transplanta-
tion, only four survived, yielding a 93% mortality rate. 
This poor prognosis emphasizes the need for appropri-
ate primary prevention in individuals at risk for the 
disease. Pulmonary toxoplasmosis is usually related to 
dissemination from another site rather than as the only 
disease location.

29.2.1  Clinical Presentation

The clinical presentation is relatively nonspecific. 
Fever is usually present, and dyspnea and cough are 
reported in one-third of cases. Chest roentgenographs 
generally show diffuse interstitial infiltrates (see 
Sect. 19.6.4), but micronodular or nodular infiltrates 
are common also. Less common findings include 
cavitary infiltrates, lobar pneumonia, and pleural 
effusion [21].

High-resolution CT usually shows bilateral ground-
glass opacities with superimposed septal thickening 
and intralobular linear opacities [21].

Since the central nervous system is the most typi-
cal target of toxoplasmosis, neurological abnormali-
ties are common, although nonspecific. They may 
include mental status changes and seizures with or 
without focal deficits [20]. Chorioretinitis may 
occur also.

The clinical picture is frequently associated with 
multiple organ failure, in particular acute respira - 
tory distress syndrome, shock, and severe acute 

thrombocytopenia due to disease dissemination 
[22, 23] or hemophagocytic syndrome [1].

The first step of the diagnosis of toxoplasmosis in 
patients with hematological malignancies takes place 
before the development of deep immunosuppression. 
Since clinical toxoplasmosis usually results from reac-
tivation of chronic infection, a serological test for T. 
gondii should be performed. Seropositive patients are 
at risk for reactivation, while seronegative patients are 
not, as they have no cysts in their brain and muscles 
[16]. Although primary prophylaxis with sulfamethox-
azole/trimethoprim is not always effective in prevent-
ing toxoplasmosis, absence of such prophylaxis after 
bone marrow transplantation supports a diagnosis of 
toxoplasmosis. Proof of chronic infection consists in 
the detection of specific anti-T. gondii IgG in periph-
eral blood.

When pulmonary toxoplasmosis is suspected in a 
previously seropositive patient with a hematological 
malignancy, the responsibility of T. gondii in the lung 
lesions must be confirmed. Extremely high levels of 
serum lactate dehydrogenase have been reported in 
patients with severe T. gondii pneumonia or dissemi-
nated disease and should prompt specific diagnostic 
procedures. The demonstration of tachyzoites by 
microscopic examination of the sputum [24], bron-
choalveolar lavage fluid, or bone marrow aspirates 
remains the simplest means of establishing the diag-
nosis. Now, the diagnosis can also be made using 
real-time PCR on blood, cerebrospinal fluid, or, more 
invasively, from fluid recovered after fiberoptic bron-
choscopy and bronchoalveolar lavage [24, 25]. The 
most efficient technique to date for T. gondii detec-
tion is PCR [16, 23]. PCR is sufficiently sensitive to 
detect very small amounts of parasite, and quantita-
tive real-time techniques can estimate the parasite 
load in lungs and help to monitor treatment efficacy, 
although no validated reference standard exists for 
interpreting the results. Thus, whatever the technique 
used, the presence of T. gondii in pulmonary samples 
from a patient with a hematological malignancy con-
stitutes proof of pulmonary toxoplasmosis. However, 
the diagnosis of toxoplasmosis is often more complex 
in these patients. Lung involvement with T. gondii 
can also be strongly suspected when suggestive clini-
cal and imaging signs are present and PCR in the 
peripheral blood or antibody titer changes over time 
indicate parasite dissemination [8].
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29.3  Strongyloidiasis

Strongyloidiasis is present in temperate, tropical, and 
subtropical climates. It is endemic in sub-Saharan 
Africa, the West Indies, South America, Southeast 
Asia, Bangladesh, Pakistan, and the southeastern 
United States, as well as in eastern European countries 
such as Romania and the Mediterranean countries [3, 
4]. The global prevalence of strongyloidiasis is unclear 
and varies between 30 million and 100 million people 
infected [3]. The overall rate of S. stercoralis infection 
was 1 per 10,000 patients with newly diagnosed cancer 
in the United States [26, 27].

Hyperinfection occurs when immune suppression 
develops in a patient who has chronic strongyloidia-
sis. Although malnutrition remains the major sec-
ondary cause worldwide, in the developed world 
iatrogenic immune suppression is an important 
precipitant.

Transplant recipients are at risk for developing S. 
stercoralis hyperinfection syndrome related to chronic 
intestinal S. stercoralis infection, acquisition of pri-
mary S. stercoralis infection in endemic areas, or 
transmission via an allogeneic transplant. Progression 
of chronic intestinal infection present before transplan-
tation appears to be the most common mechanism. The 
low rate of strongyloidiasis after hematopoietic stem 
cell transplantation can be explained by routine screen-
ing for the parasite and the use of prophylactic treat-
ment before transplantation.

As with toxoplasmosis, the detection of chronic S. 
stercoralis infection before deep immunosuppression 
develops is crucial to prevent reactivation of the para-
sitic disease [3, 28]. Screening for chronic strongy-
loidiasis involves careful history-taking with attention 
to all trips to possibly endemic areas and to clinical 
symptoms consistent with strongyloidiasis. Laboratory 
screening involves serological testing for specific IgG 
antibodies, as peripheral eosinophilia may be intermit-
tent [29, 30]. An enzyme-linked immunosorbent assay 
(ELISA) for detecting serum immunoglobulin G (IgG) 
against filariform S. stercoralis larvae has 95% sensi-
tivity and negative predictive value. However, the S. 
stercoralis antibody test can show cross-reactivity with 
other helminth infections, such as filariasis, ascariasis, 
and schistosomiasis, leading to poor specificity of the 
test. In addition, S. stercoralis antibody testing cannot 
discriminate between past and current strongyloidiasis 

[12]. Finally, S. stercoralis antibody testing can be 
falsely negative in immunocompromised patients.

The detection of parasite larvae in stool samples 
remains of main importance, although sensitivity is 
low if a single sample is tested. Detection relies chiefly 
on microscopy in routine practice, but molecular tech-
niques are being developed and have produced promis-
ing results [31]. Stool sample examination (ideally 
three different samples) should be repeated if possible 
in an expert laboratory, as this increases sensitivity to 
60–70% and perhaps higher in immunocompromised 
patients, which is worth the additional time needed. 
Concentration techniques such as the Baermann tech-
nique and stool culture technique must be used to 
increase the sensitivity of the test (Fig. 29.3).

29.3.1  Clinical Presentation

The first step is careful history-taking for a history of 
stays in endemic regions and of S. stercoralis infesta-
tion. More than 50% of patients infected with S. sterc-
oralis are asymptomatic, and 75% have fluctuating 
mild (5–15%) eosinophilia [32]. Other rare but classi-
cal symptoms involve the skin, gastrointestinal tract, 
and respiratory system. The typical skin lesion is a 
migratory, serpiginous, urticarial rash (larva currens or 
creeping larvae) due to larvae invading the skin, par-
ticularly of the buttocks, trunk, and inguinal regions. A 
history of intermittent hypereosinophilia, especially 
before immunosuppressive treatment initiation, should 
be sought carefully.

Fig. 29.3 Rhabditoid larvae of Strongyloides stercoralis in stool 
(Photograph P. Le Pape for ANOFEL, with permission)
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Hyperinfection syndrome develops when immuno-
suppression allows intensification of the normal life 
cycle of the parasite, causing massive increases in the 
amounts of larvae produced. The larvae proliferate 
massively in the duodenum, migrate through the bowel 
wall, and travel through the venous system to the lungs 
and back to the small bowel.

This can produce worsening pulmonary function 
impairments that start with wheezing and, in some 
patients, progress to acute respiratory distress syn-
drome, frequently accompanied by intra-alveolar hem-
orrhage leading to intractable respiratory failure and 
death. Gastrointestinal symptoms, such as dyspepsia, 
diarrhea, constipation, severe ileus, and gastrointesti-
nal bleeding, may occur concomitantly. Hyperinfection 
syndrome is frequently accompanied with gram-nega-
tive enteric bacteremia caused by larvae migrating 
from the bowel through the venous system. S. stercor-
alis dissemination through the venous system to other 
locations in the body may also result in bacterial trans-
location to other organs, causing meningitis, cholecys-
titis, or liver abscesses. The presence of gram-negative 
sepsis is in itself life-threatening and may obscure the 
presence of disseminated S. stercoralis infection. 
When hyperinfection syndrome is suspected, the diag-
nosis must be made without delay. In this situation, 
there is usually no eosinophilia. The chest X-ray shows 
diffuse alveolar infiltrate consistent with intraalveolar 
hemorrhage. The presence of concurrent bacterial or 
fungal sepsis complicates the diagnosis of strongyloid-
iasis. The medical biologist must be informed of the 
suspected diagnosis. The techniques used are very 
simple and easy to perform, as the larval lung burden 
is high. Direct microscopic examination of wet mount 
preparations of sputum or bronchoalveolar lavage fluid 
is sufficient to establish the diagnosis and can be per-
formed in any medical laboratory.

29.4  Treatment of Strongyloidiasis  
and Toxoplasmosis

Acute disseminated infections caused by these two 
parasites require the prompt administration of antipar-
asitic drugs and the discontinuation or reduction of the 
immunosuppressive treatments if possible. Empiric or 
preemptive treatment is often needed before the diag-
nosis is confirmed. In this situation, the antiparasitic 

treatment is usually combined with an antibiotic or 
antiviral agent.

29.5  Toxoplasmosis

The currently recommended anti-T. gondii drugs act 
against the tachyzoites and therefore do not eradicate 
the encysted forms. Consequently, secondary prophy-
laxis is required. Extensive studies in patients with 
AIDS have evaluated the treatment of toxoplasmosis, 
most notably manifesting as encephalitis or brain 
abscesses. This experience has been extrapolated to 
other immunodeficient patients.

The treatment combines either sulfadiazine or clin-
damycin with pyrimethamine. Pyrimethamine is a 
folic acid antagonist whose main common side effect 
is dose-related bone marrow suppression. Folinic acid 
should be administered concomitantly and blood cell 
counts checked twice a week. An oral 200-mg loading 
dose is recommended followed by 50 (<60 kg) to 70 
mg (>60 kg) per day orally. No intravenous form is 
available.

Pyrimethamine should be combined with sulfadiaz-
ine or clindamycin. Sulfadiazine acts synergistically 
with pyrimethamine as a folic acid antagonist. 
Crystalluria and oliguria with renal failure should be 
prevented by hyperhydratation. Skin rash is the most 
common side effect and may be life threatening. 
Desensitization protocols have been successful in 
allergic patients who required sulfadiazine. The dos-
age is 1,000 mg (<60 kg) to 1,500 mg (>60 kg) orally 
every 6 h. No intravenous form is available. 
Clindamycin is an antibiotic that inhibits protein syn-
thesis and seems to act by targeting translation in the 
T. gondii apicoplast. The main adverse reactions to 
clindamycin include rash, nausea, vomiting, and diar-
rhea, which may be associated with Clostridium dif-
ficile. Clindamycin can be administrated orally or 
intravenously. The dosage is 600 mg every 6 h by 
either route.

29.5.1  Possible Alternative Regimens

Trimethoprim-sulfamethoxazole can be used as an 
alternative to pyrimethamine.
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Other drugs such as atovaquone (1,500 mg orally 
twice a day), dapsone (100 mg orally once a day), 
azithromycin (900–1,200 mg once a day), or clarithro-
mycin (500 mg every 12 h) can be used in combination 
with pyrimethamine. These combinations are less 
effective than pyrimethamine plus sulfadiazine or 
clindamycin.

29.5.2  Management of Pulmonary 
Toxoplasmosis in Hematopoietic 
Stem Cell Transplant Recipients

Due to the diagnostic difficulties and considerable 
mortality related to disseminated toxoplasmosis, pre-
emptive treatment must be initiated at symptom onset. 
Thus, PCR monitoring of T. gondii is extremely useful 
in these patients. In their review, Sing et al. [25] showed 
that about half the patients died within 3 days after pul-
monary symptom onset.

No data are available to determine the optimal drug 
combination for treating pulmonary toxoplasmosis. 
Extrapolating from previous experience supports the 
use of pyrimethamine plus sulfadiazine. In the most 
severe forms, if gastrointestinal absorption may be 
impaired, intravenous clindamycin should used instead 
of oral sulfadiazine. Adjunctive corticosteroid therapy 
needs further evaluation. The time to clinical response 
remains to be evaluated. The changes at the end of the 
first week are of crucial importance; ideally, the patient 
should be clinically improved, with negative PCT tests 
in blood and bronchoalveolar lavage fluid and fading 
of the radiographic infiltrates. The optimal treatment 
duration is unknown, and the drugs are often given for 
6–8 weeks.

After successful primary treatment, maintenance 
therapy or secondary prophylaxis is required with lower 
drug doses (half the initial dosage for pyrimethamine, 
sulfadiazine or clindamycin). The duration of the main-
tenance therapy depends on many factors, such as 
immune recovery of the patient, engraftment, graft-
versus-host-disease prevention or treatment with 
 immunosuppressive drugs, and whether the immuno-
suppressive drug regimen was interrupted. After toxo-
plasmosis treatment, hematopoietic stem cell recipients 
should continue to receive suppressive doses of 
trimethoprim-sulfamethoxazole or an alternative reg-
imen for the duration of their immunosuppression 

(bone-marrow transplant guidelines). Intolerance to the 
treatment is frequent and may lead to poor patient 
adherence to maintenance therapy.

29.5.3  Primary Prophylaxis

Prophylaxis with trimethoprim-sulfamethoxazole 
has been proven effective against T. gondii reactiva-
tion in AIDS patients and can be used after  allogeneic 
bone marrow transplantation. High trimethoprim-
sulfamethoxazole dosages may be more effective 
than low dosages [33]. In part because trimethoprim-
sulfamethoxazole may depress hematopoiesis, T. 
gondii prophylaxis is rarely used now in bone  marrow 
transplant recipients, even those at highest risk, and 
there is no evidence to support such prophylaxis. 
Nevertheless, clinical observation shows that dis-
seminated toxoplasmosis may develop in patients 
who do not receive chemoprophylaxis, in keeping 
with data on AIDS. Thus, routine chemoprophylaxis 
in high-risk patients may effectively prevent toxo-
plasmosis reactivation in bone marrow transplant 
recipients [34].

In practice, because reactivation of chronic infec-
tion is the most common cause of toxoplasmosis after 
allogeneic hematopoietic stem cell transplantation, 
patients who are seropositive should receive prophy-
laxis (Table 29.1). Post-transplantation serological 
testing is not helpful in this group of patients because 
the results may be affected by the use of intravenous 
immunoglobulins or by hypogammaglobulinemia. 
Therefore, pre-transplantation serological testing is 
crucial.

Very few cases of toxoplasmosis related to trans-
mission by the donor have been reported. Serological 
tests ensure the early diagnosis, allowing early pre-
emptive therapy.

29.6  Strongyloidiasis

All people infected with S. stercoralis should be treated 
to eradicate the infection.

Three drugs are available, ivermectin, 200 mg/kg 
once daily; thiabendazole, 25 mg/kg twice daily; and 
albendazole, 400 mg twice daily.
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29.6.1  Management of Hyperinfection  
or Disseminated Infection

Ivermectin 200 mg/kg orally once a day is the most effi-
cient drug. The treatment must be continued for at least 
7 days until the larvae are no longer detected in stool, 
sputum, and urine. Broad-spectrum antibiotics with 
activity against enteric organisms should be given also.

Paralytic ileus may impair the absorption of iver-
mectin, even after nasogastric tube administration. 
Subcutaneous injections of veterinary preparations 
have been successful, whereas oral therapy has failed.

The combination of ivermectin and albendazole has 
been used successfully to treat disseminated strongy-
loidiasis.

The treatment must be repeated if the infection is 
not eradicated (presence of larvae in stool 2 weeks 
after treatment completion).

29.6.2  Preventive Therapy

Candidates for allogeneic or autologous hematopoietic 
stem cell transplantation should avoid contact with 
soil, beaches, or other surfaces that might be 

contaminated by human feces. Health-care workers (in 
hospitals or institutions) should wear gloves when 
working with patients or in areas with possible fecal 
contamination.

29.6.3  Preventing Disease  
and Disease Recurrence

Candidates for allogeneic hematopoietic stem cell 
transplantation or immunosuppressive chemotherapy 
should be screened for S. stercoralis using serological 
tests and eosinophil counts, especially those who have 
visited or lived in endemic areas or who have HTLV1 
infection (which impairs the Th2 immune response). 
The same recommendations apply to autologous 
hematopoietic stem cell transplantation, although 
strongyloidiasis is rarely reported in association with 
this procedure.

Empiric treatment with ivermectin (200 mg/kg/day 
orally for 2 consecutive days then repeat after 2 weeks) 
is required even if multiple stool examinations are neg-
ative. Alternative treatments consist of albendazole 
400 mg orally twice daily for 7 days and thiabendazole 
25 mg/kg (maximum 3 g/day) orally bid for 2 days. A 

Indication First Choice Alternatives

Prophylaxis among seropositive 
allogeneic HSCT recipients

Trimethoprim-sulfamethoxazole Clindamycin plus pyrimethamine plus 
leucovorin

Note: Start after engraftment and 
administer as long as patients 
remain on immunosuppressive 
therapy (i.e., generally, until 6 
months after HSCT)

Adults/adolescents: Adults/adolescents

One double-strength (160/800 mg) tablet orally 
once daily; or

Clindamycin: 300–450 mg orally every 
6–8 h; plus pyrimethamine: 25–75 mg 
orally once daily; plus leucovorin: 
10–25 mg orally once daily

One single-strength (80/400 mg) tablet orally  
once daily; or

One double-strength tablet orally three  
times/week

Pediatrics: Pediatrics:

150 mg trimethoprim/750 mg sulfamethoxazole/
m2/day by mouth with any of the following 
schedules: two divided doses three times/week on 
consecutive days; or a single dose orally three 
times/week on consecutive days; or two divided 
doses daily for 7 days; or two divided doses three 
times/week on alternate days

Clindamycin: 20–30 mg/kg/day by 
mouth, in four divided doses; plus 
pyrimethamine: 1 mg/kg orally daily; 
plus leucovorin: 5 mg orally every 
3 days

Table 29.1 Toxoplasmosis prophylaxis among seropositive allogeneic hematopoietic stem cell transplant (HSCT) recipients
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total of three stool examinations is required if the sero-
logic tests are negative and strongyloidiasis is sus-
pected clinically.

To prevent recurrences, parasite clearance should 
be controlled by performing three or more stool exam-
inations. Chemoprophylaxis is not recommended after 
hematopoietic stem cell transplantation to prevent 
strongyloidiasis recurrence, because data are lacking.

29.6.4  Clinical Vignette

29.6.4.1  Disseminated Toxoplasmosis

A 40-year-old women with a history of idiopathic 
medullary aplasia received an HLA-identical periph-
eral blood stem cell transplant on October 25 (day 0) 
after conditioning with fludarabine (52.5 mg), cyclo-
phosphamide (3,720 mg), and anti-CD52 antibodies 
(30 mg) (chest X-ray A).

She received cyclosporine and mycophenolate for 
prevention of graft-versus-host disease. The pretrans-
plant IgG anti-T. gondii titer for toxoplasmosis was 
8 IU/mL (positive if >7 IU/mL), with no IgM anti-
bodies. Aerosolized pentamidine was given for 
Pneumocystis pneumonia prophylaxis because of a 

previous cutaneous reaction to sulfonamides. On day 
18, her blood leukocyte count reached 2,000/mm3. On 
day 20, a fever developed and persisted despite broad-
spectrum antimicrobials. On day 22, she had a blood 
leukocyte count of only 500/mm3 with thrombocytope-
nia. A skin reaction consistent with graft-versus-host 
disease prompted intensification of the corticosteroid 
therapy. Cytomegalovirus antigenemia was positive 
(19 cells), and she was given the antiviral gancyclovir. 

a

b

c
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The chest X-ray (B) was considered unchanged. A 
fever of 38°C persisted without any other findings 
except persistent cytomegalovirus antigenemia. 

On day 30, rapid onset of severe tachypnea and 
hypoxia required ICU admission and noninvasive 
mechanical ventilation. The chest X-ray (C) showed 
bilateral alveolar infiltrates. The echocardiogram dis-
closed a moderate pericardial effusion and diffuse 
hypokinesia. 

On day 31, she had two episodes of seizures and 
required intubation. All microbiological tests were 
negative. The Giemsa stain on bronchoalveolar lavage 
fluid was negative. A second bronchoalveolar lavage 
performed on day 42 because of clinical deterioration 
showed T. gondii tachyzoites.

Retrospective PCR analysis of bronchoalveolar 
lavage fluid obtained on day 31 was positive. Tests for 
IgM antibodies were negative.

Treatment with pyrimethamine and clindamycin 
was started, but the patient died on day 59 from mul-
tiple organ failure and fungal superinfection.
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30.1 Introduction

Patients with hematological malignancies are at 
increased risk for infection with Mycobacterium tuber-
culosis and nontuberculous mycobacteria (NTM), which 
usually (but not consistently) manifest as pulmonary 
disease [1, 4, 9, 21, 93, 98]. Tuberculosis (TB) may be 
either active or latent. Latent TB is clinically silent and 
is not contagious, but can undergo reactivation when the 
malignancy or treatment causes immunosuppression 
[23]. Patients should be evaluated and sometimes treated 
for latent TB infection when they are diagnosed with 
immunosuppressive conditions or before starting treat-
ment with immunosuppressive agents such as corticos-
teroids or monoclonal antibodies [67]. Both TB and 
NTM infection may progress rapidly to severe dissemi-
nated disease in immunocompromised patients, making 
the early diagnosis crucial, as specific antimicrobial 
agents must be given [40, 47, 96, 107, 110].

30.2   Incidence and Risk Factors of 
Tuberculosis in Patients with 
Hematological Malignancies

The incidence of mycobacterial infections in patients 
with hematological malignancies largely depends on 
the background incidence in the community and ranges 
from ninefold to 22-fold of that in the general popula-
tion [10, 56, 97]. TB prevalence in these patients ranges 
from less than 1% to more than 10% [93]. Reactivation 
of latent TB is common and often causes severe dis-
seminated disease [96]. When TB occurs as a complica-
tion of diagnosed hematological malignancies, the mean 
time from chemotherapy completion to development of 
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TB is 3–20 months [1, 4, 56]. TB does not usually delay 
chemotherapy and, once treated, rarely flares up during 
subsequent chemotherapy cycles [65].

Among hematological malignancies, acute leuke-
mia has the strongest association with TB [56, 65]. A 
high index of suspicion should be maintained in 
patients with acute leukemia living in areas of TB 
endemicity [4, 97]. In adults, TB is more common in 
acute myeloid leukemia than in acute lymphoblastic 
leukemia, despite the use of steroids and radiotherapy 
to treat this disease. TB is also common in patients 
with hairy cell leukemia, chronic myelogenous leuke-
mia, chronic lymphocytic leukemia, multiple myeloma, 
Hodgkin’s and non-Hodgkin’s lymphoma, and myelo-
dysplastic syndrome [1, 4, 38, 56, 64, 69, 93, 97]. 
Among lymphomas, nodular sclerotic Hodgkin’s dis-
ease has the strongest association with TB [62]. 
Tyrosine kinase inhibitors and monoclonal antibodies 
used to treat hematological malignancies have been 
associated with TB (Table 30.1) [9, 18]. In chronic TB, 
CD8+ T-cells assist macrophages in controlling the 
intracellular mycobacteria via a mechanism orches-
trated by the T-cell receptor. The tyrosine kinase inhib-
itor imatinib affects T-cell receptor signal transduction, 
suggesting a mechanism by which imatinib might 
increase the risk of TB reactivation [18]. Also, in areas 

of TB endemicity, patients scheduled to receive the 
monoclonal antibody alemtuzumab should undergo a 
careful initial evaluation to determine whether prophy-
lactic anti-TB therapy is in order [9].

Identification of risk factors for TB may be useful 
for TB prevention and earlier TB diagnosis. Risk fac-
tors for TB in patients with hematological malignan-
cies include malnutrition; age older than 50 years; 
corticosteroid therapy; cytotoxic agents, particularly 
fludarabine; radiotherapy, a history of active TB; and 
residing in an endemic area (Table 30.1) [4, 6, 93]. 
Intravenous cytotoxic chemotherapy is associated with 
earlier and more disseminated TB infection compared 
to oral cytotoxic chemotherapy [4]. Routine screening 
of patients for latent TB infection and exclusion of 
active disease prior to cancer chemotherapy initiation 
may be discussed in endemic areas [17, 67]. 
Prophylactic anti-TB treatment of patients with a his-
tory of TB should help to minimize the risk of TB 
reactivation [4, 10, 96]. Chemotherapy solutions may 
undergo contamination with the BCG when prepared 
under biosafety hoods also used to prepare BCG solu-
tions for bladder cancer treatment [111].

30.3  Clinical Presentations 
of Tuberculosis in Patients 
with Hematological Malignancies

Although the lungs are involved in 70–90% of TB cases 
in patients with hematological malignancies [1, 93], 
dissemination to other sites is common [19, 46, 69]. 
Disseminated TB with miliary lung densities and pleu-
ral effusions develops in 10–15% of patients [1, 44, 46]. 
Risk factors for disseminated TB include advanced age, 
female sex, immunosuppression, diabetes mellitus, and 
weight loss (Table 30.1) [29, 107]. Disseminated TB 
may produce a variety of nonspecific symptoms, such 
as fever of unknown origin, anorexia, malaise, weight 
loss, cough, night sweats, headache, neck stiffness, 
choroid tubercles, altered mental status, abdominal 
pain, and hepatosplenomegaly [29, 63, 69]. Therefore, 
a high index of suspicion should be maintained so that 
appropriate investigations are conducted promptly. 
Disseminated TB is curable provided the diagnosis is 
made early and the treatment initiated promptly [4, 29, 
63, 69, 107]. Specific treatment of macrophage activa-
tion syndrome may help to prevent associated organ 

1.  The primary disease causing reduced immunity; 
particularly in relapse

2. Old age

3. Cytotoxic chemotherapy

4. Corticosteroid therapy

5. Radiotherapy

6.  Other immunosuppressive therapies, e.g., monoclonal 
antibodies, tyrosine kinase inhibitors, etc.

7.  Other comorbidities, e.g., diabetes mellitus, malnutrition, 
weight loss, etc.

8. Hematopoietic stem cell transplant:

 (a) Graft-versus-host disease; acute and chronic

 (b) T-cell depletion

 (c) Matched unrelated allografts

 (d)  Total body irradiation and cyclophosphamide 
conditioning

 (e) Bronchiolitis obliterans

Table 30.1 Risk factors for mycobacterial infections in patients 
with hematologic malignancy
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dysfunction. In patients with advanced hematological 
malignancies, 27% of cases of disseminated TB are 
diagnosed at autopsy [29].

Pulmonary TB may manifest as TB pneumonia or 
cavitation. In a study in hematopoietic stem cell trans-
plant (HSCT) recipients, the most common presenting 
symptom was a fever in TB pneumonia and hemoptysis 
in TB cavitation. Cavitation was often located in the 
upper lobes and diagnosed early, whereas TB pneumonia 
was randomly distributed and often diagnosed late [54]. 
TB infection shares similar clinical and radiological fea-
tures to those seen in infections due to NTM [10].

30.4 Diagnosis of Active Tuberculosis

30.4.1 Clinical Manifestations

The early diagnosis of TB is particularly important in 
patients with hematological malignancies, given the 
high risk of severe and rapidly progressive dissemi-
nated disease [107]. Careful attention should be given 
to clinical symptoms such as persistent cough, 
pyrexia, night sweats, dyspnea, hemoptysis, or chest 
pain [41, 42, 93]. However, these symptoms are not 
specific and may overlap with those of the hemato-
logical malignancy, and the immunodeficiency may 
attenuate the symptoms of TB. Therefore, a high level 
of suspicion is crucial [2, 19, 93, 97].

30.4.1.1 First-Line Investigations

Sputum smear examination is the mainstay of the diag-
nosis of pulmonary TB, but is often negative in immu-
nocompromised patients. Furthermore, staining does 
not differentiate M. tuberculosis from NTMs [90, 100].

Once TB is suspected, a chest radiograph should be 
obtained [19]. Findings vary widely and may include 
areas of consolidation consistent with pneumonia, fine 
reticulonodular shadows consistent with pulmonary 
fibrosis, calcification, pleural effusions, lymph node 
enlargement, basal atelectasis, cavity formation, and 
miliary shadows (Figs. 30.1, 30.2 and 30.4). However, 
the chest radiograph is normal in a substantial propor-
tion of patients [4, 44, 63, 69, 102].

Routine laboratory tests may show a variety of 
abnormalities. Anemia is common and is usually mild 
and responsive to anti-TB treatment, although a hemo-
lytic or immune mechanism may be involved [55, 72, 94]. 
Other hematological abnormalities may include leuko-
cytosis, neutrophilia, lymphocytosis, lymphocytope-
nia, monocytosis, monocytopenia, thrombocytosis, 
and thrombocytopenia [4, 55, 66, 70, 94]. Immune 
thrombocytopenic purpura, thrombotic thrombocy-
topenic purpura, and hemophagocytic syndrome have 
been reported [72, 106]. Hematological abnormalities 
may be associated with a poor prognosis [35, 37]. 
Other abnormalities reported in patients with TB and 
possibly mediated by macrophage activation syndrome 
include elevated erythrocyte sedimentation rate; high 
serum levels of ferritin, vitamin B

12
, alkaline phos-

phatase, and lactic dehydrogenase; low serum levels of 
albumin, sodium, and calcium; hypoxemia; and 
hyponatremia. Another possible feature is liver dys-
function, mainly in the form of hepatic transaminase 
elevation [29, 37, 58, 63, 69, 70, 109].

The tuberculin skin test (TST) may be positive in 
about one-third of cases, although this may indicate 
infection with other mycobacterial species or vaccination 
with the BCG [18, 63]. Two interferon-gamma release 
assays (IGRAs) intended for use on blood samples have 
emerged as alternatives to the TST [13, 52, 82]. In 
patients with TB, interferon-gamma [INF-g] is released 
from T-cells after stimulation with specific TB antigens 
(ESAT-6 and CFP-10) that are highly specific for M. 
tuberculosis but absent from the BCG and most NTMs 
[13, 19, 52, 81, 82]. A positive result indicates a cellular 
immune response to M. tuberculosis. Although IGRAs 
were designed to detect latent TB, they may assist in the 
diagnosis of active TB in immunocompromised individ-
uals. However, a negative result does not rule out active 
TB [19].

30.4.1.2 Other Investigations

CT of the chest may rapidly provide valuable clues 
to the diagnosis of TB and allows an accurate assess-
ment of the extent, pattern, and sites of TB infec-
tion, and provides information on complications 
such as cavities, bronchogenic spread, bronchiecta-
sis, and aspergillomas (Fig. 30.2) [51, 102]. Serial 
CT scans are helpful in monitoring disease progres-
sion [51]. However, CT of the lung may lack 
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accuracy in febrile immunocompromised patients 
because of the absence of the typical cavitary con-
solidations of TB [22]. On positron emission tomog-
raphy (PET) scans, pulmonary tuberculomas are 
commonly visible as foci of increased uptake. 
Therefore, in regions of TB endemicity, positive 
PET scan results may indicate TB rather than lung 
involvement by the malignancy [32].

In patients with pulmonary TB, cultures of sputum 
and bronchoalveolar lavage (BAL) fluid may recover 

the organism. BAL is a good alternative to more inva-
sive investigations that are risky in these frail patients 
[15, 73]. When the infection is disseminated, blood and 
bone marrow cultures may be positive, and histological 
examination of biopsies from lymph nodes, bone mar-
row, and/or the liver may show the organism and/or 
granulomas [63, 69]. Thus, bone marrow examination 
usually shows decreased iron stores, histiomonocytosis, 
granulomas without giant cells, a positive Ziehl–Neelsen 
stain, and positive cultures (Fig. 30.3) [35, 58, 63, 69].

a

b

c

Fig. 30.1 (a) Bilateral hilar lymphadenopathy and scarring of 
upper lobe of left lung. (b) Tuberculous consolidation involving 
right upper lobe. (c) Cavitation of upper lobe of the right lung 

due to tuberculosis. Figure 30.1 shows various radiological 
appearances of pulmonary tuberculosis
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Axial mediastinoscopy may deserve consideration 
in selected patients with lesions in the axial medias-
tinum, given its good yield, low cost, and few contra-
indications. A large retrospective study of axial 
mediastinoscopy in patients with various mediastinal 
lesions, including TB and lymphoma, showed that 
global sensitivity, global specificity, accuracy, and 
mortality were 94%, 100%, 95%, and 0.0%, respec-
tively [80].

Recent studies have shown that elevated CA-125 
levels are found in several infections, including TB. 
The CA-125 level can serve as a marker of the 
 treatment response and as an indicator of disease 
activity [113].

30.4.1.3 New Tests for Tuberculosis

Many tests for TB have low sensitivity and specificity, 
and cultures require at least 3 weeks to become posi-
tive. Therefore, the development of new rapid tests 
has generated considerable interest. New versions of 
nucleic acid amplification (NAA) assays, immune-
based assays, a skin patch test, and rapid culture sys-
tems have been introduced [76]. NAA assays are 80% 
sensitive but are highly specific, particularly with 
respiratory specimens [19]. Their sensitivity is too 
low and too variable to rule out TB in the event of a 

Fig. 30.3 Shows Ziehl-Nelsen stain for acid-fast bacilli on a 
lung biopsy specimen

a

b

Fig. 30.2 (a) CAT scan showing upper lobe consolidation and a 
solitary nodule. (b) CAT scan of lungs showing diffuse miliary 
micronodular shadows. Figure 30.2 shows various CAT scan 
appearances in pulmonary tuberculosis

Fig. 30.4 Shows an Aspergillus ball in a tuberculous cavity on 
a chest X-ray
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negative result, especially in paucibacillary disease 
with negative smears [30, 57, 74]. Nested PCR-
restriction fragment length polymorphism analysis 
focusing on the hsp 65 gene performed well on 204 
smear-positive and culture-positive sputum specimens 
[114]. The new molecular techniques are expected to 
complement rather than to replace conventional diag-
nostic tools. Further studies are needed to assess per-
formance and to standardize assay procedures. Then 
guidelines will have to be developed on how best to 
use the new tools. Cost-effectiveness and economic 
constraints will have to be evaluated, particularly in 
low-income countries [100].

Serological (antibody-mediated) tests have been 
available for many years, although no guidelines 
recommend their use for diagnosing TB [19]. 
Published data on commercial serological tests pro-
vide inconsistent estimates of sensitivity and speci-
ficity. Combinations of carefully selected peptides 
derived from highly immunogenic proteins are 
being evaluated for use in immunodiagnostic tests 
for TB [90].

New tests are being developed for use in the labora-
tory. For instance, nucleic acid probes can be used to 
identify cultured organisms. Several new tests assist in 
detecting drug resistance [77, 100].

30.4.1.4 Therapeutic Trial

Despite recent improvements in clinical and labora-
tory methods, the diagnosis of mycobacterial infec-
tions may still take weeks [10]. Microbiological 
studies may be negative in one-half to three-fourths 
of patients, and histological specimens may fail to 
show acid-fast bacilli (AFB) and typical epithelioid-
cell granulomas with caseation necrosis [4, 19, 46, 62]. 
Thus, many patients receive a presumptive diagnosis 
of TB based on the clinical and radiological manifes-
tations. In this situation, a trial of anti-TB therapy 
may be justified [19, 41]. In patients with TB, the 
response to anti-TB medications is usually prompt 
and dramatic despite the immune system suppres-
sion [4, 38, 41, 46, 62, 65, 97]. If no clinical or 
radiological improvement is achieved within 
2 months, the use of empirical therapy should be 
reevaluated [19].

30.5  Outcomes and Treatment 
of Tuberculosis in Patients 
with Hematological Malignancies

30.5.1 Antituberculous Drug Therapy

30.5.1.1 Antituberculous Drugs

Early appropriate anti-TB treatment is effective [76]. 
However, a fatal outcome has been reported in 5%–10% 
of cases, and in patients who are diagnosed late and 
who have disseminated TB the mortality rate may 
reach 62.5% [2, 4, 46, 62, 65, 93]. Attributable mortal-
ity of TB in patients with hematological malignancies 
has ranged from 21% to 62.5% [4, 21, 93]. Postmortem 
examinations in these patients should include bacterio-
logical and histological studies to establish the correct 
diagnosis [84].

The standard short-course therapy for TB recom-
mended by the World Health Organization (WHO) is 
based on a four-drug regimen that must be strictly fol-
lowed to prevent the acquisition of drug resistance. 
Direct observation of patient compliance is provided 
to ensure effective treatment. M. tuberculosis mutants 
resistant to any single drug are naturally present in any 
large bacterial population, irrespective of exposure to 
drugs. The frequency of mutants resistant to rifampin 
and INH is relatively high, and therefore the large 
extracellular population of actively metabolizing and 
rapidly growing tubercle bacilli in cavitary lesions 
contains organisms that are resistant to a single drug. 
The concomitant administration of multiple drugs is 
consequently crucial to avoid selecting drug-resistant 
mutants [24].

Immunocompromised patients with TB should be 
treated for 9–12 months with INH and rifampin com-
bined initially with ethambutol, streptomycin, or 
pyrazinamide [4, 95]. However, the treatment may 
need to be prolonged if the response is slow, and 
patients should be followed up carefully after the treat-
ment to detect early relapses [95].

The current resurgence of TB, which is mainly 
ascribable to the development of multidrug resistant 
(MDR) and extensively drug-resistant (XDR) strains, 
has increased the need for studies into the molecular 
mechanisms of drug effects and drug resistance, 
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which should provide valuable information for devel-
oping new compounds [24]. Unfortunately, since the 
introduction of rifampin 40 years ago, only two anti-
TB drugs have been marketed, rifabutin and rifapen-
tine [104]. Nonclinical and clinical studies are 
focusing on the development of new and faster-acting 
anti-TB compounds, e.g., moxifloxacin, nitroimida-
zole, oxazolidinones, diarylquinoline, and rifamycin 
derivatives [104, 105]. Unfortunately, the develop-
ment of adjuvant immunotherapy for TB is not pro-
gressing [104].

30.5.1.2 Compliance and Tolerance

Noncompliance with anti-TB treatment regimens 
increases morbidity and mortality rates, perpetuates 
transmission, and generates bacterial resistance. Data 
on the incidence and risk factors of noncompliance 
are needed to design interventions. Risk factors for 
noncompliance include treatment required for more 
than 2 months, low socioeconomic status, age 
between 21 and 30 years, and a history of skipping 
more than two doses. Direct observation of treatment 
may be needed to ensure adequate compliance. 
Another strategy consists of providing support to the 
family and intervening immediately in the event of 
missed doses [12].

Although M. tuberculosis is eradicated rapidly dur-
ing therapy in some patients with pulmonary TB, it 
may persist for many months in others. Tolerance to 
anti-TB medications emerges after prolonged drug 
exposure and may be an important determinant of the 
outcome of TB therapy [112].

30.5.1.3 Side Effects

Major adverse reactions to anti-TB drugs can cause 
significant morbidity and limit the use of anti-TB med-
ications. Risk factors include female sex, age older 
than 60 years, and birthplace in Asia [116]. The inci-
dence of major side effects from first-line anti-TB 
agents was highest with pyrazinamide and lowest with 
ethambutol. More specifically, the rates of hepatotox-
icity and rash were substantially higher with pyrazin-
amide than with other first-line anti-TB drugs and 
higher than previously reported [116].

Anti-TB drug-induced hepatotoxicity is not uncom-
mon and is significantly more frequent in patients with 
pre-existing liver disease, low basal metabolic index, 
and extensive or open pulmonary TB. Early diagnosis 
and treatment is crucial, particularly in developing 
countries where both TB and liver disease are common 
[60]. INH-induced hepatitis is uncommon, but when it 
occurs it resolves completely if the drug is stopped 
early enough. Fatal forms of hepatitis are extremely 
rare if the patients are monitored closely. The overall 
mortality rate from INH hepatotoxicity is less than 
0.01% [17, 88].

Agranulocytosis (pancytopenia) has been 
reported in patients receiving anti-TB treatment. It 
usually develops 1–3 months after starting treat-
ment and is allergic in nature [92]. Leukopenia 
may develop during anti-TB treatment, but does 
not require immediate treatment discontinuation, 
as the leukocyte count recovers spontaneously or 
remains stable during treatment in most instances. 
Patients who develop leukopenia due to anti-TB 
drugs may have weaker natural or acquired immu-
nological responses to TB infection and greater 
vulnerability of bone marrow and hepatic cells to 
anti-TB agents [68].

30.5.1.4 Corticosteroid Therapy

Patients with hematological malignancies often 
receive corticosteroid therapy as part of their antican-
cer regimen [14]. In patients with TB infection, corti-
costeroid therapy is indicated in some forms of 
extrapulmonary disease such as pleurisy, meningitis, 
pericarditis, and adrenal gland infection. Other indica-
tions include endobronchial disease, hypersensitivity 
reactions to drugs or infection, and severe systemic 
manifestations due to pulmonary or extrapulmonary 
infection [7, 14, 28].

The usual prednisone dose is 40–60 mg/day orally 
for 4–6 weeks depending on the system involved, 
after which the dose is tapered gradually [7]. 
Randomized, placebo-controlled studies are required 
to determine the role for corticosteroids in the stan-
dard therapy of TB [7, 14]. Corticosteroids may inter-
act with other medications, e.g., oral contraceptives 
and rifampin [7].
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30.5.1.5 Surgery

In patients with malignant hematological disorders 
and tuberculomas or localized tuberculous pulmonary 
cavitations, surgical resection of the involved segment 
or lobe may be essential not only to eradicate pulmo-
nary TB, especially if the infection is caused by an 
MDR organism, but also to prevent the development of 
further complications such as aspergilloma (Fig. 30.3) 
after further immune depression occurs due to disease 
progression or cytotoxic chemotherapy [6, 99, 101].

30.6 Multidrug Resistant Tuberculosis

The emergence of MDR-TB and, more recently, of 
XDR-TB is a major threat to TB control and eradica-
tion. The prevalences of MDR-TB and XDR-TB are 
inversely proportional to the quality of TB control and 
of second-line anti-TB drug utilization [61]. For some 
MDR-TB and XDR-TB strains, no curative treatment 
is available. Concern that these strains may spread 
around the world is prompting active research into new 
diagnostic tools, anti-TB drugs, and TB vaccines [77]. 
The risk of uncontrollable MDR-TB and XDR-TB 
outbreaks is real considering the current levels of 
financing and commitment to care [61]. Global risk 
factors for MDR-TB include a history of anti-TB treat-
ment and a known contact with a person having drug-
resistant TB [33].

Traditional laboratory methods for detecting drug 
resistance are slow and not generally available outside 
specialized laboratories [33]. Rapid molecular meth-
ods are increasingly used in well-resourced settings, 
and simple cheap alternatives are being developed for 
resource-limited settings [33, 64]. Line-probe assays, 
bacteriophage-based assays, molecular beacons, and 
the microscopic-observation drug-susceptibility assay 
can assist in detecting drug resistance [76, 77, 100].

The prevention of drug-resistant TB rests on opti-
mizing compliance with anti-TB therapy and 
promptly detecting resistant strains [33]. Few data 
are available to guide the drug treatment of resistant 
TB. Well-designed regimens based largely on sec-
ond-line anti-TB drugs can considerably improve 
cure rates [61]. However, new drugs free of cross-
resistance with known antimycobacterial agents are 
urgently needed [105].

30.7 Latent Tuberculosis

30.7.1 Diagnosis of Latent Tuberculosis

Identifying and treating patients with latent TB infec-
tion are crucial to prevent reactivation [23, 81]. Until 
recently, the diagnosis of latent TB infection relied 
solely on the century-old TST, which has a number of 
limitations [13, 52]. In immunocompromised individu-
als, an induration of 5 mm or more is considered posi-
tive [17, 67]. The TST results may be falsely negative 
due to drug therapy or to anergy related to the malig-
nancy [17]. Two-step testing may increase the TST 
yield [67]. The introduction of two IGRAs (T-SPOT.
TB and QuantiFERON-TB gold) is a major advance 
[13, 52, 67, 82]. Immunosuppression does not affect 
the performance of these tests, which can identify a 
large proportion of TB-infected patients with anergy to 
tuberculin [13, 19, 49, 52, 67, 75, 79, 81, 82]. However, 
the QuantiFERON-TB gold test may produce negative 
or indeterminate results in immunocompromised 
patients [49]. IGRAs may be particularly helpful in 
regions where widespread BCG vaccination limits the 
usefulness of the TST [13, 19, 49, 52, 67, 75, 79, 81, 
82]. IGRAs may decrease the unnecessary use of anti-
TB drugs in patients with positive TSTs because of 
BCG vaccination [52, 75].

The Canadian Tuberculosis Committee on IGRAs 
for diagnosing latent TB infection in immunocompro-
mised individuals has issued the following recommen-
dations: (1) TST should be used first; (2) if the TST is 
positive, a diagnosis of latent TB infection is given; (3) 
if the TST is negative and the clinician is still con-
cerned about the possibility of latent TB infection, an 
IGRA test may be performed; (4) if the IGRA result is 
positive, the person may be considered to have latent 
TB infection; and (5) if the IGRA result is indetermi-
nate, the test should be repeated to rule out laboratory 
error [13].

30.7.1.1  Tuberculosis Chemoprophylaxis  
in Patients with Hematological 
Malignancies

Immunosuppressive therapy and leukemia increase the 
risk of progression to active TB. INH chemoprophy-
laxis has been recommended in some groups of 
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immunocompromised patients, including patients with 
hematological malignancies and/or iatrogenic immu-
nosuppression. The usual dosage is 300 mg/day for 
6–12 months [17, 71, 88, 115]. Patients with evidence 
of latent TB who require prolonged high-dose corti-
costeroid therapy (more than 10 mg/day of predniso-
lone) should receive chemoprophylaxis [115]. New 
guidelines recommend INH treatment for 6–9 months 
or rifampin for 4 months or with rifampin plus pyrazi-
namide for 2 months [17].

30.8  Nontuberculous Mycobacterial 
Infections

30.8.1  Diagnosis of NTM Nontuberculous 
Mycobacterial Infections

NTM infection is not a communicable disease, 
although health care-associated outbreaks have been 
reported. M. avium complex (MAC) is the main NTM 
responsible for disease in humans [78, 103]. Lung 
involvement with a chronic productive cough, dysp-
nea, and hemoptysis is the most common presenta-
tion, although any organ can be affected [78]. NTMs 
are often difficult to identify, but repeated culturing of 
various sources including bone marrow may help to 
establish the diagnosis early [40]. When cultures are 
negative but serum alkaline phosphatase is elevated, a 
liver biopsy should be considered. Early diagnosis 
and prompt therapy are important, as NTM infection 
in patients with hematological malignancies may 
manifest as severe disseminated disease. Among 
hematological malignancies, hairy cell leukemia and 
chronic myelogenous leukemia may predispose 
patients more particularly to disseminated NTM 
infection [36, 47, 110].

NTM infection may be difficult to differentiate 
from colonization. Treatment of NTM pulmonary 
infection requires 18–24 months of treatment with 
multiple drugs selected based on the infecting species. 
This drug treatment is expensive, frequently noncura-
tive, and associated with substantial side effects. 
Therefore, it is warranted only in patients with suffi-
cient NTM-related pathology. The likelihood of infec-
tion as opposed to colonization is greater in patients 
receiving intensive cytotoxic chemotherapy and in 

those with previous pulmonary involvement by the 
malignancy. Clinicians must cooperate with microbi-
ologists, pathologists, and radiologists to improve 
treatment outcomes [50, 78, 83].

M. kansasii may cause pulmonary or disseminated 
infection in patients with hematological malignancies. 
A single isolation of the organism may not be clini-
cally significant, and the diagnosis can only be estab-
lished after a second isolation unless the clinical 
situation strongly supports infection. Lung cavitation 
is the main radiological presentation [25, 27]. In a 
study of 12 patients with the slow-growing NTM  
M. lentiflavum, 11 (92%) patients had a hematological 
malignancy [86]. However, slow-growing NTMs are 
very rarely a probable cause of infection. Risk factors 
for infections due to slow-growing mycobacteria are 
severe lymphocytopenia, systemic steroids, and acute 
graft-versus-host disease (GvHD) in hematopoietic 
stem-cell transplant (HSCT) recipients (Table 30.1) 
[86]. Rapidly growing mycobacteria cause coloniza-
tion about eight times more often than they cause true 
infection. Nevertheless, infection with these organisms 
should be considered in patients with pulmonary infil-
trates, particularly those treated with intensive chemo-
therapeutic regimens [83].

30.8.1.1  Treatment of Nontuberculous 
Mycobacterial Infections

NTM infections are usually difficult to treat, as they 
do not respond to traditional anti-TB agents. At least 
three effective drugs are usually required for at least 
12 months after sputum cultures become negative 
[50, 78]. Novel antimicrobial agents including 
clarithromycin and azithromycin were effective in 
three pediatric patients with acute lymphoblastic leu-
kemia and NTM infection [98].

The new macrolides have shown limited effective-
ness in patients with MAC disease [87]. Patients with 
macrolide-resistant MAC isolates have higher mortal-
ity rates than patients with macrolide-susceptible iso-
lates. Since the advent of the new macrolides, no 
substantial progress has been made in the treatment of 
MAC lung disease or NTM infections in general. First-
line treatment offers the best opportunity for a cure, 
and protection against the emergence of macrolide-
resistant MAC isolates is crucial [34]. MAC isolates 
are usually susceptible to clofazidime, cycloserine, 
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and ansamycin and resistant to isoniazid, streptomy-
cin, ethambutol, rifampin, and ethionamide [47].

The pulmonary diseases caused by certain types of 
NTM such as M. kansasii or M. szulgai are usually 
treated with rifampin, ethambutol, and isoniazid, i.e., 
the same regimens that generally lead to satisfactory 
results in patients with TB [87]. Although rifampin-
based conventional and combined chemotherapy is 
usually effective in the treatment of M. kansasii infec-
tions, persistence and recurrence develop in 11% and 
7% of patients, respectively [25, 27, 43]. On the other 
hand, M. lentiflavum is usually susceptible to isoni-
azid, ethambutol, clarithromycin, and amikacin, but 
resistant to rifampin [87].

In patients infected with NTM, the main indications 
for surgical resection are continuous hemoptysis, con-
tinuous productive cough, exacerbation of CXR 
 features, and localized disease that fails medical man-
agement [78, 87].

30.9  Mycobacterial Infections in  
Stem-Cell Transplant Recipients

Cell-mediated immunity is severely impaired in allo-
geneic HSCT recipients due to pre-transplant condi-
tioning regimens, immunosuppressive therapy, and 
GvHD. These patients have a 10- to 40-fold increase in 
the mycobacterial infection rate compared to the gen-
eral population [11, 20, 26, 48].

The incidence of mycobacterial infections varies 
considerably according to the type of HSCT, type of 
infective mycobacteria, and incidence in the local gen-
eral population [3–5, 8, 16, 20, 21, 26, 39, 53, 91, 117]. 
In allogeneic HSCT recipients, it ranges from 0.49% 
to 9.7% [4, 5, 11, 16, 21, 26, 31, 39, 53, 59, 85]. The 
incidence of NTM infections in allogeneic HSCT 
recipients is approximately 1.9% [8]. Among alloge-
neic HSCT recipients, those with acute or chronic 
myelogenous leukemia or myelodysplastic syndrome 
are at highest risk for mycobacterial infections. Other 
risk factors include the use of total body irradiation, 
cyclophosphamide, and busulphan in the conditioning 
regimen; acute or chronic extensive GvHD; corticos-
teroid therapy; T-cell depletion in allografts; mis-
matched allografts or matched unrelated donor grafts; 
and previous history of TB infection (Table 30.1) [4, 5, 
16, 20, 26, 39, 53]. Factors selectively associated with 

NTM infections in HSCT recipients include leukemia 
relapse, mismatched allografts or matched unrelated 
donor grafts, acute GvHD, and bronchiolitis obliterans 
(Table 30.1) [8].

Mycobacterial infections develop within 45–365 days 
after allograft transplantation [4, 5, 11, 16, 20, 39, 53, 
59]. The lungs are involved in 50%–100% of patients  
[4, 5, 8, 11, 20, 39]. Clinical manifestations include 
unexplained pyrexia, cough, dyspnea, and pleuritic chest 
pain. Imaging studies may show air-space consolidation, 
diffuse reticulonodular shadows predominating in the 
upper lobe, tree-in-bud appearance, ground-glass opaci-
ties, cavity formation, and hilar and mediastinal lymph-
adenopathy (Figs. 30.1, 30.2 and 30.4). In the absence of 
prompt treatment, rapid dissemination may occur, with 
severe pyrexia, adult respiratory distress syndrome 
(ARDS), hypotension, hypoxia, sepsis, multiorgan fail-
ure, and death [4, 16, 20, 21, 39, 48, 85, 91, 108]. 
Furthermore, dissemination with prominent extrapul-
monary manifestations is a feature at presentation in at 
least one-third of cases [4, 21, 31, 48, 53, 59, 91]. 
Osteomyelitis and central venous catheter or tunnel 
infections have been reported in HSCT recipients with 
NTM infection [85].

The NTMs most often responsible for infections in 
HSCT recipients are M. fortuitum, M. chelonae,  
M. gordonnae, M. scrofolaceum, and M. avium intrac-
ellular [8]. Positive microbiological studies for NTM 
indicate severe immunosuppression and a poor prog-
nosis. NTM may coexist with other pathogens such as 
Aspergillus. Colonization may be difficult to distin-
guish from infection, despite the development of elab-
orate but empirical clinical, radiological, and 
microbiological criteria. The threshold for starting 
therapy is unclear. However, invasive NTM infections 
require prolonged therapy [8].

In umbilical cord blood transplant (UCBT) recipi-
ents, mycobacterial infections may develop as early 
as day 45 after transplantation [59]. The risk is great-
est in patients with acute myelogenous leukemia, 
mismatched grafts, T-cell depletion, GvHD, and resi-
dence in an area of TB endemicity (Table 30.1). 
Patients present with pyrexia, a cough, chest pain, and 
evidence of pneumonia [21, 91]. UCBT recipients 
may have higher incidences of disseminated myco-
bacterial infections and reactivation of previous 
mycobacterial MTB infection compared to other allo-
geneic HSCT recipients. Lung lesion histology usu-
ally shows caseous necrosis without granuloma 
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formation. Combination anti-TB drug therapy is usu-
ally of limited efficacy [59].

The diagnosis of mycobacterial infections is chal-
lenging in HSCT recipients, who often have mild non-
specific symptoms and no granulomas in histological 
specimens [21]. In HSCT recipients with diffuse retic-
ulonodular shadows, miliary TB should be suspected, 
as open lung biopsy shows this condition in 9% of 
cases. Respiratory failure and acute GvHD are the 
main events of adverse prognostic significance, and 
mortality may reach 50% in these patients [45]. 
Mycobacterial infections in HSCT recipients usually 
respond well to anti-TB treatment, particularly if the 
diagnosis is made early [4, 20]. The response rate may 
reach 90–100% with early treatment, compared to 
50% or less when treatment is delayed [4, 20, 89, 107]. 
No excessive side effects of anti-TB medications have 
been reported [4, 39]. However, TB in HSCT recipi-
ents may complicate the post-transplant management, 
as anti-TB drugs frequently decrease the serum levels 
of cyclosporine-A, thus worsening GvHD [20].

INH prophylaxis has been used successfully to pre-
vent TB reactivation in HSCT recipients [4]. However, 
the possible benefits of routine TB chemoprophylaxis 
in patients with positive TST results and normal CXR 
findings should be balanced against the risk of hepato-
toxicity in HSCT recipients [5]. Therefore, INH pro-
phylaxis should not be given routinely, but close 
follow-up and monitoring for reactivation of latent 
infection are recommended [16]. In patients who have 
received BCG immunotherapy and in those with inad-
equately treated TB, a TST should be performed and, 
when this test is positive, TB chemoprophylaxis should 
be considered [5]. Furthermore, in countries where TB 
is endemic, tests for latent TB should be performed 
before transplantation, chemoprophylaxis considered, 
and follow-up provided after transplantation [11].

References

 1. Adzic T (2004) Pulmonary tuberculosis in patients with 
hematological malignancies. Med Pregl 57(1):65–68

 2. Aisenberg GM, Jacobson K, Chemaly RF, Rolston KV, Raad 
II, Safdar A (2005) Extrapulmonary tuberculosis active 
infection misdiagnosed as cancer. Cancer 104(12): 
2882–2887

 3. Akan H, Arslan O, Akan OA (2006) Tuberculosis in stem 
cell transplant patients. J Hosp Infect 62(4):421–426

 4. Al-Anazi KA, Al-Jasser AM, Evans DAP (2007) Infections 
caused by Mycobacterium tuberculosis in patients with 
hematological disorders and in recipients of hematopoietic 
stem cell transplant: a 12 year retrospective study. Ann Clin 
Microbiol Antimicrob 6:16

 5. Aljurf M, Gyger M, Alrajhi A, Sahovic E, Chaudhri N, Musa 
M, Ayoub O, Seth P, Alsam M, Al-Fiar F (1999) Mycobacterium 
tuberculosis infection in allogeneic bone marrow transplant 
patients. Bone Marrow Transplant 24: 551–554

 6. Al-Kattan K, Ashour M, Hajjar W, Salah El Din M, Fouda 
M, Al Bakry A (2001) Surgery for pulmonary aspergilloma 
in post-tuberculous vs. immuno-compromised patients. Eur 
J Cardiothorac Surg 20:728–733

 7. Alzeer AH, FitzGerald JM (1993) Corticosteroids and tuber-
culosis: risks and use as adjunct therapy. Tuber Lung Dis 
74(1):6–11

 8. Au WY, Cheng VCC, Ho PL, Yuen KY, Hung I, Ma SY, Lie 
AKW, Kwong YL (2003) Nontuberculous mycobacterial 
infections in Chinese hematopoietic stem cell transplanta-
tion recipients. Bone Marrow Transplant 32:709–714

 9. Au WY, Leung AY, Tse EW, Cheung WW, Shek TW, Kwong 
YL (2008) High incidence of tuberculosis after alemtuzumab 
treatment in Hong Kong Chinese patients. Leuk Res 
32(4):547–551

10. Brown ST, Almenoff PL (1992) Pulmonary mycobacterial 
infections associated with neoplasia. Semin Respir Infect 
7(2):104–113

11. Budak-Alpdogan T, Tangün Y, Kalayoglu-BesisiK S, Ratip 
S, Akan H, Baslar Z, Soysal T, Bayik LA, Koc H (2000) The 
frequency of tuberculosis in adult allogeneic stem cell trans-
plant recipients in Turkey. Biol Blood Marrow Transplant 
6(4):370–374

12. Caceres FdM, Orozco LC (2007) Incidence of and factors 
for non-compliance to antituberculous treatment. Biomedica 
27: 498–504

13. Canada Communicable Disease Report, an Advisory 
Committee Statement [Canadian Tuberculosis Committee] 
(2008) Updated recommendations on interferon gamma 
release assays for latent tuberculosis infection. Public Health 
Agency of Canada 34(6):1–13

14. Cisneros JR, Murray KM (1996) Corticosteroids in tubercu-
losis. Ann Pharmacother 30(11):1298–1303

15. Cordani S, Manna A, Vignali M, Tascini C (2008) Bron-
choalveolar large as a diagnostic tool in patients with hema-
tological malignancies and pneumonia. Le Infezioni In 
Medicina 4:209–213

16. Cordonnier C, Martino R, Trabasso P, Held TK, Akan H, 
Ward MS, Fabian K, Ullmann AJ, Wulffraat N, Ljungman P, 
Alessandrino EP, Pretnar J, Gmür J, Varela R, Vitek A, Sica 
S, Rovira M, for the European Blood and Marrow Transplant 
Group Infectious Diseases Working Party (2004) 
Mycobacterial infections: a difficult and late diagnosis in 
stem cell transplant recipients. Clin Infect Dis 38: 
1229–1236

17. Curley C (2003) New guidelines: what to do about an unex-
pected positive tuberculin test. Cleve Clin J Med 70(1): 
49–55

18. Daniels JM, Vonk-Noordegraaf A, Janssen JJ, Postmus PE, 
van Altena R (2009) Tuberculosis complicating imatinib 
treatment for chronic myeloid leukemia. Eur Respir J 
33(3):670–672



380 K.A. Al-Anazi and A.M. Al-Jasser

19. Davies PDO, Pai M (2008) The diagnosis and misdiagnosis 
of tuberculosis. Int J Tuberc Lung Dis 12(11):1226–1234

20. de la Camara R, Martino R, Granados E, Rodriguez-Salvanës 
FJ, Rovira M, Caberera R, Löpez J, Parody R, Sierra J, 
Fernandez Ranada JM, Carreras E, for the Spanish Group on 
Infections Complication in Hematopoietic Transplantation 
(2000) Tuberculosis after hematopoietic stem cell transplan-
tation: incidence, clinical characteristics and outcome. Bone 
Marrow Transplant 26:291–298

21. De La Rosa GR, Jacobson KL, Rolston KV, Raad II, 
Kontoyiannis DP, Safdar A (2004) Mycobacterium tubercu-
losis at a comprehensive cancer centre: active disease in 
patients with underlying malignancy during 1990–2000. 
Clin Microbiol Infect 10(8):749–752

22. Demirkazik FB, Akin A, Uzun O, Akpinar MG, Ariyürek 
MO (2008) CT findings in immunocompromized patients 
with pulmonary infections. Diagn Interv Radiol 14:75–82

23. Dinnes J, Deeks J, Kunst H, Gibson A, Cummins E, Waugh 
N, Drobniewski F, Lavlani A (2007) A systemic review of 
rapid diagnostic tests for the detection of tuberculosis infec-
tion. Health Technol Assess 11(3):1–178

24. Ducati RG, Ruffino-Netto A, Basso LA, Santos DS (2006) 
The resumption of consumption – a review on tuberculosis. 
Mem Inst Oswaldo Cruz 101(7):697–714

25. Echevarria MP, Martin G, Pérez J, Urkijo JC (1994) 
Pulmonary infection of Mycobacterium Kansasii. Presentation 
of 27 cases (1988–1992). Enferm Infecc Microbiol Clín 
12(6): 280–284

26. Erdstein AA, Daas P, Bradstock KF, Robinson T, Hertzberg 
MS (2004) Tuberculosis in allogeneic stem cell transplant 
recipients: still a problem in the 21st century. Transpl Infect 
Dis 6(4):142–146

27. Etxebarrieta M, Rodrigo A, Martin C, Ojer M, Ruz A, 
Dorronsoro I (2002) Clinical importance of Mycobacterium 
Kansasii and evaluation of the need to identify nontubercu-
lous mycobacteria. Enferm Infecc Microbiol Clin 20(3): 
113–116

28. Evans DJ (2008) The use of adjunctive corticosteroids in the 
treatment of pericardial, pleural and meningeal tuberculosis: 
do they improve outcome? Respir Med 102(6): 793–780

29. Funada H, Machi T, Matsuda T (1991) Disseminated myco-
bacteriosis in patients with severe hematologic disorders. 
Kansenshogaku Zasshi 65(10):1297–1303

30. Fusegawa H, Miyachi H, Ohshima T, Arimori S, Ando Y 
(1992) Rapid diagnosis of tuberculosis by amplification of 
mycobacterial DNA in blood diseases. Rihsho Ketsueki 
33(4):418–422

31. George B, Mathews V, Srivastava V, Srivastava A, Chandy 
M (2001) Tuberculosis among allogeneic bone marrow 
transplant recipients in India. Bone Marrow Transplant 27: 
973–975

32. Goo JM, Im J-G, Do K-H, Yeo JS, Seo JB, Kim HY, Chung 
J-K (2000) Pulmonary Tuberculoma evaluated by means of 
FDG PET: findings in 10 cases. Radiology 216:117–121

33. Grant A, Gothard P, Thwaites G (2008) Managing drug 
resistant tuberculosis. Br Med J (Middle East) 15:80–85

34. Griffith DE (2007) Therapy of nontuberculous mycobacte-
rial disease. Curr Opin Infect Dis 20(2):198–203

35. Hakawi AM, Alrajhi AA (2006) Tuberculosis of the bone 
marrow: clinico-pathological study of 22 cases from Saudi 
Arabia. Int J Tuberc Lung Dis 10(9):1041–1044

36. Han XY, Tarrand JJ, Infante R, Jacobson KL, Troung M 
(2005) Clinical significance and epidemiologic analyses of 
Mycobacterium avium and Mycobacterium intracellular 
among patients without AIDS. J Clin Microbiol 43(9): 
4407–4412

37. Hasibi M, Rasoulinejad M, Hosseini SM, Davari P, Sahebian 
A, Khashayar P (2008) Epidemiological, clinical, laboratory 
findings and outcomes of disseminated tuberculosis in 
Tehran, Iran. South Med J 101(9):910–913

38. Ibrahim EM, Uwaydah A, al-Mulhim FA, Ibrahim AM, el-
Hassan AY (1989) Tuberculosis in patients with malignant 
disease. Indian J Cancer 26(2):53–57

39. Ip SMS, Yuen KY, Woo PCY, Luk WK, Tsang KWT, Lam 
WK, Liang RHS (1998) Risk factors for pulmonary tubercu-
losis in bone marrow transplant recipients. Am J Respir Crit 
Care Med 158:1173–1177

40. Itoh M, Oida E, Iwai K, Okazaki T, Tashima M, Uchiyama T 
(2001) Disseminated atypical mycobacteriosis in a patient 
with chronic myelogenous leukemia. Rinsho Ketsueki 
42(3):209–215

41. Iuldasheva NE, Karachunskii MA, Pivnik AV (2002) Various 
approaches to tuberculosis diagnosis in patient with hemo-
blastosis. Ter Arkh 74(4):35–38

42. Iuldasheva NE, Karachunskii MA, Pivnik AV (2004) Clinical 
picture of tuberculosis with concomitant hemoblastoses. Ter 
Arkh 76(3):49–51

43. Jacobson KL, Teira R, Libshitz HI, Raad I, Rolston KV, 
Terrand J, Whimbey E (2000) Mycobacterium kansasii 
infections in patients with cancer. Clin Infect Dis 31(2): 
628–631

44. Jin S-M, Lee HJ, Park E-A, Lee HY, Lee S-M, Yang S-C, 
Yoo C-G, Kim YW, Han SK, Shim Y-S, Yim J-J (2008) 
Frequency and predictors of miliary tuberculosis in patients 
with miliary pulmonary nodules in South Korea: a retrospec-
tive cohort study. BMC Infect Dis 8:160

45. Jung JI, Lee DG, Kim YJ, Yoon HK, Kim CC, Park SH 
(2009) Pulmonary tuberculosis after hematopoietic stem cell 
transplantation: radiologic findings. J Thorac Imaging 
24(1):10–16

46. Karachunskii MA, Pivnik AV, Iuldasheva NE (2002) 
Tuberculosis in patients with hemoblastoses. Probl Tuberk 
5:24–27

47. Kiehn TE, Edwards FF, Brannon P, Tsang AY, Maio M, Gold 
JWM, Whimbey E, Wong B, McClatchy JK, Armstrong D 
(1985) Infections caused by Mycobacterium avium complex 
in immunocompromized patients: diagnosis by blood cul-
ture and fecal examination, antimicrobial susceptibility tests, 
and morphological and seroagglutination characteristics. J 
Clin Microbiol 21(2):168–173

48. Kindler T, Schindel C, Brass U, Fischer T (2001) Fatal sep-
sis due to Mycobacterium tuberculosis after allogeneic bone 
marrow transplantation. Bone Marrow Transplant 27: 
217–218

49. Kobashi Y, Mouri K, Yagi S, Obase Y, Fukuda M, Miyashita 
N, Oka M (2008) (2008) Usefulness of the QuantiFERON 
TB-2G test for the differential diagnosis of pulmonary tuber-
culosis. Intern Med 47(4):237–243

50. Koh W-J, Kwon OJ, Lee KS (2005) Diagnosis and treat-
ment of nontuberculous mycobacterial pulmonary dis-
eases: a Korean perspective. J Korean Med Sci 20: 
913–925



38130 Pulmonary Mycobacterial Infections in Patients with Hematological Malignancies

51. Kublman JE, Deutsch JH, Fishman EK, Siegelman SS 
(1990) CT features of thoracic mycobacterial disease. Radio-
graphics 10:413–431

52. Lavlani A (2007) Diagnosing tuberculosis infection in the 
21st century. Chest 131:1898–1906

53. Lee J, Lee MH, Kim WS, Kim K, Park SH, Lee SH, Lee KE, 
Park JO, Jung CW, Im YH, Kang WK, Park K (2004) 
Tuberculosis in hematopoietic stem cell transplant recipients 
in Korea. Int J Hematol 79(2):185–188

54. Lee KM, Choe KH, Kim SJ (2006) Clinical investigations of 
cavitary tuberculosis and tuberculous pneumonia. Korean J 
Intern Med 21:230–235

55. Lee SW, Kang YA, Yoon YS, Um S-W, Lee SM, Yoo C-G, 
Kim YW, Han SK, Shim Y-S, Yim J-J (2006) The preva-
lence and evolution of anemia associated with tuberculosis. 
J Korean Med Sci 21:1028–1032

56. Libshitz HI, Pannu HK, Elting LS, Cooksley CD (1997) 
Tuberculosis in cancer patients: an update. J Thorac Imaging 
12(1):41–46

57. Ling DI, Flores LL, Riley LW, Pai M (2008) Commercial 
nucleic acid amplification tests for diagnosis of pulmonary 
tuberculosis in respiratory specimens: meta-analysis and 
meta-regression. PLoS ONE 3(2):e1536

58. Lombard EH, Mansvelt EP (1993) Hematological changes 
associated with miliary tuberculosis of the bone marrow. 
Tuber Lung Dis 74(2):131–135

59. Maeda T, Kusumi E, Kami M, Kawabata M, Le Pavoux A, 
Hara S, Chizuka A, Murashige N, Tanimoto TE, Matsumura 
T, Kuji Ko, Wake A, Miyakoshi S, Morinaga S, Taniguchi S, 
for the Tokyo Stem Cell transplant (SCT) Consortium (2005) 
Disseminated tuberculosis following reduced-intensity cord 
blood transplantation for adult patients with hematological 
diseases. Bone Marrow Transplant 35: 91–97

60. Makhlouf HA, Helmy A, Fawzy E, El-Attar M, Rashed 
HAG (2008) A prospective study of antituberculous drug-
induced hepatotoxicity in an area endemic for liver disease. 
Hepatol Int 2:353–360

61. Matteelli A, Migliori GB, Cirillo D, Centis R, Girard E, 
Raviglion M (2007) Multidrug-resistant and extensively 
drug-resistant Mycobacterium tuberculosis: epidemiology 
and control. Expert Rev Anti Infect Ther 5(5):857–871

62. Melero M, Gennaro O, Dominguez C, Sanchez Avalos JC 
(1992) Tuberculosis in patients with lymphoma. Medicina 
(B Aires) 52(4):291–295

63. Mert A, Bilir M, Tabak F, Ozaras R, Ozturk R, Senturk H, 
Aki H, Seyhan N, Karayel T, Aktuglu Y (2001) Miliary 
tuberculosis: clinical manifestations, diagnosis and outcome 
in 38 adults. Respirology 6(3):217–224

64. Migliori GB, Matteelli A, Cirillo D, Pai M (2008) Diagnosis 
of multidrug-resistant tuberculosis and extensively drug-
resistant tuberculosis: current standards and challenges. Can 
J Infect Dis Med Microbiol 19(2):169–172

65. Mishra P, Kumar R, Mahapatra M, Sharma S, Dixit A, 
Chaterjee T, Choudhry DR, Saxena R, Choudhry VP (2006) 
Tuberculosis in acute leukemia: a clinico-hematological pro-
file. Hematology 11(5):335–340

66. Morris CD, Bird AR, Nell H (1989) The hematological and 
biochemical changes in severe pulmonary tuberculosis. Q J 
Med 73(272):1151–1159

67. Munsiff S, Nilsen D, Dworkin F (2005) Guidelines for test-
ing and treatment of latent tuberculosis infection. NYC 

Department of Health and Mental Hygiene. Bureau of 
Tuberculosis Control, New York, pp 1–12

68. Nagayama N, Shishido Y, Masuda K, Baba M, Tamura A, 
Nagai H, Akagawa S, Kawabe Y, Machida K, Kurashima A, 
Komatsu H, Yotsumoto H (2004) Leucopenia due to anti-
tuberculous chemotherapy including rifampicin and isoni-
azid. Kekkaku 79(5):341–348

69. Neonakis IK, Alexandrakis MG, Gitti Z, Tsirakis G, 
Krambovitis E, Spandidos DA (2008) Miliary tuberculosis 
with no pulmonary involvement in myelodysplastic syndrome: 
a curable, yet rarely diagnosed disease: case report and review 
of the literature. Ann Clin Microbiol Antimicrob 7:8

70. Olaniyi JA, Aken’Ova YA (2003) Hematological profile of 
patients with pulmonary tuberculosis in Ibadan, Negeria. 
Afr J Med Med Sci 32(3):239–242

71. Ortona L, Fantoni M (1998) Tuberculin skin test and chemo-
prophylaxis of tuberculosis. Rays 23(1):218–224

72. Ozkalemkas F, Ali R, Ozkan A, Ozcelik T, Ozkocaman 
V, Kunt-Uzaslan E, Bahadir-Erdogan B, Akalin H (2004) 
Tuberculosis presenting presenting as immune thrombo-
cytopenic purpura. Ann Clin Microbiol Anti microb 
3:16

73. Pagano L, Pagliari G, Basso A, Marra R, Sica S, Frigieri L, 
Morace G, Ardito F, Leone G (1997) The role of bronchoal-
veolar lavage in the microbiological diagnosis of pneumonia 
in patients with hematological malignancies. Ann Med 
29(6):535–540

74. Pai M, Flores LL, Hubbard A, Riley LW, Colford JM Jr 
(2004) Nucleic acid amplification tests in the diagnosis of 
tuberculous pleuritis: a systemic review and meta-analysis. 
BMC Infect Dis 4:6

75. Pai M, Kalantri S, Dheda K (2006) New tools and emerging 
technologies for the diagnosis of tuberculosis: Part I. Latent 
tuberculosis. Expert Rev Mol Diagn 6(3):413–422

76. Pai M, Kalantri S, Dheda K (2006) New tools and emerging 
technologies for the diagnosis of tuberculosis: Part II. Active 
tuberculosis and drug resistance. Expert Rev Mol Diagn 
6(3):423–432

77. Palomino JC (2005) Nonconventional and new methods in 
the diagnosis of tuberculosis: feasibility and applicability in 
the field. Eur Respir J 26:339–350

78. Parrish SC, Myers J, Lazarus A (2008) Nontuberculous 
mycobacterial pulmonary infections in non-HIV patients. 
Postgrad Med 120(4):78–86

79. Piana F, Codecasa LR, Cavallerio P, Ferrarese M, Migliori 
GB, Barbarano L, Morra E, Cirillo DM (2006) Use of a 
T-cell-based test for detection of tuberculosis infection 
among immunocompromized patients. Eur Respir J 
28:31–34

80. Porte H, Roumilhac D, Eraldi L, Cordonnier C, Puech P, 
Wurtz A (1998) The role of mediastinoscopy in the diagno-
sis of mediastinal lymphadenopathy. Eur J Cardiothorac 
Surg 13(2):196–199

81. Richeldi L (2006) An update on the diagnosis of tube-
rculosis infection. Am J Respir Crit Care Med 174: 
736–742

82. Richeldi L, Luppi M, Losi M, Luppi F, Potenza L, Roversi P, 
Cerri S, Millington KA, Ewer K, Fabbri LM, Torelli G, 
Lalvani A (2006) Diagnosis of occult tuberculosis in hema-
tological malignancy by enumeration of antigen-specific T 
cells. Leukemia 20(2):379–381



382 K.A. Al-Anazi and A.M. Al-Jasser

83. Rolston KV, Jones PG, Fainstein V, Bodey GP (1985) 
Pulmonary disease caused by rapidly growing mycobacteria 
in patients with cancer. Chest 87(4):503–506

84. Rosenthal T, Pitlik S, Michaeli D (1975) Fatal undiagnosed 
tuberculosis in hospitalized patients. J Infect Dis 131: 
S 51– S 56

85. Roy V, Weisdorf D (1997) Mycobacterial infections follow-
ing bone marrow transplantation: a 20 year retrospective 
review. Bone Marrow Transplant 19:467–470

86. Safdar A, Han XY (2005) Mycobacterium lentiflavum, a 
recently identified slow-growing mycobacterial species: 
clinical significance in immunocompromised cancer patients 
and summary of reported cases of infection. Eur J Clin 
Microbiol Infect Dis 24(8):554–558

87. Sakatani M, Nakajima Y (2006) Treatment of non-tubercu-
lous pulmonary mycobacteriosis. Kekkaku 81(1):35–50

88. Salpeter S (1992) Tuberculosis chemoprophylaxis. West J 
Med 157:421–424

89. Sharma S, Nadrous HF, Peters SG, Tefferi A, Litzow MR, 
Aubry M-C, Afessa B (2005) Pulmonary complications in 
adult blood and marrow transplant recipients. Chest 128: 
1385–1392

90. Shen G, Behera D, Bhalla M, Nadas A, Laal S (2009) 
Peptide-based antibody detection for tuberculosis diagnosis. 
Clin Vaccine Immunol 16(1):49–54

91. Shima T, Yoshimoto G, Miyamoto T, Yoshida S, Kamezaki 
K, Takenaka K, Iwasaki H, Harada N, Nagafuji K, Teshima 
T, Shimono N, Akashi K (2009) Disseminated tubeculosis 
following second unrelated cold blood transplantation for 
acute myelogenous leukemia. Transpl Infect Dis 11(1): 
75–77

92. Shishido Y, Nagayama N, Masuda K, Baba M, Tamura A, 
Nagai H, Akagawa S, Kawabe Y, Machida K, Kurashima A, 
Komatsu H, Yotsumoto H (2003) Agranulocytosis due to 
anti-tuberculous drugs including isoniazid (INH) and rifam-
picin (RFP) – a report of four cases and review of the litera-
ture. Kekkaku 78(11):683–689

93. Silva FA, Matos JO, de Q Mello FC, Nucci M (2005) Risk 
factors for and attributable mortality from tuberculosis in 
patients with hematologic malignancies. Haematologica 
90(8):1110–1115

94. Singh KJ, Ahluwalia G, Sharma SK, Saxena R, Chaudhary 
VP, Anant M (2001) Significance of hematological manifes-
tations in patients with tuberculosis. J Assoc Physicians 
India 49(788):790–794

95. Snider DE Jr, Cohn DL, Davidson PT, Harshfield ES, Smith 
MH, Sutton FD Jr (1985) Standard therapy for tuberculosis 
1985. Chest 87:117S–124S

96. Sos G, Arvieux C, Cazalets C, Cador B, Belaval P, Michelet 
C (2005) Factors of immunosuppression in patients with 
tuberculosis. Presse Méd 34(6):420–424

97. Stefan DC, Kruis AL, Schaaf HS, Wessels G (2008) 
Tuberculosis in oncology patients. Ann Trop Paediatr 28(2): 
111–116

98. Suryanarayan K, Campbell J, Eskenazi AE (2002) 
Nontuberculous mycobacterial infections in pediatric acute 
leukemia. J Pediatr Hematol Oncol 24(7):558–560

99. Suzuki T, Kawashiro T (2004) Pulmonary infection in 
immunocompromized hosts. Nippon Geka Gakkai Zasshi 
105(12):734–736

100. Su WJ (2002) Recent advances in the molecular diag-
nosis of tuberculosis. J Microbiol Immunol Infect 35: 
209–214

101. Tanabe S, Yamada T, Tsukuura T, Tomiyama J, Tanaka T, 
Adachi Y (1990) Indications for surgery in a patient with 
tuberculoma accompanied by chronic myeloid leukemia. 
Kyoba Geka 43(12):1009–1011

102. Tanaka N, Matsumoto T, Miura G, Emoto T, Matsunaga N 
(2002) HRCT findings of chest complications in patients 
with leukemia. Eur Radiol 12(6):1512–1522

103. Tartaglione T (1997) Treatment of nontuberculous myco-
bacterial infections: role of clarithromycin and azithromy-
cin. Clin Ther 19(4):626–638

104. Tomioka H, Namba K (2006) Development of anti-tuber-
culous drugs: current status and future prospects. Kekkaku 
81(12):753–774

105. Tomioka H (2006) Current status of some antitubercu-
lous drugs and the development of new antituberculous 
agents with special reference to their in vitro and 
in vivo antimicrobial activities. Curr Pharm Des 12(31): 
4047–4070

106. Tongyoo S, Vilaichone W, Sukpanichnant S, Auewarakul 
C, Chaiprasert A, Ratanarat R, Permpikul C (2003) 
Thrombocytopenic purpura associated with miliary tuber-
culosis. J Med Assoc Thai 86(10):976–980

107. Uetake T, Sakamaki T, Onozawa Y, Kimura H, Fukayama 
M (1990) Clinicopathological study of miliary tuberculosis 
in patients with hematologic disease. Kekkkaku 65(4): 
273–283

108. Ullah K, Raza S, Ahmed P, Satti TM, Ikram A, Chaudhry 
QU, Kamal MK, Akhtar FM (2007) Pulmonary tuberculo-
sis in allogeneic stem cell transplant recipients. J Pak Med 
Assoc 57(11):567–569

109. Undar L, Karpuzoğlu G, Karadoganan I, Gelen T, Artvinli 
M (1996) Tuberculosis associated hemophagocytic syn-
drome: a report of two cases and a review of the literature. 
Acta Haematol 96(2):73–78

110. Vejlgaard TB, Haar V, Peterslund NA (1997) Atypical 
mycobacteria. Disseminated infection in patients with 
hematologic diseases. Ugeskr Laeger 159(36): 
5362–5367

111. Waecker NJ Jr, Stefanova R, Cave MD, Davis CE, Dankner 
WM (2000) Nosocomial transmission of Mycobacterium 
bovis Bacille Calmette-Guerin to children receiving cancer 
therapy and to their health care providers. Clin Infect Dis 
30:356–362

112. Wallis RS, Patil S, Cheon S-H, Edmonds K, Philips M, 
Perkins MD, Joloba M, Namale A, Johnson JL, Teixeira 
L, Dietze R, Siddiqi S, Mugerwa RD, Eisenach K, 
Ellner JJ (1999) Drug tolerance in Mycobacterium 
tuberculosis. Antimicrob Agents Chemother 43(11): 
2600–2606

113. Wani AM, Akhtar M (2008) CA-125: a marker for diagno-
sis and follow-up of pleuroperitoneal and lymph node 
tuberculosis. Ann Saudi Med 28(2):142–143

114. Wu T-L, Chia J-H, Kuo A-J, Su L-H, Wu T-S, Lai H-C 
(2008) Rapid identification of mycobacteria from smear-
positive sputum samples by nested PCR-restriction frag-
ment length polymorphism analysis. J Clin Microbiol 
46(11):3591–3594



38330 Pulmonary Mycobacterial Infections in Patients with Hematological Malignancies

115. Yamaghishi F (2003) Measures for tuberculosis in compro-
mised hosts – mainly on chemoprophylaxis. Kekkaku 
78(10):661–667

116. Yee D, Valiquette C, Pelletier M, Parisien I, Rocher I, 
Menzies D (2003) Incidence of serious side effects from 

first-line antituberculous drugs among patients treated for 
active tuberculosis. Am J Respir Crit Care Med 167: 
1472–1477

117. Yuen KY, Woo PC (2001) Tuberculosis in blood and mar-
row transplant recipients. Hematol Oncol 20(2): 51–62



 



Part

Noninfectious Pulmonary Involvement in 
Patients with HM

V



 



387É. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies,  
DOI: 10.1007/978-3-642-15742-4_31, © Springer-Verlag Berlin Heidelberg 2011

31.1  Introduction

Patients with hematologic diseases who are being 
treated with therapy drugs, or receive radiation ther-
apy or blood transfusions may develop a host of poten-
tially fatal infectious and noninfectious pulmonary 
complications [1]. The increased complexity of multi-
modality and high-dose treatment regimens with the 
intended benefit of augmented antineoplastic efficacy 
and prolonged disease-free survival, the use of a panel 
of novel drugs to treat malignant and nonmalignant 
hematologic conditions (e.g., azacytidine, bortezomib, 
cladribine, dasatinib, fludarabine, imatinib, lenalido-
mide, rituximab, and thalidomide), total body irradia-
tion (TBI) and hematopietic stem cell transplantation 
(HSCT) have increased the incidence of severe some-
times life-threatening pulmonary complications.

As the incidence of infectious complications has 
decreased as a result of improved diagnostic methods 
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and effective prophylaxis, noninfectious, iatrogenic 
radiation- and drug-induced pulmonary complications 
have emerged as a major cause of early and late pul-
monary morbidity, which may claim the lives of long-
term survivors of hematologic malignancies. Toxic 
pneumonitis may account for 16% of all pulmonary 
events in this setting [2], and long-term adverse effects 
of treatments require prolonged follow-up in regard to 
the development of nonneoplastic and neoplastic con-
ditions in heart and lung [3]. Noninfectious pulmonary 
complications represent a real challenge to the practi-
tioner who needs be wary of the multitude of drug-, 
radiation- and procedure-induced adverse effects. 
Drug-induced respiratory disease in hematology 
patients may manifest acutely or subacutely by hyper-
sensitivity reactions (bronchospasm, anaphylaxis), 
pulmonary edema, acute lung injury (ALI), an adult 
respiratory distress syndrome (ARDS) picture, diffuse 
alveolar hemorrhage, interstitial lung disease (ILD) 
with or without tissue eosinophilia, pleural effusion or 
pulmonary vasculopathy.

The diagnosis of iatrogenic disease is complex, and 
it is by exclusion. The diagnosis is made against [1] 
pulmonary involvement from the underlying benign 
(e.g., sickle cell disease, myelodysplastic syndrome, 
polycythemia vera) or malignant hematologic condi-
tion (e.g., acute and chronic leukemias, Hodgkin’s and 
non-Hodgkin’s lymphoma, multiple myeloma), [2] 
alveolar hemorrhage, [3] circulatory overload, left 
ventricular dysfunction and [4] an opportunistic viral, 
bacterial, fungal or protozoan infection with few reli-
able clinical or imaging discriminators to separate 
these entities. To complicate matters, there is often 
little time for establishing the diagnosis and initiating 
appropriate therapy before the patient’s condition dete-
riorates irreversibly. Patients who require mechanical 
ventilatory support have an ominous outcome. There is 
almost no specific pattern of drug-induced lung 
involvement on pathology. Thus, the lung biopsy is 
mainly used to rule out diagnoses other than drugs, and 
patients suspected of having drug-induced lung dis-
ease may be managed conservatively using bronchoal-
veolar lavage (BAL), transbronchial lung biopsy 
(TBLB) and microbiological tests as the main diagnos-
tic tools. Drug discontinuance followed by resolution 
of symptoms is a simple test that may aid in the recog-
nition of drug-induced disease.

The diagnosis of DIRD can be straightforward in 
patients with a benign underlying hematologic 

condition who are being treated with a compatible 
drug as a solo agent, and drug discontinuance is fol-
lowed by remission of symptoms. Drug-induced dis-
ease is more complex to diagnose in patients with a 
background of hematologic malignancy who received 
several potentially pneumotoxic drugs, each having 
different times for drug-induced disease to present, 
and/or who have received radiation therapy, blood 
transfusions or have a history of exposure to oxygen or 
corticosteroids. Such patients are likely to be severely 
immunocompromised under the combined influence 
of underlying illness, drugs used to treat their condi-
tion, corticosteroid and radiation therapy, and an 
opportunistic lung infection is a strong consideration 
[4]. Diagnosing drug-induced disease is even more 
complex in recipients of hematopoietic stem cell trans-
plants, who in addition to the above complications, 
may develop several distinctive post-transplant mani-
festations, including engraftment syndrome, pulmo-
nary edema, bronchiolitis obliterans organizing 
pneumonia (BOOP), diffuse alveolar hemorrhage 
(DAH) and late-onset noninfectious pulmonary com-
plications including idiopathic pulmonary syndrome 
(IPS) [5, 6]. In rare instances, pulmonary complications 
develop in hematopoietic stem cell donors in the form 
of pulmonary infiltrates during colony-stimulating 
 factor-(CSF)-induced stem cell mobilization [7].

The older literature is replete with cases of pulmo-
nary toxicity induced by drugs such as busulfan, BCNU 
or other nitrosoureas, bleomycin, chlorambucil, cyclo-
phosphamide, hydroxyurea or melphalan when patients 
with varied hematologic conditions were exposed to 
these drugs as a solo agent. Sometimes, the pattern of 
pulmonary involvement from these drugs is distinctive 
and can still be detected even though the drug is part of 
a multiagent chemotherapy or conditioning regimen. 
Establishing which drug in the regimen causes the lung 
injury is useful, for it may enable withholding the spe-
cific drug instead of all drugs in the regimen. Diagnosing 
drug-induced lung disease is not of pure academic 
interest. An important practical consequence is selec-
tive drug withdrawal while other nonpneumotoxic 
drugs are continued to the benefit of the patient. 
Although rechallenge was once considered hazardous 
and still is with many drugs, rechallenge and steroid-
supported rechallenge can be attempted with vital 
drugs such as imatinib or dasatinib.

Here we review the pulmonary complications induced 
by drugs, blood transfusion and radiation therapy. 
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 Drug-induced opportunistic infections, respiratory man-
ifestations in recipients of bone marrow and stem cell 
transplant and iatrogenic complications of chest tubes 
and central venous access are covered elsewhere [8, 9].

31.2  Diagnostic Criteria for  
Drug-Induced Respiratory Disease

Criteria for diagnosis include the following [10]:

1. Correct identification of the drug [11]
Dose and duration of treatment with each drug taken in 
isolation or in a chemotherapy regimen should be 
reviewed. Causality is more difficult to assess when 
several pneumotoxic drugs were received concomi-
tantly or in sequence. The likelihood and delay time 
for drug-induced disease to present vary with drug, 
dosage, whether the drug was coadministered with 
other pneumotoxic drugs and the patient. Patients of 
Asian descent may be at increased risk for certain 
drug-induced pulmonary complications. It is also nec-
essary to compute exposure to G/GM-CSF, blood and 
blood components (e.g., fresh frozen plasma, whole 
blood-derived platelets), anesthetic agents, oxygen, 
parenteral nutrition and nonhematologic drugs, for all 
of these may effectuate lung injury [11].

2.  Temporal eligibility
Respiratory signs and symptoms should follow (not 
predate) the onset of treatment with the suspected drug. 
Time to onset of the respiratory reaction varies with 
drug, host, schedule of administration and pattern of 
involvement. The shorter the latency period is, the eas-
ier the suggestion of the drug etiology. Longer delay 
times increase the likelihood that the drug etiology 
goes unrecognized. Drug-induced- bronchospasm, 
anaphylaxis, pulmonary edema (e.g., gemcitabine- or 
acaytine-induced), acute lung injury (e.g., transfusion-
related acute lung injury or TRALI), acute respiratory 
distress syndrome (ARDS) and alveolar hemorrhage 
tend to develop shortly after exposure to the causal 
agent, with a time to onset of minutes to hours or at 
most a few days. Instead, it may take weeks, months or 
years for drug- (viz. methotrexate, azathioprine or tha-
lidomide) induced cellular interstitial pneumonia to 
develop. Drug- and radiation-induced pulmonary 
fibrosis develops after months or years into treatment 
or after termination of treatment. For instance, patients 

who received busulfan, cyclophosphamide, nitrosou-
reas or radiation therapy in the past may be diagnosed 
with iatrogenic pulmonary fibrosis or the idiopathic 
pulmonary syndrome many years later [12, 13].

3. Drug singularity
Assessment of causality is problematic if patients were 
exposed to several pneumotoxic drugs. This creates 
confusion about which drug is responsible for the lung 
reaction, and it may at times be impossible to sort this 
out. In patients treated with several chemotherapy 
agents, drug toxicity may develop at dosages of each 
drug that are lower than the threshold above which 
drug toxicity develops when the drug is taken in isola-
tion. Weighing the responsibility of each drug taken 
separately is critical regarding future management of 
the underlying hematologic disease. Identification of 
the causal drug may enable selective cessation of the 
culprit drug. A review on nonhematology drugs is 
indicated, as many drugs can injure the lung [11]

4. Whether the pulmonary reaction is appropriate for 
the particular drug

The pattern of involvement from some drugs can be 
suggestive, owing to the close temporal relationship of 
exposure versus onset of respiratory symptoms (e.g., 
the swift development of pulmonary infiltrates follow-
ing treatments with anti-thymocyte globulin, gemcit-
abine, ATRA, cytarabine or blood transfusion (TRALI) 
[14]. For other drugs it is because the clinical, imag-
ing, BAL and/or pathologic pattern of involvement is 
distinctive [e.g., bleomycin and bibasilar shadowing or 
multiple lung nodules, cyclophosphamide and severe 
pleuropulmonary involvement, imatinib or dasatinib 
and pleural effusion, methotrexate and an acute hyper-
sensitivity pneumonitis with a granulomatous pattern 
of involvement, rituximab and ARDS; retinoic acid 
(ATRA) and diffuse alveolar hemorrhage (DAH), of 
BCNU/CCNU or busulfan with otherwise unexplained 
pulmonary fibrosis].

It is difficult to predict the pathologic background 
of drug-induced reactions using HRCT data alone [15], 
and in one study of 20 patients [16], imaging and 
pathology were concordant in only nine cases (45%). 
A confirmatory lung biopsy (open or transbronchial) 
can be necessary in selected cases mainly to discard 
etiologies other than drugs rather than to prove the 
drug etiology. Any attempt at deducing pathology from 
imaging as done in some studies [17] should be viewed 
with caution.



390 P. Camus

5. Exclusion of other causes
There are many diagnostic contenders to consider 

when pulmonary infiltrates develop in patients with 
hematologic disease treated with drugs. These include 
the pulmonary manifestations of the native benign or 
malignant hematologic condition (for instance, pulmo-
nary involvement from malignant lymphoma [15] or 
acute leukemia [18], extramedullary hematopoiesis 
[19], multiple myeloma [20–22], interstitial lung dis-
ease including pulmonary alveolar proteinosis that 
may occur in association with untreated hematologic 
diseases [23]), capillary leak, tumor lysis syndrome, 
cardiac pulmonary edema, an opportunistic viral, bac-
terial, fungal or protozoan infections including 
Pneumocystis jiroveci pneumonia, a common encoun-
ter in hematology patients [24–28], and a graft-versus-
host reaction [29]. All of these can produce similar 
patterns of involvement on imaging. The BAL and 
TBLB with appropriate sample staining, culture and 
molecular techniques should be routinely performed to 
help exclude an infection [2]. Heart ultrasonography 
and diuresis may also aid in the recognition of drug-
induced vs. cardiogenic pulmonary edema.

6. Remission of signs and symptoms with removal of 
the drug

Signs and symptoms typically clear after drug removal. 
However, fulminate iatrogenic reactions to drugs (e.g., 
drug-induced pulmonary edema, TRALI, methotrex-
ate pneumonitis, bleomycin lung) may progress despite 
removal. Similarly, pulmonary fibrosis induced by 
drugs or that develops as a late consequence of condi-
tioning regimens often is an irreversible process that 
may not respond to drug discontinuance. Corticosteroid 
therapy is often given to patients with severe drug-
induced lung disease to accelerate recovery. However, 
this is at the expense of drug causality assessment.

7. Recurrence with rechallenge
Rechallenge followed by recurrence is central to the 
diagnosis of any drug-induced disease [10], but sel-
dom is performed intentionally because of risks [30]. 
Of note, drug-induced pleuropulmonary reactions to 
imatinib [31], dasatinib [32] or antithymocyte globulin 
[33] were shown not to relapse in all patients upon 
reexposure, enabling continued treatment of the under-
lying hematologic disease. Rechallenge is reserved for 
cases where the drug is vital, there is no alternative 
efficacious drug to treat the underlying condition, and 
it is given in small incremental doses of the drug and 
corticosteroid therapy.

8. Tests may support the diagnosis of DILD
BAL is instrumental in ruling out an infection and may 
show an increased percentage of lymphocytes, eosino-
phils or neutrophils depending on which drug caused 
the reaction (for a review, see [14]).

Studies of peripheral or BAL lymphocyte activation 
or migration following in vitro challenge with the sus-
pected drug have produced inconsistent results, and 
overall, evidence for the usefulness of this test is low, 
and there is a lack of consensus about the appropriate-
ness of these tests inasmuch as in a recent series, there 
was no correlation of lymphocyte stimulation with the 
clinical result effect of rechallenge with the drug [34].

KL-6 has been found to be elevated in some patients 
with drug-induced fibrosis. However, this marker 
remained normal in cases of pulmonary toxicity from 
rituximab, methotrexate and radiation therapy. 
Similarly, time-related changes in plasma or BAL 
TGF-ß1 and IL1 in patients receiving chemotherapy 
and/or radiation therapy yielded inconsistent results, 
and there is no consensus regarding their measure-
ments in routine.

Areas of drug-, radiation- and talc-induced reac-
tions can be tracer-avid on FDG-PET scans [35].

31.3  Patterns of Reactions to Drugs  
and Radiation

31.3.1  Interstitial-Infiltrative Lung 
Diseases (ILD)

ILD is a group of conditions characterized by pulmo-
nary infiltrates, restrictive physiology, impaired gas 
exchange, shifts in BAL cells percentages (lympho-
cytes, eosinophils or neutrophils) and pathologic evi-
dence of parenchymal inflammation. Fever, a 
nonproductive cough and dyspnea are common pre-
senting symptoms. Diagnosis of drug-induced ILD is 
supported by BAL, a negative workup for lung infec-
tion and reversal of the symptom following drug 
removal. Tissue sampling is not always required. 
Severity of ILD ranges from mild transient pulmonary 
infiltrates and the asymptomatic state to diffuse shad-
owing or dense consolidation with the gas exchange 
features of ALI or ARDS [36]. Histological findings 
are dominated by interstitial inflammation with or 
without tissue eosinophilia or a granulomatous pattern 
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of involvement, organizing pneumonia, pulmonary 
edema, diffuse alveolar damage (DAD) or alveolar 
hemorrhage. The lung architecture is retained [37].

31.3.1.1  Cellular or Nonspecific Interstitial 
Pneumonia

Drug-induced cellular interstitial pneumonia, also 
known as alveolitis or hypersensitivity pneumonitis, is 
a common pattern of pulmonary reaction to drugs 
[11]. Drugs causing cellular interstitial pneumonia 
in hematology include azacytidine, azathioprine, 
chlorambucil, 2-chlorodeoxyadenosine (cladribine), 
cyclophosphamide, cytarabine, dasatinib, floxuridine, 
fludarabine, GM-CSF, gemtuzumab, hydroxurea, ima-
tinib, interferon alpha and beta, lenalidomide, metho-
trexate, procarbazine, rituximab, thalidomide, vinca 
alkaloids and chest radiation therapy [11]. Time to 
onset is a few days to several years into treatment and 
is unpredictable as serial pulmonary function is not 
capable of predicting development of this complica-
tion. Onset of the disease may be insidious over a few 
days or weeks, with moderate fever followed by the 
development of cough and breathlessness. Methotrexate 
lung is known to accelerate, causing rapidly progres-
sive respiratory failure. Radiographic studies indicate 
bilateral, usually symmetrical interstitial or alveolar 
ground-glass opacities, mosaic attenuation or consoli-
dation. The infiltrates may predominate in the lung 
bases and mid-lung zones, or they can be diffuse. 
Radiographic attenuation can be a discrete haze, 
ground-glass, inter- or intralobular septal thickening, 
a crazy-paving, mosaic appearance or dense bilateral 
consolidation with air bronchograms [38–42]. A mil-
iary pattern, pleural effusions and mediastinal lymph 
node enlargement are occasional features of metho-
trexate lung [36, 43]. Imaging features may not enable 
the separation of ILD due to drugs from infectious 
pneumonia or from the manifestations of the underly-
ing hematologic condition [26, 44, 45]. Pulmonary 
function indicates restrictive physiology and impaired 
gas exchange [36]. Physiology tends to correlate with 
the extent of involvement on imaging [46] except in 
azathioprine pneumonitis and bleomycin lung [47, 
48]. Fiberoptic bronchoscopy and BAL are indicated 
to rule out an infection. The BAL usually shows a 
lymphocyte predominance [49]. The contribution of 
lymphocyte typing is unclear, because increases in 
both CD4+ or CD8+ subsets have been observed 

depending on time from onset of pneumonitis and 
whether the patient has received corticosteroid therapy 
[50]. A low ratio of CD4+ to CD8+ lymphocytes is 
suggestive for the drug etiology, but this is not a spe-
cific finding. Other BAL patterns include neutrophilia 
or a pattern of lymphocytosis and neutrophilia or 
eosinophilia. BAL samples should be processed with 
special stains, cultures and molecular techniques for 
the detection of bacteria, fungi and protozoa and 
viruses, including the recently recognized metapneu-
movirus and H1N1 [51]. A lung biopsy may be 
required in selected cases, since drug-induced lung 
disease may be a mimic of Pneumocystis pneumonia 
[52] and other opportunistic infections [53]. The 
TBLB approach can document interstitial pneumonia 
although sample size may be an issue. Histopathological 
features include interstitial inflammation, edema and a 
cellular interstitial infiltrate. Less common findings 
include granulomas during treatments with metho-
trexate [43], interferon [54] or lenalidomide [55], 
organizing pneumonia with rituximab or thalidomide, 
and interstitial fibrosis [43]. Alveolar edema or hem-
orrhage may be found as a manifestation of severe 
ILD [43, 56].

Management includes drug removal and supportive 
care. This may suffice in benign cases [57]. 
Corticosteroids are indicated in severe cases once an 
infection has been reasonably ruled out. Oral predniso-
lone or i.v. methylprednisolone daily for a few days is 
indicated depending on severity, followed by a taper-
ing dosage of oral corticosteroid therapy. Mega-doses 
of methylprednisolone of 1 g/day are given to patients 
in some countries, with no documented benefit com-
pared to a standard dose regimen. Fatalities have been 
reported in patients with severe disease, particularly if 
corticosteroids were not given in time and in patients 
rechallenged with the drug [30]. Lung fibrosis follow-
ing recognition and treatment of this problem is sel-
dom seen. Although rechallenge with the drug may not 
be followed with relapse [32, 58], this should be dis-
cussed on an individual basis. Patients and caregivers 
should be instructed to avoid unjustified reexposure to 
the drug or to a congener.

 31.3.1.2 Eosinophilic Pneumonia

The association of pulmonary infiltrates with blood 
and/or tissue eosinophilia defines eosinophilic pneu-
monia. This is an uncommon pattern of lung response 
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to drugs used in hematology, contrasting with non-
steroidal antiinflammatory drugs and minocycline. 
Causal hematology drugs include bleomycin, chloram-
bucil, cladribine, cotrimoxazole, fludarabine, GM-CSF, 
interferon, inhaled or parenteral pentamidine, procarba-
zine and radiocontrast media. More common causal 
agents include nonsteroidal antiinflammatory drugs or 
minocycline [11]. Adverse reactions to methotrexate or 
blood transfusion can be accompanied by mild periph-
eral eosinophilia, but the BAL and pathologic features 
are not those of eosinophilic pneumonia. Onset of the 
condition is unpredictable. Acute eosinophilic pneumo-
nia may produce acute respiratory failure. Unusual PIE 
cases present with rash and internal involvement, and 
this has been aptly coined DRESS for drug-rash and 
eosinophilia with systemic symptoms. A few DRESS 
cases were described with the use of azathioprine, bort-
ezomib, hydroxyurea and imatinib [59]. On imaging, 
PIE is in the form of the photographic negative of pul-
monary edema, or it is disseminated with faint shadow-
ing, discreet ground-glass, Kerley “B” lines, or dense 
and diffuse infiltrates. An increase in blood, BAL and/
or lung tissue eosinophils is diagnostic. The lung biopsy 
rarely is required and shows an interstitial infiltrate of 
eosinophils admixed with mononuclear cells. Drug dis-
continuance is indicated. Corticosteroids are reserved 
for severe cases. Outcome is good.

31.3.1.3  Interstitial Lung Disease  
with a Granulomatous Component

Granulomatosis has been reported in a few patients 
after treatment of non-Hodgkin’s disease in the form 
of reticulo-nodular infiltrates and/or medisatinal 
lymphadenopathy [60, 61]. Most cases of drug-induced 
granulomatosis with or without extrathoracic organ 
involvement and hypercalcemia are related to treat-
ments with interferon alpha or beta. Methotrexate and 
lenalidomide can also produce a granulomatous pul-
monary reaction (see below under interferon and 
methotrexate).

31.3.1.4  Organizing Pneumonia

Organizing pneumonia (OP/BOOP) is a distinctive 
pattern of lung response to a few drugs and to 
hematopoietic stem cell transplantation as well, which 

is best defined by the pathologic finding of alveolar 
and ductal buds of connective tissue or fibrosis. Strictly 
speaking, organizing pneumonia is best diagnosed 
when a large sample of lung tissue is available for 
review to make sure BOOP is not an incidental finding 
among other more distinctive pathologic features. 
Claimed cases of BOOP without pathologic evidence 
are equivocal. This is not trivial, for pulmonary asper-
gillosis and BOOP can be indistinguishable on imag-
ing [53]. Causal drugs used to treat hematologic 
conditions include bleomycin, busulfan (mostly the 
acute busulfan lung), cyclophosphamide, interferon, 
lenalidomide, rituximab, thalidomide and chemother-
apy [11, 62]. At any rate, the diagnosis of drug-induced 
BOOP is against the background of BOOP, which can 
occur as a late noninfectious pulmonary complication 
in hematopoietic stem cell transplant recipients [5]. 
BOOP can manifest with chest pain, dyspnea and areas 
of consolidation or without respiratory failure [63], or 
it is discovered incidentally on imaging [64]. Nodular 
organizing pneumonia is a distinctive pattern of bleo-
mycin pulmonary toxicity and is in the form of round-
shaped areas of consolidation that may localize in lung 
bases and simulate metastatic lung disease [65]. A lung 
biopsy may be required to exclude this possibility [66], 
although clinical reasoning and observation coupled to 
18F-dideoxyglucose PET scanning may suffice [67]. 
There is no BAL pattern that is characteristic of this 
condition. The percentage of lymphocytes and/or of 
neutrophils or eosinophils can be increased. If a lung 
biopsy is contemplated, the video-assisted approach is 
preferred as a larger sample lends greater support to 
the diagnosis. Histology reveals interstitial inflamma-
tion, superimposed on the dominant background of 
alveolar and ductal fibrosis [68]. Some patients present 
with overlapping features of organizing and eosino-
philic pneumonia [66]. Drug discontinuation with cor-
ticosteroid therapy in severe cases is followed by 
improvement.

 31.3.1.5  Diffuse Alveolar Damage  
and the Chemotherapy Lung

The treatment of hematologic malignancies with che-
motherapy agents, particularly alkylating agents but 
not exclusively so, may induce a pattern of lung 
derangements termed the “chemotherapy lung,” a wide-
ranging term [14, 69]. Patients treated for leukemia, 
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particularly patients with high blast counts during 
remission induction [70], Hodgkin’s disease or non-
Hodgkin’s lymphoma and recipients of bone marrow or 
stem cell transplant are at risk. The entity refers to non-
hemodynamic, noninfectious and nonneoplastic pul-
monary complications, which develop in a variable 
proportion of patients (<1–60% in some phase I or II 
studies) following administration of single-agent (e.g., 
BCNU or other nitrosoureas, bleomycin, bortezomib, 
busulfan, chlorambucil, cyclophosphamide, docetaxel, 
gemcitabine, melphalan, methotrexate, procarbazine, 
vinblastine) or multi-agent chemotherapy, particularly 
when drugs were used at elevated dosages or there is an 
association of several lung-toxic drugs with or without 
radiation therapy in the treatment schedule [71–73]. 
Substitution of one agent in a chemotherapy regimen 
can markedly alter the safety profile. For instance, in 
patients with de novo-treated Hodgkin’s disease, the 
substitution of gemcitabine with dacarbazine in the 
ABVD regimen [doxorubicin, bleomycin, vinblastin, 
gemcitabine instead of dacarbazine (ABVG)] resulted 
in an unacceptable 42% incidence rate of pulmonary 
toxicity [74]. Likewise, in a phase I/II dose-escalation 
study in 27 patients with advanced-stage Hodgkin’s 
disease, the substitution of gemcitabine for etoposide 
in the escalated BEACOPP regimen (bleomycin, doxo-
rubicin, cyclophosphamide, vincristine, procarbazine, 
prednisone and gemcitabine instead of etoposide) 
resulted in pulmonary toxicity in 29.6% of the patients 
[75]. Crucially, the disease needs be separated from an 
infection, mainly pneumonia due to Pneumocystis 
jiroveci or viral agents [76], acute heart failure and an 
acute transfusion reaction [77, 78]. If investigation of 
the sputum, BAL, blood and other fluids is unrevealing, 
especially on two consecutive evaluations for an infec-
tion, the diagnosis of chemotherapy lung is entertained 
further. It is challenging to assess the specific responsi-
bility of each drug in the regimen to the syndrome if 
patients have received several pneumotoxic agents con-
comitantly or in sequence. Assessing causality is 
important though, for identification of the causal drug 
may allow selective drug discontinuation rather than 
withdrawal of all drugs in the chemotherapy regimen. 
It may be possible to discern methotrexate or bleomy-
cin pulmonary toxicity when it occurs in patients 
receiving a multi-agent chemotherapy regimen. For 
instance, non-Hodgkin’s lymphoma patients who 
received m-BACOD or m-ACOD regimens developed 
a picture similar to methotrexate lung, whereas 

no pulmonary infiltrates were observed in patients 
receiving the CHOP regimen, which does not include 
methotrexate [79]. Similarly, the different incidence of 
pulmonary events in two arms of a therapeutic regimen 
that differed by only one drug (for instance with or 
without bleomycin, BCNU, CSF, gemcitabine, or radi-
ation therapy) or by the dosage of one particular drug 
(e.g., low vs. high BCNU) enabled deducing which 
drug was exactly causing the reaction [80]. The likeli-
hood of developing chemotherapy lung is increased 
when radiation therapy to the chest, TBI, oxygen, and 
possibly CSFs are given concomitantly. The term ‘che-
motherapy lung’ is not ideal, because non-chemother-
apy agents such as ATRA, IL-2 and imatinib, oxygen, 
transfusion of blood or proteins including IVIG, infu-
sion of stem cells, radiation therapy and nonchemo 
agents can also cause the syndrome [11].

In addition to the intrinsic risk attendant to specific 
drugs, with busulfan carrying an extra risk compared 
to other chemotherapeutic agents [81], other factors 
include advanced age, current smoking, drug dosage 
and intensity of the conditioning regimen [myeloabla-
tive vs. nonmyeloablative, multi-agent combination 
chemotherapy, abrupt corticosteroid withdrawal, the 
type of stem cell transplantation (allogeneic vs. autolo-
gous, T-cell depleted) and a background of graft-vs.-
host reaction in transplant recipients].

Time to onset of the chemotherapy lung is variable 
from shortly after the first administration of low doses 
of the drug [70, 82] to months into treatment or after 
termination of treatment. Usual doses of oral corticos-
teroids may not prevent the condition from developing. 
Depending on patient and time of diagnosis, the che-
motherapy lung may have overlapping features with, 
and be difficult to distinguish clinically and on imag-
ing from acute pulmonary edema, diffuse alveolar 
hemorrhage, accelerated pulmonary fibrosis or dense 
interstitial pneumonias. The main histopathological 
feature of chemotherapy lung is diffuse alveolar dam-
age (DAD) with, characteristically, hyaline membranes 
and fibrin deposits lining the alveolar border, dysplasia 
of type II cells, free alveolar fibrin, cells and debris in 
alveolar spaces, and various stages of interstitial edema 
and alveolar inflammation and organization [83–85]. 
Reactive type II pneumocytes are sometimes present in 
BAL mounts [86]. The term idiopathic pneumonia 
syndrome (IPS) or delayed pulmonary toxicity syn-
drome (PTS) is used in recipients of stem cell trans-
plant [5] to denote late lung changes that may result 
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from previously inflicted insult collectively induced by 
chemotherapeutic agents, conditioning regimens and 
total body irradiation [87, 88].

The clinical imaging expression of chemo- or 
chemo-radiotherapy lung is wide ranging [38–40, 89]. 
At one end of the spectrum, patients present with iso-
lated dyspnea and a progressive decrease in the diffus-
ing capacity as the only manifestation of toxicity [90]. 
Others present with bilateral interstitial and/or alveolar 
shadowing, which abates after discontinuation of the 
drugs and/or corticosteroid therapy [91]. Yet other 
patients with severe presentation progress to respira-
tory failure and respiratory death despite drug discon-
tinuation [92]. The HRCT discloses scattered 
ground-glass haze, inter- and/or intralobular septal 
thickening or areas of condensation [40]. If patients 
are able to withstand the test, pulmonary function is 
restrictive, and hypoxemia is present. The diffusing 
capacity is decreased, and typically the decrease pre-
dates the onset of symptoms or the development of 
radiographic abnormalities. The changes are progres-
sive or can be reactivated with further treatment with 
the causal drug, notably bleomycin or rituximab, and 
careful follow-up is needed before any further admin-
istration of the drug is contemplated [73, 90]. The BAL 
indicates an increase in neutrophils, or neutrophils and 
activated lymphocytes [93].

A lung biopsy is reserved for patients with an atypi-
cal presentation or those who do not improve on 
empiric antibiotic and steroid treatment [94]. Judicious 
use of lung biopsy may help to diagnose an infection 
and tailor treatment accordingly [2, 85]. However, the 
critical condition of these patients often precludes this 
option, as the procedure is associated with increased 
mortality when it is done in patients with significant 
respiratory impairment. In the setting of chemother-
apy, the respective benefit of a minimally invasive 
approach with drug removal, empiric treatment with 
antibiotics and corticosteroids [95] as opposed to the 
more invasive approach remains unclear [96]. A frac-
tion of patients respond favorably to drug discontinua-
tion and corticosteroid drugs, especially if the condition 
is recognized early. For instance, in a series of 65 
patients with hematologic malignancies who received 
a carmustine-based conditioning regimen prior to bone 
marrow transplantation, 17 (26%) developed pulmo-
nary infiltrates thought to be drug-induced. Of these, 
15 responded to corticosteroids [97]. One patient died 
of pneumonitis [97]. Corticosteroids should be tapered 

carefully to avoid catastrophic respiratory failure [98, 
99]. Despite occasional success with immunosuppres-
sive drugs [100], the response to treatment and the 
prognosis of this condition when it is advanced, when 
corticosteroids fail or when ventilatory support is 
required are disappointing. Chemotherapy-induced 
lung toxicity may also negatively impact on the man-
agement of the underlying hematologic disease, as a 
change in therapy may be required toward less effica-
cious or more toxic drugs.

In patients who recover from chemotherapy lung, 
mild reduction of vital capacity and/or the diffusing 
capacity may persist in the long term [101], and the 
likelihood of permanent physiologic impairment is 
greater in smokers [102]. Patients who receive alkylat-
ing agents for Hodgkin’s disease or non-Hodgkin’s 
lymphoma should be discouraged from smoking, as 
persistent smoking greatly increases the likelihood of 
developing lung cancer later in life [103, 104].

The high incidence, severity and unpredictability of 
pulmonary complications from chemotherapy raise the 
question of whether early detection is meaningful using 
pulmonary function tests or imaging. Deterioration of 
indices of pulmonary function is common in patients 
exposed to chemotherapeutic agents [105, 106], includ-
ing conditioning regimens for hematopoietic stem cell 
transplantation [107]. Changes cannot be predicted on 
an individual basis and occur more in patients who 
receive TBI in addition to drugs. Corticosteroids may 
mitigate or reverse these changes [107]. In the majority 
of patients, though, these subclinical changes do not 
predict the development of overt disease. In contrast, 
exposure to methotrexate does not alter lung functions 
[108]. Some investigators believe it is prudent to dis-
continue chemotherapy once the diffusing capacity has 
decreased to <50% of pretherapy values, while others 
do not rely on this measurement since it is their belief 
that the diffusing capacity does not equate to and may 
not predict toxicity, and there is the risk of unnecessar-
ily withdrawing an effective chemotherapy [109]. An 
abrupt fall in the monthly measurement of the diffusing 
capacity may indicate impending toxicity. When radia-
tion therapy is planned after administration of chemo-
therapeutic agents, it is advisable to wait for any 
chemotherapy-induced decrease in the diffusing capac-
ity to stabilize or show a trend toward improvement, 
before the patient undergoes radiation therapy [90]. 
Although changes on imaging are common in patients 
receiving bleomycin or rituximab, it is impractical to 
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rely on imaging to detect changes consistent with pul-
monary toxicity of chemotherapeutic agents. Patients 
on chemotherapy may develop new opacities on CT 
although they never develop symptomatic disease 
[110]. There is no current agreement as to how 
patients on chemotherapy should be followed to reli-
ably and cost-effectively detect meaningful therapy-
induced pulmonary complications. However, many 
treating physicians have a chest radiograph, PFT and 
diffusing capacity measured serially during treat-
ment, particularly if patients are being treated with 
bleomycin.

31.3.1.6  Cell Lysis Pneumopathy

A subset of patients with acute leukemia and high blast 
counts may develop acute pulmonary complications 
during induction of remission in the form of diffuse 
pulmonary infiltrates and an ARDS picture with or 
without alveolar hemorrhage [111, 112]. This was 
coined cell lysis pneumonopathy [111] because the 
pathology indicates blasts in pulmonary capillaries 
and cell remnants or debris on a background of diffuse 
alveolar damage. [113]. In a recent study, pulmonary 
failure developed acutely (within 2 weeks of the initia-
tion of chemotherapy) in 8% of 1,541 patients during 
remission induction. Male sex, acute promyelocytic 
leukemia, poor performance status, lung infiltrates at 
diagnosis and increased creatinine were risk factors for 
the development of this syndrome. Seventy-three per-
cent of the patient died [70].

31.3.1.7  Drug-Induced and Iatrogenic 
Pulmonary Fibrosis

The condition mostly develops in hematology patients 
treated with BCNU, bleomycin, busulfan, chlorambu-
cil, cyclophosphamide, melphalan and/or radiation 
therapy/TBI. Less often, drug-induced fibrosis com-
plicates treatments with gemcitabine, mercaptopurine, 
methotrexate and rituximab [11]. Drug-induced fibro-
sis may develop during treatment with drugs or it is 
diagnosed after termination of treatment. Imaging 
prior to onset of treatment with the drug helps confirm 
the time course of lung changes with respect to expo-
sure to the drug or drugs, and enables separation from 
fibrosis of other causes. Early disease is in the form of 

linear or streaky opacities and loss of volume. 
Honeycombing is a late and inconsistent finding. For 
those patients who are still on the causal drug, drug 
removal may not be followed by improvement, and 
the response to steroids is often not gratifying. On his-
tology, there is interstitial fibrosis, and the lung struc-
ture may not be retained. A reactive epithelium is 
suggestive of but not specific to exposure to alkylating 
agents and/or radiation therapy. In children or adults 
who have received cyclophosphamide for the treat-
ment of hematologic malignancy, pleural and subpleu-
ral fibrosis can develop in addition to the more classic 
changes of pulmonary fibrosis [114]. This results in 
encasing of the lung, anteroposterior narrowing of the 
chest and severe restrictive physiology causing respi-
ratory failure. It is unfortunate when the syndrome 
develops in a child, while the basic disease is cured. 
A few patients who received chlorambucil or metho-
trexate develop accelerated pulmonary fibrosis in the 
form of acute interstitial pneumonia [115, 116]. The 
outcome of pulmonary fibrosis is poor, despite drug 
withdrawal and institution of high-dose corticoster-
oids. Lung transplantation has been an option in a few 
patients.

 31.3.1.8 Drug-Induced Pulmonary Edema

Noncardiac pulmonary edema (NCPE) shows a clas-
sic pattern of response to several chemotherapeutic 
agents used to treat hematologic conditions. NCPE is 
due to the loss of integrity of the endothelial barrier 
and consequent fluid leakage. NCPE is characterized 
by the rapid or sudden onset of dyspnea, hypoxemia 
and  alveolar infiltrates, with no evidence of left ven-
tricular dysfunction or iatrogenic circulatory overload 
[although drugs used to treat malignancies may cause 
deterioration of cardiac function and cardiogenic pul-
monary edema [117–121]. There is often close tem-
poral association of exposure to the drug, onset of 
dyspnea and the development of pulmonary infiltrates. 
Chemotherapeutic agents associated with NCPE 
include ATG, cytosine arabinoside, all-transretinoic 
acid (ATRA), amphotericin-B, arsenic trioxide 
(As

2
O

3
), bleomycin, blood and blood components, 

carmustine, CSF, cyclophosphamide, deferoxamine, 
docetaxel, doxorubicine, fludarabine, gemcitabine, 
interleu-kin-2, methotrexate, mitomycin, radiocon-
trast agents,  rituximab, vinorelbine and vinblastine 
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and several multiagent chemotherapy regimens [11, 
122]. Most patients present with NCPE as an isolated 
finding, but in a few, weight gain, lower extremity or 
more diffuse edema and pleural and/or pericardial effu-
sions suggest capillary leak [122, 123]. Pathology indi-
cates bland pulmonary edema, with proteinaceous fluid 
filling most alveolar spaces and sometimes diffuse alve-
olar damage with little or no inflammation [37]. Severe 
cases can be fatal, but in most the infiltrates resolve with 
supportive care and corticosteroid therapy.

31.3.1.9  Diffuse Alveolar Hemorrhage

DAH is a unusual pattern of response to drugs in 
hematology patients [124]. This condition is on the 
background of DAH as a manifestation of the under-
lying disease with or without thrombocytopenia. 
Alemtuzumab, anticoagulants, ATRA, cytosine arabi-
noside and CSFs can produce this condition [11]. 
DAH can also occur with induction of remission in 
leukemia [125] and as a complication of hematopoi-
etic stem cell transplantation [5, 29, 126, 127]. DAH 
is characterized by dyspnea, recent anemia, bilateral 
infiltrates and hypoxemia. The diagnosis is by BAL, 
which shows increased blood staining in sequential 
aliquots. DAH can be fatal [127].

31.3.2  Pulmonary Nodules

Single or multiple nodules with the features of BOOP 
or circumscribed fibrosis on pathology may develop in 
children and in adults following treatments with aracyt-
ine, bleomycin, bleomycin and cyclophosphamide, and 
vinblastine [66, 67, 128–130]. Nodules can pose a dif-
ficult challenge in a patient with a history of malignancy, 
particularly when they assume a round shape. A critical 
review of other etiologies is necessary [131]. Close fol-
low-up including imaging and 18F-dideoxyglucose 
PET scan is indicated. A lung biopsy may be required to 
confidently exclude malignancy. A patient with chronic 
lymphatic leukemia developed multiple shaggy lung 
nodules during treatment with fludarabine [132]. The 
nodules corresponded to sterile aggregates of mononu-
clear cells on pathology. They disappeared after drug 
withdrawal and corticosteroid therapy.

Hematopoietic stem cell recipients may develop 
multiple pulmonary nodules in the context of fever a 
few months after infusion. Histological studies indi-
cate sterile necrotic aggregates of leukocytes and a dis-
rupted endothelium. The lesions have been coined 
pulmonary cytolytic thrombi [133].

Careful exclusion of malignancy and an infection is 
required in all cases, for infection due to Pneumocystis 
jiroveci, Aspergillus sp. and other fungi, HSP, Rhodo
coccus, Mucor, Cryptococcus, Fusarium and tubercu-
losis can manifest with lung nodules.

31.3.3  Acute Chest Pain

White et al. reported on 12 episodes of severe chest 
pain during infusions of bleomycin, suggesting the 
diagnosis of acute cardiac or pulmonary events [134]. 
Incidence of the syndrome was 2.8% of the patients 
being treated with the drug. Electrocardiographic 
changes suggestive of pericarditis were found in two 
cases and radiographic evidence of a small pleural 
effusion in one. The syndrome was self-limited or 
relieved with analgesics, and improvement was seen 
when the infusions were stopped. Further courses of 
bleomycin did not lead to recurrent episodes. There 
were no long-term sequelae. Substernal pain or pres-
sure also was described during treatments with high-
dose etoposide [135, 136] and methotrexate [137]. The 
lupus syndrome induced by drugs (for instance inter-
feron) may manifest with acute chest pain [138]. 
Infusions of 5-fluorouracil or etoposide can produce 
acute coronary spasm and consequent chest pain [136]. 
Chest pain is a recognized adverse event in stem cell 
donors during mobilization [139].

31.3.4  Bronchospasm

Wheezing and bronchospasm are common symptoms 
in patients receiving antineoplastic drugs including 
monoclonal antibody therapy such as alemtuzumab or 
rituximab [140, 141]. Wheezing may be part of the 
“infusion reaction,” a constellation of symptoms 
including dyspnea, cough, facial flushing, skin rash or 
urticaria, pruritus, chest tightness and malaise. There 
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is relapse upon rechallenge, except if pretreatment is 
given or the dose is reduced.

Bronchospasm has been reported with the use of 
amphotericin B, l-asparaginase, amphotericin B, 
campath-1H, etoposide, GM-CSF, methotrexate, pro-
carbazine, vinca alkaloids and corticosteroid drugs 
[11]. The excipients and solvents dimethylsulfoxide 
[142] and cremophor [143] have also been implicated. 
There is a close temporal relation of drug administra-
tion and wheezing, and in most patients symptoms 
are mild to moderate. Patients with bronchospasm 
could be successfully rechallenged using slower doses 
or infusion rate, or following premedication with 
antihistamines and corticosteroids.

Some patients develop anaphylaxis, a life-threaten-
ing reaction with upper airway obstruction, severe 
bronchospasm, abdominal cramps and shock [144]. 
Drugs including antibiotics, anesthetic agents, oxalip-
latin and blood can cause this condition [145, 146].

31.3.5  Pleural Involvement

Pleural effusion can be present on imaging in patients 
with pulmonary reactions to methotrexate, procarba-
zine or ATRA, especially if the reaction is severe [11, 
147]. Bleomycin, cyclophosphamide, IL-2, IVIG, 
methotrexate, ATRA and radiation therapy can pro-
duce lone exudative pleural effusions [11, 148]. Pleural 
thickening and retraction is a form of late cyclophos-
phamide toxicity [114, 149]. Pneumothorax can com-
plicate fibrosis induced by BCNU, cyclophosphamide 
or bleomycin [150]. Radiation-induced pleural changes 
are mentioned below.

31.3.6  Late Changes

Mild drug-induced reduction of vital capacity and/or 
diffusing capacity may persist for a few months in 
patients treated for hematologic malignancies. The 
likelihood of permanent physiological impairment is 
greater in smokers [102]. Follow-up of patients is 
required, especially in those who received a stem cell 
transplant, to monitor progressive changes (although 
their incidence is lower than it used to be [151]) and to 

detect post-treatment lymphoproliferative disease and 
other malignancies.

31.3.7  Drug-Induced Lymphoma  
and Second Cancers

As basic disease-related mortality has decreased with 
time in patients with Hodgkin’s disease and non- 
Hodgkin’s lymphoma once remission is obtained, ther-
apy-related mortality increases with time and is 
becoming the most prevalent cause of late deaths [152]. 
Although a downward trend in mortality has been 
noted in more recent years (1980–1995) compared to 
the prior treatment era (1962–1980), second cancers 
and cardiovascular complications still account for 20% 
and 14% of late deaths, respectively [152]. The risk of 
second or higher-order lung cancer in Hodgkin’s dis-
ease and non-Hodgkin’s lymphoma is increased [153], 
and it correlates with the dose of radiation delivered to 
the lung, amount of chemotherapeutic agents received 
and whether the patient is a smoker. In one study, the 
relative risk of lung cancer in patients who received 
³9.6 Gy was 9.6 compared to <1 Gy. Patients who had 
smoked >10 pack-years after the diagnosis of 
Hodgkin’s disease had a further sixfold increase in 
risk, compared with patients who smoked <1 pack-
year. A positive interaction on a multiplicative scale 
was observed between the carcinogenic effects of 
smoking and radiation [103]. Studies have found a 
positive interaction between treatment with MOPP 
(mechlorethamine, vincristine, procarbazine and pred-
nisone), the number of cycles and the risk of lung can-
cer [154]. Radiation therapy added to the risk [155]. In 
another study, treatment with MOPP was associated 
with a greater risk of lung cancer, compared to chloram-
bucil, vinblastine, procarbazine and prednisone [156]. 
Since tobacco use appears to synergize the risks from 
treatments and increase lung cancer risk more than 15- 
to 20-fold, physicians treating these patients need to be 
wary of the risk and should make a special effort to 
dissuade patients with Hodgkin’s disease from smok-
ing after receiving chemotherapy and radiotherapy. 
Smoking cessation is a vital part of long-term manage-
ment of such patients.

Incidence of pleural mesothelioma increases post- 
radiation therapy in malignant lymphoma survivors [157]



398 P. Camus

31.4  Drugs Causing Pleuropulmonary 
Toxicity in Hematology

31.4.1  Amphotericin B

Not uncommonly, infusions of amphotericin B pro-
duce wheezing and bronchospasm [11, 158]. Rarely, 
amphotericin evokes an anaphylactic reaction with or 
without upper airway obstruction [159]. Not all mani-
festations will return upon rechallenge, and there are 
guidelines to reexpose patients to the drug [160].

Wright et al. described 14 patients who developed 
pulmonary infiltrates and acute respiratory failure 
shortly after infusion of amphotericin B and granulo-
cytes [161]. Lung biopsy and autopsy studies disclosed 
DAH and pulmonary edema. Other studies failed to 
confirm an association. The possibility of a TRALI 
syndrome induced by coadministered granulocytes is 
a possibility. No further case has appeared in the 
literature.

Infusion of liposomal amphotericin B or amphoteri-
cin in 20% intralipid can produce dyspnea, chest tight-
ness, pulmonary infiltrates and pulmonary edema 
[162]. Histopathological studies in a fatal case evi-
denced fat embolism with lipid material in pulmonary 
capillaries [163].

31.4.2  Anti-thymocyte Globulin

Transient pulmonary infiltrates thought to represent 
mild pulmonary edema or, less often, an ARDS picture 
have been described following anti-thymocyte globu-
lin (ATG) infusion [164]. Rechallenge was followed 
by recurrence of pulmonary infiltrates [164]. In one 
recent report, steroid-supported rechallenge was not 
followed by relapse [33].

31.4.3  All-trans-Retinoic Acid (ATRA) 
and Arsenic Trioxide As

2
O

3

All-trans-retinoic acid or ATRA, the active metabolite 
of vitamin A, and arsenic trioxide (As

2
O

3
) have 

emerged as important agents to induce remission in 

newly diagnosed or relapsed acute promyelocytic leu-
kemia [165], where these agents accelerate the differ-
entiation and maturation of normal promyelocytic 
cells, which quenched the life-threatening hemor-
rhagic complications of the disease at its onset. The 
administration of ATRA during induction of remission 
is often followed in a few days by a sharp increase in 
the number of circulating myeloid cells and neutro-
phils. This is temporally associated in some patients 
with the development of fever, weight gain, pleuritic 
chest pain, pleural or pericardial effusion, lower 
extremity edema, dyspnea, pulmonary infiltrates, pul-
monary edema, alveolar hemorrhage, or an ARDS pic-
ture [166–169]. This aggregate of symptoms developed 
an average of 8 days after initiation of treatment and is 
grouped under the eponym “retinoic acid- or ATRA 
syndrome” [166]. Similar manifestations are observed 
in patients who receive As

2
O

3
 in up to 31% in one 

study [170], causing respiratory death [171]. The con-
dition is also referred to as ATRA or retinoic acid syn-
drome. Onset of ATRA syndrome can be heralded by 
an increase in circulating neutrophils. Patients with 
neutrophil counts above 10,000/mL are considered at 
risk of developing the syndrome, while the condition 
is considered unusual in leukopenic patients [166]. 
ATRA syndrome is thought to result from the seques-
tration of activated neutrophils in pulmonary capillar-
ies, leading to acute lung injury and vascular leakage. 
Radiographic studies indicate ill-defined infiltrates, 
ground-glass opacities, lung nodules that may prog-
ress to diffuse alveolar shadows, and pleural effusions 
[172]. Blasts and promyelocytes containing Auer rods 
were evidenced in the BAL in one case [173]. Post-
mortem studies indicate maturing and mature myeloid 
cells within the pulmonary interstitium [166]. 
Capillaritis and diffuse alveolar hemorrhage have been 
reported once [174]. Patients improve on drug removal 
and high-dose corticosteroids [166]. Prophylactic cor-
ticosteroids have decreased both the severity and inci-
dence of ATRA syndrome down to about 8% [175]. 
Mortality from ATRA syndrome is about 8% or 1% of 
all patients treated with these agents. In most cases, 
ATRA therapy can be reinstituted once the syndrome 
has resolved [176], although at 75% of the initial dos-
age [177]. ATRA may also cause venous thromboem-
bolism and infarction in several end organs, including 
the lung [178]. As

2
O

3
 may also cause adverse cardiac 

effects [179].
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31.4.4  Azacytidine

The DNA hypomethylating agent azacitidine was 
approved for treatment of myelodysplastic syndrome. 
A few cases report the association of treatments with 
the drug and episodes of ILD, BOOP, or reversible 
ARDS [180–182]

31.4.5  Bis-Chlororethyl Nitrosourea 
Carmustine

The bis-chlororethyl nitrosourea (BCNU, carmustine) 
drug derives from the vesicant chemical warfare mus-
tard. BCNU is an alkylating agent introduced in 1963 
in the treatment of malignant brain tumors because of 
its low molecular weight. Currently, BCNU is used for 
the treatment of high-risk breast carcinoma and as a 
conditioning regimen for bone marrow and stem cell 
transplantation along with busulfan or cyclophosph-
amide and total body irradiation (TBI). BCNU and 
TBI are thought to play a crucial role in the pathogen-
esis of chemotherapy lung and idiopathic pulmonary 
syndrome (see above). The lower incidence of idio-
pathic pulmonary complications with nonmyeloabla-
tive as opposed to myeloablative preconditioning 
regimens supports the causal role of the intensity of the 
conditioning regimen in its development. The pulmo-
nary complications of BCNU when the drug was used 
as a solo agent have been described in children and in 
adults, and BCNU has caused pulmonary toxicity more 
often than the other nitrosoureas CCNU (lomustine), 
DCNU (chlorozotocin), methyl-CCNU, streptozoto-
cine, fotemustine, and estramustine. Carmustine lung 
damage is dose-related, and the incidence is between 
1% and 10%. BCNU pulmonary toxicity is one form 
of chemotherapy lung, and it resembles clinically, 
pathologically and on imaging the pneumonitis induced 
by bleomycin, busulfan, chlorambucil, cyclophosph-
amide, melphalan, and vinblastine. A total dose of 
1,000–1,200 mg/m2 of BCNU is considered the thresh-
old above which the incidence of pulmonary toxicity 
increases steeply when the drug is used as a single 
agent [183]. Incidence of BCNU toxicity increases 
about tenfold when cyclophospamide or irradiation is 
given concomitantly. Up to two thirds of patients 

treated with high-dose chemotherapy and BCNU 
develop clinical and physiological evidence of pulmo-
nary toxicity [184]. An attempt to reduce pulmonary 
toxicity in a modified CBV regimen using CCNU 
instead of BCNU followed by autologous hematopoi-
etic cell transplantation in 16 patients with relapsed or 
refractory Hodgkin’s disease or non-Hodgkin’s lym-
phoma was associated with a 63% incidence of inter-
stitial pneumonitis, and 6 of 16 affected patients died 
of interstitial pneumonitis [185].

Early disease presents subacutely, a form of BCNU 
lung toxicity that is more amenable to corticosteroid 
therapy, thereby having an improved prognosis [107, 
184]. Late BCNU toxicity is characterized by pulmo-
nary fibrosis [186] and progressive respiratory failure 
[187]. The histopathological appearances of BCNU 
pneumonitis are similar to those from other alkylating 
agents with interstitial edema, diffuse alveolar dam-
age, a reactive epithelium, and interstitial fibrosis 
[188–190]. Less common features include pleural 
fibrosis [189], vascular thrombosis, venoocclusive dis-
ease, or pulmonary alveolar proteinosis [187]. Long-
term follow-up indicates that a fraction of patients with 
hematologic malignancies may die late from nitros-
ourea-related respiratory failure [191].

31.4.6  Bleomycin

In the 1960s, bleomycin was one of the first drugs rec-
ognized as a cause of lung disease [192]. Bleomycin 
pulmonary toxicity (BPT) is common [193, 194] and 
there are recent reports in patients who received the 
drug with other antineoplastic agents for the treatment 
of malignant lymphoma [195, 196] or solid tumors 
[197, 198]. Many therapy-related pneumonitis cases 
that occur in patients receiving chemotherapy regi-
mens containing bleomycin (e.g., ABVD, BACOD) 
are reported as BPT [196].

Onset of BPT is not as acute as that of methotrexate 
lung. BPT can be severe, but this form of toxicity may 
be less debilitating than busulfan, nitrosoura, or 
myleran lung. The characteristics of BPT may be dis-
cernible even though bleomycin is given along with 
other chemotherapeutic agents [193]. Even though 
early reports warned of the possibility of BPT after 
low cumulative dosages of the drug [199], for many 



400 P. Camus

years it was believed that bleomycin caused pulmo-
nary toxicity only above 500 mg. In fact, although the 
incidence of BPT is dose-dependent [193], BPT can 
occur with as little as 20 or 34 mg bleomycin [200, 
201]. Renal failure places patients at higher risk of 
developing BPT [79, 202], owing to decreased clear-
ance of the drug. Slow as opposed to rapid i.v. infusion 
and intramuscular administration of bleomycin lessen 
the risk of BPT. Previous use of bleomycin should be 
considered in those patients requiring retreatment, as 
there is cumulative toxicity. In some but not all stud-
ies, advancing age was a risk factor for BPT. 
Concomitant or recent irradiation [203, 204], treat-
ments with cyclophosphamide [205], and exposure to 
high concentrations of oxygen add to the risk and may 
trigger the onset of BPT [206]. Although not everyone 
will agree [207], it is prudent to request that anesthe-
tists use the lowest possible fractional concentration of 
oxygen when patients with a history of exposure to 
bleomycin undergo any surgical procedure. In some 
but not all studies, a history of BPT negatively impacts 
overall survival of patients with malignant lymphoma 
[196, 208].

Incidence of BPT was once estimated to be 2–3% 
[209, 210], but recent figures are around 10–15% [196, 
197, 202]. Recently, a 11.5% incidence of BPT was 
reported when bleomycin was administered with vin-
cristine and cisplatin every 10 days [197]. Mortality is 
about 10%, and overall mortality was 2.3% in a study 
of 194 patients treated for germ cell tumors with this 
agent [202]. Mortality is higher in older patients, in 
those with renal failure [202], and in those with severe 
BPT, where mortality can be as high as 60% [209].

Clinically, BPT presents acutely or subacutely with 
dyspnea, and sometimes chest pain [134, 194, 210]. 
Some chest discomfort may be present at some point 
before BPT is suspected, representing early BPT that 
went unrecognized [210]. Crackles on auscultation 
may precede the radiographic changes of BPT. Imaging 
studies indicate the predominant involvement of the 
lung bases as opposed to the apices, costophrenic 
angles, and subpleural regions, and there is often gen-
eralized loss of lung volume [193, 211]. A retrospec-
tive review of chest films may show the gradual 
development of these changes, and it is easy to miss 
the actual onset of BPT. On HRCT in mild cases, a 
diffuse ill-defined ground-glass pattern or haze is 
 present. Later, patients develop discrete subpleural 
 crescent-like opacities, streaky opacities along the 

bronchovascular bundles, alveolar infiltrates, alveolar 
densities, consolidation, or the clinical-radiographic 
picture of ARDS [48, 194, 212, 213]. Changes on 
imaging correlate poorly with impairment of the dif-
fusing capacity [48]. Some patients present with 
masses on imaging that may about the pleura [48, 
214]. Pleural thickening or an effusion is an unusual 
finding. Several of the above mild HRCT findings are 
common (up to 80%) in asymptomatic patients during 
treatments with bleomycin [193]. However, they do 
not necessarily indicate toxicity, and drug discontinu-
ance is not always required. In one study, such changes 
occurred in 15 out of 18 patients [215], none of which 
developed clinically recognizable disease. Thus, serial 
HRCT may not be a practical test to ensure early 
detection of BPT, which is best monitored using his-
tory, clinical examination, pulmonary function, and 
the chest radiograph.

On pulmonary function tests a restrictive defect, 
hypoxemia, and a reduction in the diffusing capacity 
are present. A low diffusing capacity does not equate 
toxicity and may predate onset of overt toxicity by 
weeks. The BAL pattern is neutrophilic [216]. 
Pathologic features of BPT resemble those seen with 
the other alkylating agents such as busulfan, chloram-
bucil, cyclophosphamide, melphalan, and nitrosoureas. 
Tissue eosinophilia is uncommon and has been reported 
in patients with the diffuse [198, 217] and nodular 
(BOOP) [66] form of the disease. The development of 
parenchymal lung nodules in patients receiving bleo-
mycin is almost unique to this compound, and it can be 
problematical [218], raising the possibility of paren-
chymal involvement from the underlying hematologic 
malignancy [66]. The area’s BPT can be tracer-avid on 
PET scan [35, 219]. Previous imaging, time course of 
disease markers, earlier PET scan, and response to 
chemotherapy will dictate whether watchful waiting is 
indicated or a lung biopsy is necessary so separate 
these entities. Nodular BPT corresponds to the histo-
logical pattern of BOOP with or without eosinophilia 
in the tissue. Nodular BPT may shrink or clear in a few 
weeks.

Overall, the prognosis of BPT is less dismal than 
with the other alkylating agents. A sizable fraction of 
patients with BPT have reversible disease [194], even 
though there was evidence for fibrosis on pathology 
[220]. Corticosteroids are the mainstay of treatment, 
and, although no controlled study is available, there is 
clinical evidence for benefit of this form of treatment 
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in mild or moderate BPT. Corticosteroid therapy can 
be without an effect in severe BPT [197]. It is consid-
ered that if patients survive the initial episode of BPT, 
they are likely to recover gradually [194]. Early or 
abrupt withdrawal of corticosteroids is discouraged, as 
this may lead to a severe relapse of BPT [209], and a 
slow taper is recommended. Some patients develop 
irreversible bleomycin-induced pulmonary fibrosis 
[221] with, ultimately, honeycomb lung and clubbing, 
and die from the condition [209].

The question of whether serial pulmonary function 
testing is useful in identifying patients who will 
develop BPT was assessed in 59 men with non-semi-
nomatous testicular carcinoma (the findings probably 
apply to hematology patients as well) [110]. Patients 
received a three-course regimen consisting of vinblas-
tine, bleomycin, and platinum. The average bleomycin 
dose was 555.5 units. Pulmonary physiology was seri-
ally evaluated prior to each treatment course. The 
 diffusing capacity fell significant by 11.8% with bleo-
mycin treatment. However, the diffusing capacity 
failed to predict which patients would develop clinical 
toxicity. The reduction in the total lung capacity had a 
better correlation with clinical toxicity [110]. Despite 
the inability of the diffusing capacity to detect patients 
who will develop clinical toxicity [110, 222], serial 
measurement of lung volumes and of diffusing capac-
ity are still routinely performed in this population also 
for medical-legal reasons [223]. The diffusing capacity 
decreases in up to 75% of the patients treated with 
bleomycin, and in only a few will clinical toxicity 
develop [223]. Any asymptomatic impairment of the 
DLCO is likely to improve slowly upon termination of 
treatment. The lung of patients exposed to bleomycin 
in the remote past should be considered vulnerable, as 
suggested by occasional reports of unexpected ARDS 
after minor insults years after termination of treatment 
with this agent [224].

31.4.7  Blood and Blood Products: 
Transfusion-Related Acute 
Lung Injury

TRALI is a potentially devastating complication 
defined by hypoxemic respiratory failure within 6 h of 
transfusion, once other causes are excluded. To some 

extent, TRALI is avoidable and can be prevented. By 
definition, acute lung injury is defined by a PaO

2
/FIO

2
 

ratio <300, hence the term TRALI. However, some 
severe TRALI cases would deserve the eponym 
TR-ARDS, for the PaO

2
/FIO

2
 ratio in those cases is 

<200. TRALI is a noncardiogenic pulmonary edema 
that is temporally and mechanistically related to trans-
fusion of blood and/or blood components. TRALI 
occurs within 6 h of transfusion. TRALI results from 
the sequestration of primed and activated neutrophils 
in the pulmonary circulation, thereby causing endothe-
lial injury and consequent fluid leakage. TRALI is 
more common in ICU patients [225], and the condition 
adversely affects outcome. TRALI has a 10% atten-
dant mortality and is the leading cause for transfusion-
related deaths [78, 225–231]. Although all blood 
components have been implicated in TRALI, those 
that contain a significant amount of plasma, namely 
fresh frozen plasma and whole blood-derived platelet 
concentrates, are exposed to a higher risk, compared to 
red blood cells or whole blood [230, 232]. Plasma-rich 
components carry a greater risk of containing a sub-
stantial quantity of antibody from a donor, which in the 
majority of cases is the cause of TRALI. Whole blood, 
immunoglobulins, stem cells, or, rarely, autologous 
blood have also been implicated [230, 232].

TRALI results from the transfusion of an anti-
HLA I, -HLA AII, or human neutrophil alloantigen 
(HNA-3a-(5b)) antibody from one donor in the pool 
into patients whose leukocytes express the correspond-
ing cognate antigens [230]. Such antibodies are found 
in 60–85% of cases. The case for a relationship is more 
compelling if concordance between the antigen speci-
ficity of the leukocyte antibodies in the donor plasma 
and the corresponding antigen on the cells of the 
affected recipient is demonstrated [233]. This is found 
in about 50% of cases. The antibody-antigen interac-
tion causes complement-mediated activation and 
sequestration of neutrophils in the pulmonary circula-
tion and intravascular cholesterol crystal formation 
[234], endothelial damage, vascular leakage, and con-
sequent pulmonary edema [230, 234, 235]. Antibodies 
are more prevalent in women with a history of preg-
nancies, and the antibody titer increases with the num-
ber of pregnancies. Antibody prevalence is lowest in 
men and in nulliparous women. Although this anti-
body-antigen hypothesis is attractive, there are anti-
body negative TRALI cases, TRALI can occur in 
neutropenic patients, and there is one cause of TRALI 
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following auto-transfusion. Understanding and recog-
nizing TRALI are important. The responsible donor, 
generally a multiparous woman with high titers of 
antibody, should be identified. Laboratory investiga-
tions should be undertaken in donors to identify the 
antibody and in the recipient to determine whether his 
leukocytes bear the cognate antigen. Then the TRALI 
case can be classified into immune or nonimmune 
TRALI, the blood bank should be notified to quaran-
tine other components from the same donation until 
the diagnosis is confirmed, and the implicated donor is 
identified. The implicated donor should be deferred 
from further blood donation or their blood diverted to 
prepare plasma-poor products, not whole blood, FFP, 
or platelets [232].

TRALI is poorly known [236], and it is underre-
ported [237]. Incidence of TRALI is about 1 in 5,000 
transfusions in the US (between 0.08% and 0.16% of 
all blood transfusions) and is less in Europe. Incidence 
is higher in ICU patients and in patients with a history 
of recent bypass surgery, recent infection, in patients 
with hematologic diseases, and in those who received 
CSF. This is consistent with a two-hit hypothesis for 
TRALI, whereby pulmonary endothelial cells are first 
activated, and PMN are primed and sequester in the 
pulmonary circulation. Then, transfusion of a biologic 
response modifier such as anti-granulocyte antibody or 
biologically active lipids activates adherent neutrophils 
resulting in endothelial damage vascular leakage and 
TRALI [238].

By definition, the symptoms of TRALI develop 
within 6 h of the transfusion in the form of abrupt 
respiratory failure with rigors, dyspnea, tachypnea, 
cyanosis, hypotension, leukopenia, mild eosinophilia 
“whiteout” of the lungs [239], and evidence for fluid 
leakage [240]. Severe cases are heralded by a protein-
rich exudate at the mouth or in ventilator tubings 
[241]. Sudden intraoperative hypoxemia during blood 
transfusion or infusion of FFP should raise the suspi-
cion of TRALI [242, 243]. Transient hypoxemia fol-
lowing blood transfusion in patients on the respirator 
may correspond to TRALI [238]. The main competing 
diagnoses include transfusion-associated circulatory 
overload or TACO (both conditions can coexist), 
transfusion-related sepsis, anaphylaxis, and hemolytic 
reactions [244]. Imaging studies and measurement of 
BNP levels may aid in separating TACO from TRALI 
[245], and an important distinction for diuretics is 

contraindicated in TRALI [230]. Once TRALI is 
 suspected, laboratory investigation should be under-
taken on the remains of transfused products, in the 
recipient, and in donors whose blood or component 
were given within 6 h prior to the development of 
TRALI for the presence of antibodies [226]. 
Retrospective investigation can evidence an antibody 
in one donor in the pool in up 89% of cases [246], and 
a cognate antigen-antibody correlation was identified 
in 14 of 16 TRALI cases in one study [247].

Underrecognition and underreporting of TRALI 
may have detrimental consequences. A lookback 
investigation following a fatal case of TRALI indicated 
that administration of blood from the implicated donor 
had produced 15 previous adverse reactions in 14 
patients, of which eight were severe [226]. Only two 
were reported to the regional blood collection facility, 
and the donor was not deferred from blood donation 
[226]. Other less common mechanisms for TRALI 
include antileukocyte antibody in the recipient that 
react with donor’s leukocytes [248] and shelf aging of 
blood products, leading to accumulation of lipid-
derived biologic response modifiers.

Management of TRALI is supportive and includes 
judicious fluid management, oxygen, and mechanical 
ventilation in severe cases. Approximately three 
quarters of patients with TRALI need ventilatory 
support. The effect of corticosteroid drugs is contro-
versial. Diuretics should be used with caution as 
TRALI often is associated with fluid leakage, and 
diuretic therapy may aggravate hemodynamic insta-
bility [249]. Diuretics are reserved for cases with 
documented fluid overload and/or left ventricular 
failure [244, 249]. Most TRALI cases will recover 
within 96 h.

Prevention of TRALI relies on parsimonious use of 
blood transfusion, particularly of plasma rich blood 
components and in the ICU. Other measures include 
blood washing to remove biologically active sub-
stances, the use of solvent-detergent plasma, improved 
donor selection, male predominant or male only pol-
icy, which is associated with a reduction in the inci-
dence of TRALI, and minimization of shelf life of 
blood products. Awareness, proper recognition, and 
reporting of TRALI are essential. Screening blood 
donors or testing donors with a history of pregnancy or 
transfusion is a logical and cost-effective TRALI pre-
vention strategy. However, this may not meet with 
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success, as not all blood components with antibodies 
will produce TRALI in the clinic.

31.4.8  Bortezomib

Treatments with the proteasome inhibitor bortezomib 
have been associated with the development of pulmo-
nary infiltrates [250–253]. The incidence is 3% in 
Japan and is less in the West. The highest recorded 
incidence was 31% [254]. Corticosteroid therapy may 
prevent the development of bortezomid-associated 
pulmonary infiltrates. The condition needs be sepa-
rated from the pulmonary manifestations of multiple 
myeloma, which include plasma cell infiltrates and 
crystal-storing histiocytosis, and from an infection 
[20, 22].

31.4.9  Busulfan (Myleran)

Most cases of busulfan lung were described in the 
1960s and 1970s [255], when the drug was used as a 
single-agent for the treatment of chronic myelogenous 
leukemia [256]. Nowadays, busulfan is mainly used in 
conditioning prior to hematopoietic stem cell trans-
plantation, where busulfan pulmonary toxicity is 
enhanced by drug dosage as seen in recipients of 
autologous stem cell transplant [257] and by concomi-
tant irradiation [257]. Time to onset of busulfan lung is 
from a few weeks to 10 years. Administration of other 
chemotherapy agents increases the risk of developing 
the condition. Busulfan lung is notable for hugely 
reactive alveolar cells in the lung and in other epithelia 
[258], pulmonary fibrosis [259], and, less commonly, 
a pattern of organizing pneumonia [260], or pulmo-
nary alveolar proteinosis [261]. Long-term exposure 
to busulfan may produce a brownish discoloration of 
the skin simulating Addison’s disease [256]. Although 
the incidence of busulfan lung is relatively high, with 
figures up to 6%, the disease is difficult to predict as 
pulmonary function of unaffected patients may remain 
unchanged during treatment [262]. Although reports 
of pure busulfan lung have decreased in the past years, 
busulfan pulmonary toxicity continues to afflict 
patients with hematologic malignancies or breast 

carcinoma who receive chemotherapy regimens 
including this drug, although the lung illness in these 
cases is not coined busulfan lung any longer [257].

31.4.10  Chlorambucil

Chlorambucil is prescribed primarily for the treatment 
of chronic lymphatic leukemia and low-grade lympho-
mas. The clinical imaging presentation and pathologic 
features of chlorambucil pulmonary toxicity are not 
dissimilar to those described in other alkylating agent-
induced pulmonary toxicity [263–265]. Notably, there 
are atypical changes in alveolar lining cells. A handful 
of cases of seemingly cellular interstitial lung disease 
have been reported, with recovery following drug dis-
continuance and corticosteroid therapy [265]. One 
recent case report of focal BOOP is thought to reflect 
chlorambucil pulmonary toxicity [266].

31.4.11  Colony-Stimulating Factors

Colony-stimulating factors (G & GM-CSF) stimulate 
the production of neutrophils from committed 
hematopoietic progenitor cells. These agents are used 
to restore neutrophil counts in patients who are receiv-
ing myeloablative chemotherapy or have aplastic ane-
mia, and to mobilize progenitor cells in stem cell 
donors. A few case reports described pulmonary infil-
trates in patients receiving G-CSF monotherapy [7, 
267, 268]. Most cases described pulmonary infiltrates 
or ARDS in patients who were being treated with che-
motherapeutic agents (bleomycin, busulfan, metho-
trexate, or TBI) in conjunction with G- or GM-CSF 
[208, 269]. In a series of 36 patients with non- 
Hodgkin’s lymphoma receiving a BACOP regimen, 
12 received recombinant G-CSF. Out of these 12, four 
developed respiratory complications (3 died), as 
opposed to 1 of 24 unexposed patients [270]. Other 
reports reported fatal respiratory distress in patients 
receiving CSF for hematologic malignancies [271] or 
nonneoplastic conditions [271].

Experimental evidence indicates that G-CSF leads 
to sequestration of activated neutrophils in lung [272] 
and enhances the damage from bleomycin [273]. 
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However, a randomized study in patients with germ 
cell tumors failed to demonstrate an increase in inci-
dence of BPT in patients who were exposed G-CSF 
compared to bleomycin controls [274]. In several 
patients, but not in all, pulmonary infiltrates developed 
concomitant with CSF-induced peak in circulating 
neutrophils [275]. A few cases were described in 
patients who had persistently low neutrophil counts.

Clinical severity ranged from transient subclinical 
hypoxemia [276] to diffuse pulmonary infiltrates or an 
ARDS picture [276]. Lymphocytosis was found in the 
BAL in one case [277]. CSF-associated infiltrates 
cleared in a few days or they persisted for weeks. 
Mortality is about 20%, and prognosis is improved on 
corticosteroid therapy [275]. Rechallenge may not lead 
to relapse of the pulmonary infiltrates [275].

CSF-induced mobilization in donors can also induce 
pulmonary complications. These range from a subclin-
ical drop in PaO

2
 with a widened A-a oxygen gradient 

[278] to pulmonary infiltrates, ARDS, or capillary leak 
and pleuropericardial effusion [7, 268, 278, 279].

31.4.12  Corticosteroids

Long-term corticosteroid therapy leads to mediastinal 
lipomatosis, a radiographic curiosity in most patients 
and a cause for cough or mediastinal hemorrhage in a 
few [280, 281].

Corticosteroids may induce respiratory muscle weak-
ness, with consequent restrictive lung dysfunction [282].

Allergy and anaphylaxis are rare [283–285].
Corticosteroids exert a broad range of immunosup-

pressive activities [286], and patients on corticoster-
oids long-term run the risk of developing opportunistic 
pulmonary infections, including Pneumocystis jiroveci 
pneumonia [8].

31.4.13  Cyclophosphamide

Like busulfan and nitrosoureas, cyclophosphamide is 
an alkylating agent used in the treatment of various 
forms of leukemias and lymphomas and as a condi-
tioning agent prior to stem cell transplantation. 
Cyclophosphamide may produce early or late pleuro-
pulmonary toxicity [114].

Early cyclophosphamide pulmonary toxicity resem-
bles that of other alkylating agents, is associated with 
BAL lymphocytosis [287], and is reversible upon 
removal of the drug, except in patients who develop 
early ARDS [288]. The prognosis of early cyclophos-
phamide pulmonary toxicity exceeds that for the 
nitrosoureas and busulfan, and if diagnosed early, this 
form of cyclophosphamide pulmonary toxicity is largely 
reversible upon removal of the drug and institution of 
corticosteroid therapy. It is important to rule out an 
infection [289], especially Pneumocystis jiroveci pneu-
monia, which is difficult to differentiate from, and can 
coexist with cyclophosphamide pneumonitis [290].

Late cyclophosphamide pulmonary toxicity mostly 
follows chronic oral exposure [114, 291], occurring 
with up to 13 years of treatment [292]. Chronic cyclo-
phosphamide pneumonitis takes the form of progres-
sive pulmonary fibrosis with respiratory failure, and 
sometimes digital clubbing is present [293]. The pecu-
liar feature in a subset of patients with late cyclophos-
phamide toxicity is a pattern of pleuropulmonary 
fibroelastosis that involves the upper and lateral aspects 
of the pleura, which is thickened, in addition to more 
conventional changes of pulmonary fibrosis of the 
underlying lung [114, 149, 294, 295]. Progressive nar-
rowing of the anteroposterior aspect of the thorax may 
develop in children, contributing the restrictive physi-
ology, which is progressive with time [149, 296]. 
Pneumothorax may complicate this form of late cyclo-
phosphamide pleuropulmonary toxicity, and it is diffi-
cult to treat as the underlying fibrotic lung reexpands 
poorly. Chronic cyclophosphamide pneumonitis is 
irreversible, even with drug withdrawal and institution 
of corticosteroid therapy [114].

31.4.14  Cytosine-Arabinoside (Ara-C)

Treatments with high-dose Ara-C can be complicated 
by transient pulmonary infiltrates or pulmonary edema 
[297–299]. The condition develops in close temporal 
association with administration of the drug [299, 300]. 
In a series of 181 autopsies of patients with leukemia, 
unexplained massive proteinaceous pulmonary edema 
correlated with recent administration of Ara-C [297]. 
Pathology discloses bland alveolar flooding by pro-
teinaceous material, suggesting acute fluid leakage 
[301]. Little or no inflammation is present. Less severe 
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cases show diffuse alveolar damage [85]. Several case 
histories are consistent with a beneficial effect of cor-
ticosteroid therapy in aracytine-induced pulmonary 
edema.

Recently, acute pulmonary edema and bilateral 
pleural effusion were diagnosed in a patient who 
received methotrexate 1,000 mg/m2 daily and cytara-
bine 3,000 mg/m2 twice a day on day 2 and 3 and 
G-CSF [302]. A patient who received 10 mg/m2 mitox-
antrone daily for 6 days and 3 g/m2 IV ARA-C devel-
oped histologically documented BOOP. Chagnon et al. 
described transient centrilobular nodules in six patients 
with acute myelogenous leukemia and treatment-
induced neutropenia [303]. These abnormalities of 
uncertain background and significance were thought to 
represent drug toxicity.

31.4.15  Dasatinib

Dasatanib is a multitargeted inhibitor of bcr-abl and 
SRC family tyrosine kinases that is approved for res-
cue therapy in patients with imatinib-resistant chronic 
myelogenous leukemia, and it is also used when ima-
tinib induces adverse effects. The drug is known to 
cause pleural effusions in 10–35% of patients who 
receive it [304, 305]. The effusion was an exudate in 
78% of the assessable cases [306]. Dasatinib may also 
cause lung injury in the form of pulmonary infiltrates 
[32]. In 40 patients on dasatinib, 6 had a lymphocyte 
predominant pleural exudates, and 7 had parenchymal 
ground-glass or alveolar opacities or septal thickening 
[32]. Lymphocytes represented up to 92% of the cells 
in the BAL, and lymphocytes were confirmed in pleu-
ral tissue in one case. Upon dasatinib discontinuance 
(with corticosteroid therapy in one patient), manifesta-
tions of the disease abated or resolved in all nine cases. 
Interestingly, no relapse occurred in three of four 
rechallenged patients [32], enabling resumption of 
treatment with this often vital drug. Lymphocyte-rich 
effusions (bilateral in one case) were also reported in 
two patients [304]. Chylous fluid was present in one 
patient. The authors suggested that the effusions were 
the result of PDGFR inhibition [304].

Dasatinib 100 mg once daily instead of the classic 
70 mg twice daily retains efficacy and reduces toxicity 
with reduced incidence of pleural effusions from 
16% to 7% [307]. With the better delineation of 

 dasatinib-induced pleuropulmonary toxicity, noninva-
sive diagnosis and management should enable cost 
containment of this adverse effect [308].

31.4.16  Deferoxamine

Deferoxamine is used to treat iron overload in transfu-
sion-dependent thalassemia. When given in high dos-
ages or over more than 24 h, deferoxamine may cause 
diffuse alveolar damage or pulmonary edema [309]. 
IgE-coated mast cells were evidenced in lung tissue 
[310]. Rarely, deferoxamine triggers an anaphylactic 
reaction [311]. No recent case has been published.

31.4.17  Etoposide

The podophylotoxin derivative etoposide (VP16-213) 
is part of conditioning regimens for stem cell trans-
plantation, and the drug is used in the management of 
refractory Hodgkin’s lymphoma. Pulmonary reactions 
are of the hypersensitivity type, with suggestive chro-
nology, facial flushing, wheezing, and hypotension 
[141]. Prudent rechallenge with the drug can be 
attempted and was successful in up to three quarters of 
cases [135]. Very few patients with presumed etopo-
side pneumonitis have been described. The histo-
pathological features may include diffuse alveolar 
damage, alveolar hemorrhage, and type II cells reac-
tive changes [312].

31.4.18  Fludarabine

Fludarabine monophosphate, the 2-fluoro, 5¢ phos-
phate derivative of 9-beta-d-arabinofuranosyl adenine 
(ara-A), is a purine analogue used in the treatment of a 
variety of hematologic malignancies, including chronic 
lymphatic leukemia, other low-grade non-Hodgkin’s 
lymphoma resistant to alkylating agents, and acute 
leukemias. Acute interstitial pneumonitis due to flu-
darabine was first described in 1987 [313]. The disease 
improved on high-dose steroids, recurred with steroid 
withdrawal, and abated with further steroid therapy 
[313]. Fludarabine pneumonitis can occur as early as 
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7 days into treatment, with an incidence rate of 1–8.6% 
[314]. Patients with a background of chronic lymphatic 
leukemia and preexisting interstitial pulmonary opaci-
ties may be at higher risk of developing pulmonary 
toxicity [315, 316]. On pathology, cellular interstitial 
pneumonia, eosinophilic pneumonia, granulomas, 
BOOP, and DAD with reactive type II cell changes 
have been described [316, 317]. Fludarabine pneu-
monitis can occasion severe symptoms and can be fatal 
[318]. In most cases, symptoms abate with drug 
removal and corticosteroid therapy. Rechallenging the 
patient leads to recurrence of manifestations of the 
 disease [316, 318].

31.4.19  Gemcitabine

Gemcitabine (2,2-difluorodeoxycytidine) is a deoxycyti-
dine analog with structural similarities to cytosine arabi-
noside. The drug is to treat several hematologic and 
nonhematologic malignancies, including malignant lym-
phoma and lung cancer. The first description of gemcit-
abine pulmonary toxicity was in 1997 in the form of 
noncardiac pulmonary edema, ARDS, and alveolar hem-
orrhage in three patients, and corticosteroid therapy was 
effective in reversing symptoms [92]. Thirty-one reports 
of gemcitabine pulmonary toxicity were available in the 
literature in 2006, and there were 147 other unpublished 
reports gathered in the RADAR project [319].

The incidence of gemcitabine pulmonary toxicity is 
0.02–3% [122, 320, 321]. Gemcitabine pulmonary 
toxicity may develop after one or several courses with 
the drug, with a mean time to onset of 48 days (range 
1–529 days). Drugs that cause pulmonary injury such 
as bleomycin or docetaxel may synergize gemcitabine 
pulmonary toxicity [319]. The incidence of gemcit-
abine pulmonary toxicity was 22% when the drug was 
added to bleomycin, doxorubicine, and vinblastine in a 
phase I/II trial in end-stage Hodgkin’s disease [75]. 
Combining gemcitabine and docetaxel induced a 37% 
incidence rate of pneumonitis [322]. In yet another 
study where gemcitabine was added to doxorubicin, 
bleomycin and vinblastine for the treatment of de novo 
Hodgkin disease, the incidence of pulmonary toxicity 
was 41.7% [74]. In a recent study, gemcitabine given 
with the anti-CD30 antibody VGN-30 was associated 
in a 31% rate of pulmonary toxicity [323]. Whether 
and to what extent pulmonary toxicity in these studies 

is due to gemcitabine or to the coadministered drugs is 
unclear. Gemcitabine potentiates the adverse effects of 
radiation therapy [324].

Gemcitabine pulmonary toxicity manifests with 
cough, dyspnea, and fever in the context of diffuse 
bilateral ground-glass or denser shadowing with or 
without pleural effusion. Features consistent with cap-
illary leak such as weight gain and lower extremity or 
generalized edema can be present [122]. On HRCT, 
the appearances of gemcitabine pulmonary toxicity 
include inter- and intralobular thickening, ground-
glass opacities, and pleural effusions. Histopathological 
appearances include alveolar edema, hyaline mem-
branes, diffuse alveolar damage, and accelerated lung 
fibrosis, whereas alveolar hemorrhage, interstitial 
pneumonia, and reactive type II cells are less common 
features [92, 325–327]. Corticosteroids were used 
with benefit in several cases. Mortality is about 20% 
[328]. Rechallenge with the drug produces relapse of 
symptoms [329] and may occasion fatal respiratory 
failure [92].

Gemcitabine pulmonary toxicity may also manifest 
in the form of the hemolytic and uremic syndrome 
(HUS). Presenting features include systemic hyperten-
sion, anemia, thrombocytopenia, hematuria, renal fail-
ure, and circulating schizocytes. The incidence is up to 
2.2%, and 35 cases were reviewed [330]. Subclinical 
HUS has been described, and monitoring of hemoglo-
bin, creatinine, and circulating schizocytes is advised 
in patients who have received the drug.

31.4.20  Hydroxyurea

Eleven cases of hydroxyurea-induced pneumonitis 
were reviewed in 2003 [331]. The pulmonary reaction 
developed after 3–12 weeks on the drug in the form of 
fever and bilateral reticular or nodular infiltrates, and a 
small pleural effusion was present in five cases. 
Rechallenge with the drug was followed by recurrence. 
Outcome is good [331].

31.4.21  Interferon

Interferon (IFN) alpha and beta are a therapeutic 
option in patients with chronic myelogenous 
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leukemia, myeloma, and myelofibrosis, in addition to 
their established use for the treatment of chronic hepa-
titis C virus infection and multiple sclerosis. Interferon 
gamma has been used experimentally as a salvage 
therapy of corticosteroid-resistant pulmonary toxicity 
syndrome following BCNU-based chemotherapy and 
met with limited success in the treatment of pulmo-
nary fibrosis. The respiratory complications from IFN 
(mostly alpha 2b [332]) may be dose-dependent and 
occur more commonly following the use of pegylated 
IFN, and may develop regardless of the underlying 
disease for which IFN is given. However, most reports 
are in patients with hepatitis C virus infection [333]. 
The most distinctive adverse effect of IFN alpha and 
beta is a picture indistinguishable from naturally 
occurring sarcoidosis. After a few months into treat-
ment, patients develop de novo sarcoidosis or there is 
reactivation of previously diagnosed quiescent sarc-
oidosis. The lung, liver, heart, central nervous system, 
and skin can be involved [333], and hypercalcemia has 
been reported [334]. On imaging, IFN-induced sarc-
oidosis-like disease is in the form of hilar or mediasti-
nal lymphadenopathy, ground-glass shadowing, 
micronodular infiltrates, or thickening along the bron-
chovascular bundles [335]. Increased lymphocytes, 
generally of the CD8+ phenotype, are present in the 
BAL [335, 336], and this is at variance with the find-
ings in naturally occurring sarcoidosis. Eighty-five 
percent of patients stabilize or improve, 15% develop 
chronic stable disease, and a third require corticoster-
oid  treatment [333].

Interferons can induce other forms of ILD. Interferon 
therapy may induce volume loss with a disproportion-
ate decrease of diffusing capacity for CO and no dis-
cernible pulmonary opacities [337, 338], cellular 
interstitial pneumonia, ARDS [339], desquamative 
interstitial pneumonia [340], pulmonary fibrosis [340], 
eosinophilic pneumonia [341], and BOOP [342]. The 
latter condition may manifest with diffuse infiltrates 
[343, 344] or a mass [64]. Most cases of IFN-induced 
interstitial lung disease respond to diminution of drug 
dosage, drug removal, and corticosteroid therapy 
[336]. A recent review of 25 published cases showed 
onset of the disease after 23 days to 10 months into 
treatment [332]. There was one fatality [332].

Other adverse effects of IFN include lone dyspnea, 
chronic cough [345], exacerbation of asthma [346], 
pleural effusion [347], pulmonary hypertension [348], 
and drug-induced lupus [349].

31.4.22  Imatinib

Imatinib is a protein kinase inhibitor that downregu-
lates the Bcr-Abl protein kinase generated by the 
Philadelphia chromosome in chronic myelogenous 
leukemia. Pneumonitis [17, 350], fluid retention, and 
pleural effusion [351] have been reported during treat-
ments of chronic myelogenous leukemia with the drug. 
A series of 27 interstitial pneumonitis cases (with a 
preponderance of males) was published in 2006 [17]. 
Onset of the disease was after a median of 49 days into 
treatment with no evidence that drug dosage was play-
ing a role. Clinical presentation included dyspnea and 
hypoxemia. Histopathological findings included inter-
stitial inflammation, fibrosis, organizing pneumonia, 
and eosinophilic pneumonia, and a reactive epithelium 
[17]. Drug lymphocyte stimulation test was negative in 
all nine patients so tested [17]. The drug was with-
drawn in all patients, and most patients received corti-
costeroid therapy to alleviate symptoms. The condition 
resolved in seven patients and improved in 16. In the 
11 patients who were rechallenged, the disease relapsed 
in only 4, an important consideration regarding the 
management of the native hematologic malignancy. 
One patient was successfully rechallenged while 
receiving 60 mg of prednisolone [352]. At least seven 
cases of imatinib-induced pneumonitis with or without 
fluid retention and pleural effusion have been reported 
in the interim of the above report [17]. One case of 
eosinophilic pneumonia ascribed to this agent is avail-
able [353], and pulmonary alveolar proteinosis devel-
oped in another patient [354].

31.4.23  Lenalidomide

Three cases of lenalidomide-induced pneumonitis 
have been reported in patients with multiple myeloma. 
Lymphocytes were increased in the BAL two cases. 
Pathology disclosed interstitial pneumonia and granu-
lomas and BOOP in one case each [55, 355–358].

31.4.24  Melphalan

Meplhalan produces epithelial changes in the lung that 
resemble those of other alkylating agents [359]. There are 



408 P. Camus

not many well-documented cases of melphalan-induced 
pneumonitis [360–362]. The condition typifies the che-
motherapy lung. In early cases, the disease is acute and 
reverses with drug withdrawal and corticosteroid therapy 
[361]. Later cases present with the features of late chemo-
therapy lung, i.e., lung fibrosis and reactive type II cell 
changes [363]. Corticosteroids are indicated and have 
reversed late melphalan toxicity [362].

31.4.25  Methotrexate

Methotrexate lung can complicate treatments of vari-
ous neoplastic and nonneoplastic conditions (mainly 
rheumatoid arthritis nowadays) in 0.86–6.9% of 
patients on the drug [364]. Risk factors in rheumatoid 
arthritis include prior ILD, advanced age, diabetes 
mellitus, and low serum albumin. A previous episode 
of methotrexate pneumonitis is the strongest risk fac-
tor for relapse, should the patient be reexposed to the 
drug. The first report of methotrexate pneumonitis 
dates back 41 years [365]. Acute pulmonary disease 
developed in seven children in clinical remission from 
their hematologic malignancy. The disease was life 
threatening in six. Open lung biopsy showed intersti-
tial pneumonitis with granuloma formation. Cessation 
of the drug and corticosteroid therapy were effective 
with a return to normal in 10–40 days. Methotrexate 
could be continued in some patients.

In 2000, 123 cases of methotrexate lung in hematol-
ogy and rheumatology patients were summarized [43]. 
Methotrexate pneumonitis can develop after treatment 
of leukemia, solid tumors, rheumatoid arthritis, psoria-
sis, primary biliary cirrhosis, asthma, or molar or ecto-
pic pregnancy [36]. The majority of patients (62%) are 
women. Methotrexate pneumonitis develops after 
doses of the drug ranging from 2.5 to 1,400 mg/week. 
Duration of treatment was from single exposure to 
5 years, although half of the patients developed the dis-
ease within the first 32 weeks of treatment [366]. The 
development of methotrexate pneumonitis is unpre-
dictable. There is no correlation between dose and 
time to onset, or clinical severity. Fatal methotrexate 
pneumonitis can occur with the low-dosage regimen of 
methotrexate used in the treatment of rheumatoid 
arthritis. All routes of administration including the 
oral, parenteral, and intrathecal ones expose the patient 
to the risk. The majority of patients are on the drug at 

the time of pneumonitis, with rare cases of delayed 
onset of the condition [367]. Methotrexate lung is 
annunciated by the insidious onset of a dry cough for 
days or a few weeks, contrasted with unchanged chest 
radiograph. Then, the disease accelerates with cough 
in 81% of the patients, fever in 76%, shortness of 
breath in 82%, dense ILD on imaging, and hypoxemia. 
Mild peripheral eosinophilia is present in about 40% 
of patients [368]. Radiographic studies indicate diffuse 
symmetrical interstitial lung shadowing, and in severe 
cases dense bilateral alveolar opacities with air bron-
chograms and volume loss [369]. HRCT discloses 
dense, patchy, widespread, or diffuse septal lines, geo-
graphic ground-glass or alveolar densities [370]. 
Pulmonary physiology is restrictive, with a low diffus-
ing capacity and significant hypoxemia. Unusual pat-
terns of methotrexate pulmonary toxicity include a 
subacute presentation, eosinophilic pneumonia, pul-
monary fibrosis, and acute chest pain. The BAL is best 
done in the ICU where provision is made to correct the 
hypoxemia that almost invariably occurs with the pro-
cedure. The BAL discloses increased cellularity with a 
percentage of lymphocytes averaging 58% vs. 10% in 
normals [371]. Interindividual differences in lympho-
cyte counts and/or CD4+ or CD8+ subtype percent-
ages are likely to be the result of when into the disease 
the BAL is performed and whether corticosteroids 
have been given [50]. Rare cases show eosinophilia in 
the BAL.

The condition must be separated from an opportu-
nistic infection, mainly Pneumocystis pneumonia, 
which methotrexate pneumonitis can resemble mainly 
when a granulomatous pattern of reaction is present, 
with no reliable clinical or radiological discriminators. 
The arsenal of tools to diagnose Pneumocystis jiroveci 
in BAL specimens should be used, for Pneumocystis is 
not detected in all cases on direct stains of BAL fluid, 
and sputum examination may be unrewarding. A lung 
biopsy may be needed to separate these entities. 
Methotrexate lung must also be separated from other 
opportunistic infections due to Cytomegalovirus, 
Cryptococcus, Herpes zoster and Nocardia, which 
have been described as a complication of chronic treat-
ments with methotrexate [8], especially but not exclu-
sively so when blood CD4+ cells are <150/mL or 
cumulated doses of methotrexate are above 700 mg.

Histological findings in methotrexate lung include 
interstitial inflammation, fibrosis, granuloma forma-
tion, and increased tissue eosinophils in 71%, 59%, 
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35%, and 18% of the cases, respectively [43]. Gran-
ulomas in methotrexate pneumonitis are typically small 
and ill-defined, with sterile necrosis being an unusual 
feature [43]. In patients with predominantly granu-
lomatous methotrexate lung, the disease is patchy with 
intervening areas of normal lung tissue or tissue show-
ing mild cellular inflammation [43]. Type II cell hyper-
plasia is an occasional feature in methotrexate lung. 
Alveolar edema, diffuse alveolar damage, hyaline 
membranes, and DAH are unusual findings that denote 
severe cases. Rare appearances include a DIP pattern, a 
sarcoid-like reaction, and acute interstitial pneumonia 
[43, 115]. Although the differential diagnosis of meth-
otrexate lung is complex, the clinical-pathologic pat-
tern of an acute granulomatous pneumonitis with no 
evidence of infection and mild blood eosinophilia is 
distinctive compared to any other chemotherapeutic 
agent [43].

Methotrexate pneumonitis responds to drug discon-
tinuation. Corticosteroid therapy is indicated in severe 
cases. A few cases responded to corticosteroid therapy 
even though treatment with methotrexate was contin-
ued [43]. Dose and duration of corticosteroid treatment 
have not been determined precisely and are guided by 
clinical, physiologic, and radiographic response. It is 
estimated that 85% of patients with methotrexate pneu-
monitis recover. Mortality is 15%, mainly from pro-
gressive respiratory failure [372]. Pulmonary fibrosis 
following the diagnosis of this condition is unusual 
[43]. Rechallenge with methotrexate will not lead to 
recurrence in all patients. However, the disease relapses 
in up to two thirds of the patients, so tested with a 50% 
mortality rate in those patients who relapse [30].

Pulmonary function has been prospectively evalu-
ated in patients on methotrexate long-term, in an attempt 
to detect methotrexate lung at an earlier stage than when 
the condition is diagnosed clinically [364]. As opposed 
to alkylating agents, nearly all studies found no deterio-
ration of lung function or imaging that would enable 
early detection of methotrexate lung [108]

31.4.26  Procarbazine

Procarbazine is one drug in the MOPP regimen. The 
drug was mostly used to treat Hodgkin’s disease 
and other malignant lymphomas. Eight cases of pro-
carbazine pulmonary toxicity have been described 

[373]. Typically, procarbazine lung manifests acutely 
with fever, cough, and dyspnea. Pulmonary infiltrates 
may be discreet. Pleural effusion [374] and mild 
peripheral eosinophilia [375] were present in one case 
each. Procarbazine pulmonary toxicity can be fatal 
[376, 377]. Symptoms decline upon drug discontinu-
ance and corticosteroid therapy. There is no recent case 
in the literature.

31.4.27  Rituximab

Rituximab is a chimeric monoclonal antibody directed 
against the CD20-receptor on B cells. The drug is 
mainly used to treat malignant lymphomas of B cell 
lineage, post-transplantation lymphoproliferative dis-
orders, bullous pemphigoid, and rheumatoid arthritis. 
Incidence of pulmonary toxicity is 0.03–8% [378]. 
Most patients were receiving rituximab in association 
with CHOP, CEOP, or CVP and had increased inci-
dence of pulmonary toxicity compared to the pre-
rituximab era [379]. Bitzan et al. reviewed 30 cases 
of rituximab-associated lung disease. Seventy-one 
percent of the patients received concomitant chemo-
therapy. Time to onset from the last rituximab dose 
was 14 days. Eleven of 31 patients required mechani-
cal ventilatory support, and nine died (29%). High-
dose glucocorticoid therapy did not improve survival 
or prevent the development of severe lung disease or 
death [380]. Forty-five cases of rituximab-associated 
pulmonary injury were reviewed [381]. The most 
common presentation in 37 of the 45 cases was in the 
form of acute or subacute BOOP and respiratory fail-
ure within 2 weeks after the fourth course of treat-
ment, resolving (in most cases with corticosteroid 
therapy. A CD4 + - predominant lymphocytosis (up to 
90% of all cells) was found in the BAL. Five patients 
developed early acute pneumonitis, DAD, or ARDS 
within a few hours after the first infusion of the drug, 
a pattern consistent with acute cell lysis pneumopa-
thy or cytokine release. Two of these five patients 
died. Three patients developed macronodules of 
 organizing pneumonia, a form of toxicity that res-
ponded successfully to corticosteroid therapy. Mor-
tality was 18%. Pulmonary infiltrates relapsed in 
about 2/3 of the patients rechallenged with the drug. 
Two cases of DAH have from this agent have also 
been reported [11].
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31.4.28  Thalidomide

Thalidomide was approved in 2006 for the treatment 
of multiple myeloma, myelodysplastic syndrome, and 
graft-vs.-host disease. The first cases of thalidomide-
associated pneumonitis was from Spain [382, 383] in 
the form of ILD, which improved with drug removal 
and corticosteroid therapy. Two cases had excess lym-
phocytes in the BAL [384, 385], and eosinophilia was 
present in another case [386]. One case of BOOP has 
been reported [387]. Rechallenge with the drug was 
followed by relapse [384]. A patient was switched to 
lenalidomide after an episode of thelidomide pulmo-
nary toxicity and did not experience relapse of the 
interstitial pneumonia [356]. Other adverse effects of 
thalidomide include pulmonary hypertension [388] 
and venous thromboembolism [389, 390]. The risk of 
thromboembolic events is higher when thalidomide is 
given in association with darpoietin-alpha [390].

31.4.29  Vinca Alkaloids

Treatments with vinca alcaloids (vinblastine, vinorel-
bine) alone or in combination with mitomycin C in 
lung cancer patients can be complicated by wheezing, 
bronchospasm, abrupt dyspnea, or pulmonary infil-
trates that correspond to pulmonary edema or diffuse 
alveolar damage on pathology [391]. Ventilatory sup-
port is required is some patients. Incidence of acute 
shortness of breath and pulmonary infiltrates is 4–6%. 
On PFTs, there is deterioration of gas exchange and of 
the diffusing capacity. In several patients, rechallenge 
with the drug was followed by recurrence of symptoms. 
Approximately 60 percent of the patients experienced 
residual chronic respiratory impairment, in the form of 
restrictive lung function impairment with or without 
hypoxemia, and residual pulmonary opacities that only 
respond incompletely to corticosteroid therapy [391].

31.5  Adverse Effects of Radiation 
Therapy to the Chest

For those patients who receive in-field radiation 
therapy to the chest, the clinical imaging picture of 
radiation pneumonitis includes classic radiation 

pneumonitis, which typically develops 1–2 months 
after the onset of treatment in the form of a discrete 
haze, ill-defined patchy opacities, or an area of con-
densation predominantly in the radiation field. 
Radiation metrics (area, beam trajectory, fraction-
ation, mean lung dose, and volume of the lung that 
receives >20 Gy) are used to monitor the risk of radi-
ation pneumonia. A lymphocyte-predominant BAL 
accompanies these changes, and, interestingly, the 
lymphocytic reaction also involves the contralateral 
lung. These changes usually reverse within 6 months, 
or slowly progress towards a demarcated area of 
fibrosis and distortion, with volume loss and later 
bronchiectasis [392, 393]. Late complications of this 
form of radiation scar are unusual, and include pneu-
mothorax or colonization by Aspergillus sp. Although 
patients with early radiation pneumonitis usually 
respond well to the administration of corticosteroids, 
these drugs are not required in all cases, and the dos-
age and duration of treatment are guided by the 
severity of symptoms. In rare instances, infiltrates of 
radiation pneumonitis extend outside the radiation 
field to involve the lung diffusely or both lungs bilat-
erally. This is associated with significant clinical 
symptoms, and, in some patients, respiratory failure 
or an ARDS picture develops [394]. Most patients 
respond satisfactorily to the administration of corti-
costeroids. Acute diffuse radiation/chemoradiation 
pneumonitis may develop in stem cell transplant 
recipients following the administration of a condi-
tioning regimen followed by TBI. Whether or not TBI 
is given and the amount of radiation (>12 Gy) influ-
ence the likelihood of developing diffuse pulmonary 
toxicity, a detrimental prognostic indicator [392].

Most chronic complications from radiation therapy 
that are now seen are the result of methods, indications, 
and equipment used in the past [13]. Radiation therapy 
is not given any longer to patients who achieve complete 
response after ABVD, and extended field radiation ther-
apy has been supplanted by newer conformal tech-
niques, which spare more of the normal lung. Due to the 
anatomical complexity and intricateness of multiple 
organs in the chest, there are a multitude of early or late 
complications that may cause severe impairment [13]. 
Depending on the radiation dose and beam, long-term 
progressive changes following chest radiation therapy 
may injure the lung, airways, pleura, heart valves, myo-
cardium, pericardium, coronary arteries, mediastinum, 
lymphatics, esophagus, and cranial nerves, imparting 
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varied clinical and imaging expressions to late radiation-
induced injury [13, 395, 396]. A restrictive lung dys-
function can be found in up to a third of patients who 
received radiation therapy in childhood or adolescence 
[397]. A fraction of patients (about 3%) develop pro-
gressive restrictive lung dysfunction, impacting the 
quality of life. Paramediastinal sharply demarcated 
opacities of fibrosis and architectural distortion are pres-
ent in the previously irradiated area. These changes are 
greater in patients previously exposed to bleomycin 
[204]. Fibrosis localizes in the bilateral apices, and 
paramediastinal and parahilar areas following mantle 
irradiation. However, these changes are not found in 
every patient, and the presence and severity of the 
fibrosis are influenced by the area and size of the radia-
tion fields, particularly with regard to the volume of the 
irradiated lung, and on whether or not in-field coverage 
of the hilum or lung was required. The “amount” of 
chemotherapy, and particularly the dose of bleomycin 
or other alkylating agents, also may influence the 
expression of radiation-induced changes in the lung 
[204]. In severe cases, a distinctive, Y-shaped pattern of 
fibrotic changes is present on frontal chest films. Severe 
restriction or encasing of mediastinal structures may 
ensue. Pleural effusion and chylothorax [13, 398] and 
the “dropped head syndrome” may be present [13]. 
Lymphoma survivors must also be evaluated and moni-
tored using auscultation, cardiac ultrasonography, and 
cardiac stress regarding the frequent development of 
 valvular incompetence/regurgitation, coronary disease, 
atrioventricular block, or other late cardiac compli cations 
of radiation therapy (e.g., heart failure, pericardial 
 thickening/effusion, and pulmonary vein compression), 
phrenic nerve, or left vocal cord palsy [13, 397, 
399, 400].

Patients must also be explored regarding esopha-
geal dysmotility and cranial nerve dysfunction, which 
may cause chronic aspiration and inflict further lung 
damage. Late patients also need to be followed up 
carefully, because second and higher order cancers 
may occur years after irradiation, including lung can-
cer, which accounts for one fifth of all lung cancers in 
lymphoma survivors. Of note, late fibrotic changes in 
the chest when present may hamper optimal manage-
ment of lung cancer. Since radiation and antineoplastic 
drugs synergize the effect of smoking, smoking cessa-
tion is an essential step in long-term management and 
follow-up of patients with a history of cured hemato-
logic malignancy.
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32.1  Introduction

As the number of cancer survivors increases, more 
attention must be paid to secondary illnesses and side 
effects that arise as a result of cancer or its treatment. 
Cardiovascular disease is a leading cause of death in 
the general population and is also a growing issue for 
cancer survivors. The risk of cardiovascular disease is 
approaching, and in some cases overtaking, the risk of 
cancer recurrence as the primary health concern of 
cancer survivors [1]. The pathogenesis and treatment 
of cardiovascular disease can be affected by cancer or 
cancer treatments such that it is difficult for clinicians 
to manage.

Cancer and its therapies can cause a wide range of 
cardiovascular effects including pericardial disease, 
thromboembolism, heart failure, valve disease, and 
vessel stenosis [2]. Because the same diseases can 
occur in the general population, especially in older 
patients who have accumulated cardiovascular risk 
factors, because some cancers themselves predispose 
patients to these conditions, and because most patients 
are on treatment regimens containing many different 
anticancer therapies that alone or in combination can 
cause cardiovascular complications, it can be 
extremely difficult to pin down the actual cause of the 
disease [3].

The aim of this chapter is to describe the cardio-
vascular complications that can arise as a result of 
cancer or radiation treatment. Clinicians need to be 
aware of the possible implications of cancer and its 
treatments on the heart and vasculature because early 
detection of toxic effects may reduce cardiac 
damage.
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32.2  Cardiovascular Complications 
of Cancer

32.2.1  Primary Cardiac Tumors

Although rare, primary cardiac tumors do exist. Most 
are benign, with about half of all cases being myxo-
mas. Myxomas are endocardial-based masses that can 
cause heart failure-like symptoms, embolic phenom-
ena, valvular obstruction, or arrhythmias [4]. Myxomas 
can be sporadic or familial, sometimes associated with 
a rare familial syndrome called “Carney complex” 
where cardiac myxomas occur in conjunction with 
skin lesions, myxoid fibroadenomas of the breast or 
other secondary tumors, and endocrinopathy [5, 6]. 
Mutations in the PRKAR1a gene, encoding a regula-
tory subunit of protein kinase A, have been reported to 
cause a majority of Carney complex cases [5] and have 
rarely been associated with nonsyndromic familial 
myxomas [7]. Most centers report a higher prevalence 
of disease in women [6, 8, 9].

In many cases, myxomas occur with a variety of 
immunologic symptoms, including fever, malaise, 
weight loss, and myalgias [7]. Several studies have 
found increased serum levels of IL-6 secreted by the 
tumor [10–12], and patients with higher IL-6 levels 
have more intense constitutional symptoms [7]. 
Multiple studies have also found a correlation between 
tumor size and serum levels of IL-6 or a1-globulin 
[7, 13], and it has been suggested that IL-6 may be 
important in tumor recurrence [14].

Myxomas most commonly present in the left atrium, 
with about 15% in the right atrium, and rare biatrial or 
ventricular tumors [6, 8, 9]. Diagnosis can be achieved 
with careful auscultation for the characteristic “plop” 
caused by the tumor moving in and out of the mitral 
valve planes. Diagnosis is confirmed with transtho-
racic, or occasionally transesophageal, echocardiogra-
phy [8]. The tumors are generally polyploid, often 
pedunculated, and can vary in color, size, and texture. 
Gelatinous lobated tumors, tumors in the left atrium, 
and tumors causing a nonsinus rhythm may be more 
likely to result in embolism. Treatment is by immedi-
ate surgical resection and is curative in a majority of 
sporadic cases. Incomplete resection or embolization 
of the tumor can cause recurrence. Additionally, multi-
focal tumors are most likely to recur, explaining the 
increased rates of recurrence of familial myxomas.

Other benign heart tumors include papillary 
fibroelastomas, which are fibrous connective tissue 
tumors lined with endothelial cells [15]. No clear risk 
factors are associated with development of this tumor 
type, and they predominantly occur on the surface of 
the heart valves [16]. The tumor typically has an 
“anemone” or “flower-like” shape, and is often highly 
mobile. The most common clinical presentation is 
transient ischemic attack or stroke due to an embolus 
in the cerebral arteries, but myocardial infarction, 
angina, embolism in other arteries, and sudden death 
are also possible presentations [16]. Asymptomatic 
tumors are often diagnosed accidentally during routine 
echocardiography of the heart, but transesophogeal 
imaging is usually required for complete diagnosis 
[17]. Anticoagulant therapy may be used until surgery 
can be performed, but surgery is the treatment of choice 
for papillary fibroelastoma [16, 18]. No recurrence of 
this tumor type has been reported.

Rhabdomyomas are the most common cardiac 
tumor type in pediatric patients; they primarily occur 
in conjunction with tuberous sclerosis [19]. This tumor 
type can be diagnosed in utero by fetal ultrasound [20] 
or in older children by echocardiography. They consist 
of smooth muscle tissue in hamartomas and can occur 
in any area of the heart. Arrhythmias, heart failure, and 
intrauterine or sudden death have been associated with 
rhabdomyomas, but about 50% are asymptomatic [21]. 
Although in many cases these tumors have been 
reported to regress spontaneously [19, 21, 22], surgical 
resection is recommended if the tumor is causing car-
diac symptoms.

Other benign tumors occur even more rarely. 
Fibromas are fibroblast-rich tumors mostly seen in 
infants, which may cause heart failure, arrhythmia, or 
sudden death [4]. Hemangiomas are caused by prolif-
eration of vascular endothelial cells and occur most 
frequently in children and adolescents [23]. 
Hemangiomas are classified as cavernous, capillary, or 
arteriovenous based on histology, and cardiac tumors 
can be a combination of types [24]. They are frequently 
asymptomatic and most often diagnosed incidentally 
during routine echocardiography. Lipomas are adipose 
tissue tumors that are usually asymptomatic, and tera-
tomas are germ cell tumors that can occur rarely in the 
heart. All of these tumor types are preferentially treated 
by surgical resection wherever possible.

Even more rare are malignant primary cardiac 
tumors. Primary cardiac lymphoma is rare, but can 
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occur and lead to rapidly progressing heart failure, 
arrhythmias, cardiac tamponade, or superior vena cava 
syndrome. Cardiac involvement in disseminated lym-
phoma is fairly common, occurring in 10–20% of 
patients. Unlike typical lymphomas, primary cardiac 
cases occur at a higher rate in immunocompromised 
patients. Prognosis is poor for this tumor type due to a 
typically late diagnosis. Chemotherapy and radiation 
treatments may prolong survival [25, 26]. Various 
types of sarcomas can also exist in the heart; histology 
is extremely variable, and patients can present with a 
wide variety of cardiac symptoms. Patients with car-
diac sarcomas have an extremely poor prognosis with 
limited chances of survival beyond 1 year. Aggressive 
surgical treatment can prolong survival and provide 
relief of symptoms, but risk of early metastasis or 
recurrence remains high.

32.2.2  Venous Thromboembolism

Venous thromboembolism (VTE) is an important cause 
of morbidity and mortality in patients with cancer [27]. 
Here we provide the reader with a brief overview of 
several of the key issues regarding VTE in cancer 
patients. For a more detailed treatment of this topic, 
the reader is referred to more detailed reviews [28, 29]. 
Although an increased risk of VTE is seen in most 
patients with cancer, the cancers most associated with 
VTE, when adjusted with disease prevalence, are those 
of the pancreas, ovary, and brain [30]. Multiple patho-
genic factors contribute to the increased risk of VTE in 
the cancer patient, including hypercoagulability, ves-
sel wall injury, venous stasis (particularly in bedbound 
patients or patients undergoing surgery), and the 
 presence of long-term, indwelling central venous 
catheters.

Despite a 15% incidence of clinically apparent VTE 
in patients with cancer, VTE in the cancer patient is 
likely to be significantly underdiagnosed, since autopsy 
studies of cancer patients suggest that the incidence of 
VTE approaches 50% [31]. Unilateral upper or lower 
extremity swelling is the most common sign on physi-
cal examination, although exam findings are not terri-
bly reliable. Compression duplex venography represents 
the best initial test for suspected upper extremity or 
lower extremity deep vein thrombosis, with magnetic 
resonance venography reserved for those patients in 

whom duplex venography is inconclusive [32]. The 
utility of d-dimer testing in ruling out the presence of 
DVT in cancer patients is unclear [33].

Clinical symptoms of new-onset chest pain or short-
ness of breath without another clear cause warrants 
investigation for possible pulmonary embolism (PE) in 
the cancer patient. In addition, up to 10% of patients 
presenting with PE will experience syncope as their 
initial presenting sign [34]. The most common electro-
cardiographic finding in a patient with PE is the pres-
ence of sinus tachycardia, and can often be accompanied 
by ST segment/T wave changes in the early precordial 
leads. The identification of a new onset atrial arrhyth-
mia, such as atrial fibrillation or atrial flutter, should 
raise suspicion of acute PE in the cancer patient [35]. 
Elevations of cardiac biomarkers, such as troponin I 
and B-type natriuretic peptide (BNP), can be seen in 
patients with acute PE and may identify a subgroup of 
patients with poor prognoses [36].

Anticoagulation represents the mainstay of treat-
ment of patients with VTE. Low molecular weight 
heparin (LMWH) appears to be superior to unfraction-
ated heparin in the therapy of patients with DVT, with 
lower bleeding rates and decreased mortality in the 
acute setting. Furthermore, LMWH appears to be safe 
and efficacious in the initial therapy of patients with 
suspected or clinically confirmed PE. In patients with 
catheter-related VTE, removal of the catheter in addi-
tion to anticoagulation should be considered [37]. The 
treatment of patients with cancer with VTE can be par-
ticularly challenging due to the presence of cancer-
related or treatment-related thrombocytopenia. There 
are no current studies available to guide therapy in a 
cancer patient with thrombocytopenia and VTE, and 
the treatment must be individualized to the risk/benefit 
ratio for the individual patient. Patients with primary or 
metastatic CNS malignancies who develop VTE repre-
sent another challenging patient group. Recent studies 
suggest that systemic anticoagulation for the treatment 
of brain tumor patients with VTE is warranted in the 
absence of a history of intracranial hemorrhage or the 
presence of profound thrombocytopenia [38].

Because of the high risk of recurrence of VTE in 
patients with cancer, strong consideration should be 
given to lifelong anticoagulation in a cancer patient 
with a history of VTE [39]. The optimal agent for the 
long-term treatment of patients with VTE is unclear. 
Traditionally, patients were treated with unfraction-
ated or LMWH initially, and then were subsequently 
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transitioned to oral anticoagulant therapy (e.g., couma-
din). However, a retrospective analysis revealed that 
patients with cancer and a history of VTE who were 
treated with coumadin had a much higher likelihood of 
recurrent thrombotic events and major bleeding com-
pared with noncancer patients [39]. A subsequent 
study reinforced these findings, with a VTE recurrence 
rate of 20% over 12 months in cancer patients with 
VTE despite oral anticoagulation with warfarin [40]. 
Building upon these findings, the LMWH dalteparin 
was compared with warfarin in a randomized trial for 
the treatment of cancer patients with a history of VTE. 
Patients treated with dalteparin had a 9% incidence of 
recurrent thromboembolism over a 6-month period, 
whereas warfarin-treated patients had a 17% incidence 
over the same timeframe, a difference that was highly 
statistically significant. There was no difference in 
major bleeding between the two groups. Based upon 
these findings, some authors have suggested LMWHs 
as the treatment of choice for long-term treatment of 
cancer patients with a history of VTE [40, 41].

Cancer patients undergoing major surgery are 
among the highest risk group for the development of 
VTE in the postoperative period, with an incidence of 
VTE approaching 50% in the absence of any prophy-
lactic therapy [40]. Current guidelines recommend that 
cancer patients undergoing surgery receive a thrombo-
prophylaxis regimen consisting of a LMWH and inter-
mittent pneumatic compression devices, and that 
treatment with LMWH be continued for up to 1 month 
post-discharge [42]. Similarly, hospitalized cancer 
patients should receive multimodality DVT prophy-
laxis in the absence of contraindications because of 
their high risk of developing VTE. Little evidence sup-
ports the use of prophylactic anticoagulation to prevent 
VTE in cancer patients with no history of prior VTE in 
the outpatient setting. In particular, although low dose 
warfarin is often utilized to prevent thrombosis in 
patients with indwelling central venous catheters, sev-
eral studies have found no demonstrable benefit of this 
approach [28].

32.2.3  Pericardial Disease

Many of the primary cardiac tumors detailed above 
can have pericardial involvement or cause pericardial 
symptoms. Additionally, pericardial mesothelioma is a 

rare primary pericardial tumor type arising from the 
mesothelial cells of the pericardium [43]. These tumors 
are highly aggressive, and pallative care may be the 
only option for treatment [44]. Diagnosis can be chal-
lenging as the tumor presents similarly to pericardial 
effusion, and can even be indistinguishable on echocar-
diogram [45]. Surgical excision may be attempted in 
some patients, along with treatment of symptoms of 
pericardial disease (described in detail below), but in 
most cases a cure is impossible and survival expec-
tancy is merely months.

In addition to primary cardiac tumors, metastases to 
the heart are sometimes observed, and up to 70% of 
heart metastases include involvement of the pericar-
dium [46]. The most frequent cancer types that metas-
tasize to the pericardium are breast cancers, lung 
cancers, leukemias, and lymphomas [46]. Invasion of 
the pericardium by malignant tumors can cause peri-
cardial effusions that may rapidly accumulate and lead 
to life-threatening cardiac tamponade [47]. In cancer 
patients with pericardial involvement, pericardial dis-
ease significantly worsens prognosis and may itself 
significantly contribute to cancer-related mortality.

Cardiac tamponade presents clinically as dyspnea 
and chest pain, with possible symptoms of low sys-
temic arterial pressure, low pulse pressure, and tachy-
cardia [48]. Because the most common presenting 
symptoms are respiratory, pericardial involvement is 
often missed or mistaken for progression of pulmo-
nary metastases. Many patients show abnormal pulsus 
paradoxus or elevated jugular venous pressure. 
Diagnosis of cardiac tamponade and evaluation of the 
level of hemodynamic compromise, and thus the 
urgency of treatment, should be confirmed by echocar-
diography. Echocardiography is useful to assess the 
size of the effusion and its accessibility for percutane-
ous drainage. When considering the need for percuta-
neous drainage, attention should be given not only to 
the size of the effusion, but also to the degree to which 
it is causing hemodynamic compromise, assessed by 
quantifying the degree of respirophasic variation of 
flow across the mitral and tricuspid valves, indicative 
of the intraventricular dependence and tamponade 
physiology [49].

Pericardiocentesis is often the first procedure 
attempted to drain the fluid from the pericardium, as it 
is quick and generally effective. Echocardiographic 
guidance is often employed, aiding in accessing the 
effusion through a subxiphoid approach. In selected 
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patients, an echocardiographically guided anterior 
approach yields the best results, but care must be taken 
to avoid puncture of the left internal mammary artery 
[50]. In effusions localized to the posterior aspect of 
the heart, drainage via a CT-guided approach is opti-
mal [51]. Pericardiocentesis alone also results in an 
approximately 40% recurrence rate [46], which can be 
reduced substantially by placement of a pericardial 
drain at the time of pericardiocentesis for extended 
drainage [52].

After pericardiocentesis is performed, injection of 
sclerosing agents into the pericardium may reduce the 
incidence of recurrent effusions. There are a few 
options for preventing reaccumulation of fluid. 
Tetracycline has been most successfully used for this 
purpose [53], but its usage has been limited by the 
development of severe chest discomfort in patients 
receiving such treatments. More recently, the use of 
the antineoplastic agent thiotepa delivered to the peri-
cardial space has shown promise in preventing recur-
rence of pericardial effusions with little or no patient 
discomfort [54]. Further long-term studies are needed 
to verify the safety and efficacy of this approach.

In cases in which pericardiocentesis is unsuccessful 
or in which recurrence of the effusion occurs after 
extended drainage, surgical options are available [55]. 
Pericardectomy, or the surgical removal of a large por-
tion of the pericardium, should be used in extreme 
cases only. Although recurrence is virtually zero after 
this procedure, operative risks are high (17–30% peri-
procedural mortality in some series) [46]. A more 
commonly used surgical approach is the formation of 
a pericardial window. This can be done surgically 
using a subxiphoid route, by anterior thoracotomy, or 
by thoracoscopy. This procedure still requires general 
anesthesia, but is generally well tolerated and is effec-
tive to prevent recurrence of disease [46, 56].

32.3  Radiation Therapy-Induced 
Cardiovascular Disease

Cardiovascular complications of radiation therapy 
have long been recognized. Radiation treatments 
directed at the breasts, mediastinum, or neck are par-
ticularly dangerous for long-term risks of cardiovas-
cular disease. Although improved knowledge and 
improved techniques for radiation delivery have 

limited the area and dose of radiation to sensitive 
areas, the risks of radiation-induced disease are still 
very real for cancer patients.

32.3.1  Pericardial Disease

Pericardial disease, characterized by fibrous thickening 
and fluid production, is historically the most common 
manifestation of radiation damage to the heart, but 
modern techniques have significantly reduced inci-
dence [57]. One study of Hodgkin’s disease survivors 
found thickened pericardium in 15% of patients after 
5–10 years of follow-up [58]. No association was found 
between pericardial disease and gender, age, treatment 
parameters, or time after treatment. In another study, 
7 of 16 esophageal cancer patients treated with radia-
tion and 7 of 25 lung cancer patients developed cardiac 
complications, and the majority manifested as pericar-
dial effusions. Prior histories of arrhythmias or heart 
failure were both predictive factors, likely because 
their hearts were more sensitive to radiation-induced 
changes in cardiac innervation [59].

Pericardial damage may present as acute, chronic, 
or intermittent disease, and as either effusive or restric-
tive [60]. Acute pericarditis occurs typically with a 
high dose of radiation, and symptoms usually resolve 
on their own [61]. Chronic disease manifests usually 
within 1 year of radiation treatment and is due to accu-
mulation of fibrous adhesions and fluids with fibrous 
thickening of the pericardium [57].

32.3.2  Valvular Disease

Regurgitation or stenosis of the heart valves is increas-
ingly being recognized as a major complication of 
radiation treatment for Hodgkin’s disease. In one study, 
5–10 years posttreatment 31% of patients had patho-
logical regurgitation in either the aortic or mitral valve. 
Female gender was a predictor for valve disease, but 
no other demographic or treatment parameters, includ-
ing anthracycline treatment, correlated [58, 62]. A 
follow-up to that study 12 years later found an even 
higher prevalence of regurgitation and aortic valve 
stenosis, as well as a progression to more severe dis-
ease in most patients [63]. These findings suggest that 
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disease increases with time from treatment. Other 
studies confirm that valve thickening and regurgitation 
increase with length of follow-up, but are split as to 
whether the disease is clinically relevant in most 
patients [62, 64].

Several mechanisms of radiation-induced valve dis-
ease have been proposed. Endothelial dysfunction 
from chronic inflammation leading to fibrosis, direct 
radiation damage to the valves causing fibrous thicken-
ing, and reduced endothelial regenerative capacity 
have all been suggested as possible mechanisms of 
damage [63]. Valvular lesions may begin soon after 
radiation therapy as endocardial thickening, and then 
fibrosis builds up and, over time, the disease progresses 
from asymptomatic to physiologically important dis-
ease requiring surgical intervention. Damage usually 
occurs on the left side, to the mitral or aortic valves, 
likely due to higher pressure on those valves [65].

32.3.3  Accelerated Coronary 
Artery Disease

Accelerated coronary artery disease is a well- 
established complication of radiation. Young age at 
treatment and high radiation dose as well as traditional 
risk factors for coronary artery disease all increase 
risk. It is thus important to treat or control risk factors, 
such as smoking, hyperlipidaemia, and hypercholes-
terolaemia in cancer survivors with a history of radia-
tion exposure [57].

Older studies showed a significant risk to patients 
with left-sided breast cancer over right-sided breast 
cancer [66], but some more recent studies have found 
no differences in risk [67, 68]. While one study found 
no greater incidence of myocardial infarction in breast 
cancer patients receiving radiation versus a general 
age-matched female population [68], most studies 
report that even the most modern techniques still cause 
a minor but significant increase (~10%) in cardiac 
morbidity and mortality with inclusion of radiation in 
the treatment plan [67, 69, 70].

Irradiation of the chest for other cancers also 
increases the risk of cardiac complications. Radiation 
for esophageal cancer causes a significantly higher 
prevalence of inferior wall ischemia even with modern 
techniques. Risk increases based on radiation dose 

and the volume of myocardium in the irradiation field 
[71]. Mediastinal radiation for non-Hodgkin’s lym-
phoma increases risks of heart failure, myocardial 
infarction, and stroke in a dose-dependent manner. 
Doses higher than 40 Gy are particularly dangerous 
[72]. One study reported up to 18% of patients devel-
oped coronary artery disease 10 years after mantle 
field irradiation [65].

The mechanism of coronary artery disease patho-
genesis in these patients is likely to be intimal and 
medial thickening of the vessels accompanying direct 
endothelial damage. Coronary lesions due to radiation 
have much less accumulation of lipids than typical ath-
erosclerotic lesions [65]. Since the lesions are typically 
located in the proximal vessels due to typical anterior 
radiation fields, surgical treatment with coronary 
bypass is often possible [57, 65].

32.3.4  Cardiomyopathy

Symptomatic cardiomyopathy is a less common mani-
festation of radiation toxicity, and it is important to 
distinguish diagnostically the symptoms of heart fail-
ure due to cardiomyopathy versus constrictive peri-
carditis [57]. One study reported that preexisting 
hypertension increased the risks of heart failure and 
stroke, as did treatment at a younger age and treatment 
for relapsed cancer (“salvage treatment”) [72]. Younger 
age at treatment most likely increases risk due to lon-
ger survival time, since it has also been shown that 
more disease appears with longer time from treatment. 
Another study conversely found that symptoms tended 
to appear in older patients, especially males [73]. 
Patients with known cardiac risk factors have a signifi-
cantly increased risk of ischemic disease [64, 73].

Myocardial fibrosis and endocardial thickening are 
frequently observed in radiation-treated patients who 
develop cardiomyopathy without associated large-
vessel coronary artery disease [74]. Ischemia caused 
by damage to the endothelial cells in the myocardial 
microvasculature leads to fibrosis, which then leads to 
decreased systolic and/or diastolic function. High-
dose radiation alone typically leads to a restrictive 
cardiomyopathy, whereas radiation therapy plus 
anthracycline treatment tend to cause dilated cardio-
myopathies [57].
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32.3.5  Peripheral Vessel Stenosis

Radiation can also cause significant damage to the 
peripheral arteries. External cervical irradiation causes 
plaque-like thickening of the intima of the carotid 
artery, and strokes may also be increased in this patient 
population [75]. One study reported 4.8% of patients 
developed strokes following cervical irradiation for 
head and neck cancers. Risk was not correlated with 
hypertension, diabetes, surgical manipulation of the 
carotid arteries, or radiation dose [76]. Radiation dam-
age in animal models produces lesions similar to those 
seen with typical atherosclerosis, including intimal 
proliferation, disruption of the internal elastic lamina, 
and necrosis [77].

A comparison of patients who developed carotid 
artery stenosis with or without prior radiation revealed 
that fewer cases of diabetes, ischemic heart disease, or 
other peripheral vascular disease were present in the 
radiation-treated group. Patients who were irradiated 
more commonly had bilateral disease or common 
carotid artery lesions [78]. These results suggest that 
radiation independently raises the risk of carotid artery 
disease significantly. Surgical repair of radiation-
induced carotid occlusion or stenosis is more difficult 
due to scarring, risk of infection, more common rest-
enosis, long lesion length, and increased risk of com-
plications [77].

Peripheral vascular disease, including strokes, 
transient ischemic attack, carotid artery stenosis, and 
subclavian artery stenosis are also possible complica-
tions of radiation therapy for Hodgkin’s disease. 
These effects are seen most frequently in two types of 
patients: older patients with preexisting atherosclero-
sis, who most often present with strokes or ischemia 
relatively shortly after treatment, and younger patients 
who present with carotid or subclavian stenosis after 
a longer interval [62]. Radiation for Hodgkin’s dis-
ease or breast cancer can result in stenosis of multiple 
vessels coming off the aortic arch including subcla-
vian, axillary, carotid, and vertebral arteries as well 
as stenosis of coronary arteries. Radiation-induced 
arterial disease presents at a much younger age than 
typically seen in the general population [74]. Most 
studies show that patients develop atherosclerosis in 
irradiated regions of the vasculature many years 
before developing age-related disease in the rest of 
the body [79].

The pathogenesis of radiation-induced peripheral 
vascular disease is similar to age-related hardening of 
the arteries. Radiation causes endothelial and fibro-
blast proliferation, collagen deposition, and fibrosis 
contributing to a phenotype of accelerated atheroscle-
rosis. The media and adventitia of vessels with radia-
tion-induced atherosclerosis look more diseased, with 
more medial degeneration and adventitial fibrosis than 
is typically seen [74].

32.3.6  Cardiac Baroreceptor Dysfunction

Another long-term complication of head and neck 
irradiation is cardiac baroreceptor dysfunction. Barore-
ceptors, located in the carotid arteries as well as in the 
aortic arch, heart, and pulmonary vessels, are respon-
sible for regulating fluctuations in blood pressure. The 
baroreflex loop contains sympathetic and parasympa-
thetic nerves that communicate changes in circulation 
and ventilation from the brain to the heart, and the 
carotid baroreceptors are a key component of that sys-
tem [80]. Baroreflex syndrome occurs usually as a 
result of neck trauma, resection of bilateral carotid 
body tumors, carotid endartectomy, or radiation ther-
apy to the neck region [81, 82]. The acute syndrome is 
characterized by volatile hypertension along with sec-
ondary symptoms of headache, palpitations, emotional 
instability, and diaphoresis [80, 81]. Cases of barore-
flex failure usually develop after bilateral radiation or 
injury, as redundancy prevents symptoms from mani-
festing from only single-sided dysfunction [83]. 
Diagnosis of baroreceptor dysfunction should be con-
sidered in patients with volatile hypertension follow-
ing neck irradiation, but pheochromocytoma, which 
has similar symptoms, should first be ruled out [80].

A study of 12 patients within 1–5 years of neck irra-
diation revealed that while none of the 12 had clini-
cally significant baroreflex failure, all had lower 
baroreflex sensitivity than 15 controls [81]. In these 
patients, and in the cases reported of post-radiation 
baroreflex syndrome, exams showed decreased affer-
ent input rather than decreased effector function to be 
the cause of barosystem failure [83–85]. Symptoms 
from radiation-induced baroreceptor dysfunction tend 
to develop gradually, in contrast to the immediate onset 
after endarterectomy or carotid tumor removal. 
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Treatment options should be focused on reducing the 
surges in blood pressure. Clonidine, a centrally acting 
alpha-adrenoreceptor agonist, has been shown to 
decrease the magnitude and frequency of hypertension 
[80, 84].

32.3.7  Conclusion

Even modern radiation techniques cannot shield all 
vulnerable vessels from doses sufficient to cause dam-
age. Cardiac complications, particularly of mediastinal 
radiation therapy, but also from therapy for breast, 
lung, and esophageal cancers, are still a major source 
of morbidity and mortality for cancer survivors. 
Follow-up is recommended for all patients treated with 
radiation to the heart or major arteries, as extended 
time from treatment increases risk of complications. 
Aggressive medical management of traditional risk 
factors for coronary artery disease may be useful in 
preventing the cardiovascular complications of radia-
tion therapy.

32.4  Conclusion

Clinicians treating patients with cancer should be aware 
of the possible complications of cancer and its therapies 
on the cardiovascular system. Cancer itself can occur in 
the heart or pericardium primarily, though tumors in 
this system are rare and mostly benign. More insidi-
ously, metastases to the heart or pericardium can lead to 
devastating effects and signal a stage of disease that is 
very difficult to treat. Additionally, a number of cancers 
predispose patients to VTE, which can also often result 
from treatments or treatment methods. Early detection 
of cardiovascular complications prevents further dam-
age to the system and may prevent death.

Patients who have undergone radiation therapy may 
be at risk for developing heart or vascular disease years 
or decades after undergoing the initial treatment, so 
lifelong monitoring may be beneficial to those treated 
with radiation in sensitive areas. Although modern 
radiation techniques have reduced some of the 
 detrimental effects by lowering radiation dosage and 
narrowing the field of tissue exposed to radiation, 

 cardiovascular complications can still occur. Radiation 
for cancers in the chest or mediastinum (including 
breast, lung, esophageal, and some lymphomas) can 
lead to a number of cardiac complications, including 
accelerated coronary artery disease, valve disease, and 
others. Cervical irradiation for head and neck cancers 
can cause cardiac baroreceptor dysfunction. Irradiation 
that includes any large blood vessels can also lead to 
vessel stenosis and an early atherosclerosis-like phe-
notype that occurs long before age-related disease in 
other vascular beds. Clinicians should be aware of the 
types of cardiovascular complications that can result 
from their patients’ tumors or treatment regimens to 
better monitor and treat for these effects. In addition, 
research efforts directed towards developing strategies 
to prevent cardiovascular complications resulting from 
radiation therapy have the potential to substantially 
enhance the quality and quantity of life of cancer 
patients and cancer survivors.
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33.1 Introduction

There are three major types of hematologic malignan-
cies: leukemia, lymphoma, and plasma cell neoplasms 
[1]. More than 100,000 cases of hematologic malig-
nancies were diagnosed in the United States in 2005, 
and over 53,000 people died from these cancers that 
same year [2]. Approximately 230,000 patients were 
estimated to have newly diagnosed hematologic malig-
nancy in Europe in 2005 [1]. Blood and marrow trans-
plantation (BMT) is used for the treatment of 
hematologic and solid tumors as well as various benign 
diseases worldwide. The Center for International 
Blood and Marrow Transplant Research (CIBMTR) 
reported 50,000–60,000 transplants to be performed 
annually worldwide [3, 4]. Among the 55,000 BMTs 
performed in 2006, 19,000 were allogeneic and 36,000 
autologous.

Alveolar hemorrhage can be caused by infectious 
or noninfectious etiologies. It may involve the lungs 
diffusely or focally. In this chapter, we will focus on 
diffuse alveolar hemorrhage (DAH) of noninfectious 
etiology in patients with hematologic malignancy 
or BMT.

33.2 Diagnostic Criteria

DAH is a syndrome with nonspecific clinical and 
radiological features. Although pulmonary infections, 
cardiac insufficiency, thrombocytopenia, and coagul-
opathy may be associated with alveolar hemorrhage, 
we use the term DAH in this chapter to describe dif-
fuse alveolar hemorrhage of noninfectious etiology, 
not related to cardiac pulmonary edema, and not 
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directly caused by thrombocytopenia or coagulopathy. 
The diagnostic criteria of DAH are [5–8]:

1. Evidence of widespread alveolar injury manifested 
by multilobar pulmonary infiltrates, symptoms and 
signs of pneumonia, and abnormal pulmonary 
physiology with increased alveolar to arterial oxy-
gen gradient

2. Absence of infection compatible with the 
diagnosis

3. Bronchoalveolar lavage (BAL) showing progres-
sively bloodier return from three separate subseg-
mental bronchi or the presence of ³20% 
hemosiderin-laden macrophages or the presence of 
blood in at least 30% of the alveolar surfaces of 
lung tissue [7]

33.3  DAH in Patients with Hematologic 
Malignancy

As a result of their underlying diseases or the treatment, 
patients with hematologic malignancy are at risk for 
thrombocytopenia and angio-invasive fungal infections. 
Thrombocytopenia, coagulopathy, and angio-invasive 
fungal infections can lead to bleeding from any organ, 
including the lungs [9]. The incidence, clinical course, 
treatment, and prognosis of DAH in non-BMT recipi-
ents with hematologic malignancy have not been well 
described. In an autopsy study of patients with hemato-
logic malignancy, DAH was reported in 23% of those 
with BMT compared to 5% without BMT [6].

Autopsy studies have shown pulmonary hemor-
rhage, mostly caused by infection, to be present in up 
to 74% of adult patients with leukemia [10]. In an 
autopsy study of 17 patients with adult T-cell leuke-
mia, pulmonary hemorrhage was detected in 5 (29.4%) 
[11]. Although pulmonary hemorrhage had been 
known to be responsible for morbidity and mortality in 
patients with leukemia, it was rarely diagnosed during 
life. In 1975, Golde and colleagues reported five 
patients with pulmonary hemorrhage diagnosed by 
examining BAL fluid [12]. In a study of 98 patients 
with acute monocytic leukemia, 20 were admitted to 
the intensive care unit (ICU) for respiratory failure; 16 
of these 20 had BAL, 7 of whom had hemorrhage [13]. 
Most of the publications addressing DAH in non-BMT 
patients with hematologic malignancy are limited to 

case reports [14–17]. Patients with hematologic malig-
nancy and pulmonary hemorrhage are likely to have 
thrombocytopenia. However, platelet deficiency alone 
does not provide the entire explanation, since most 
patients with thrombocytopenia never experience pul-
monary hemorrhage. Rituximab [18], all-trans retinoic 
acid [19, 20], and other chemotherapy agents [14, 21, 
22] used to treat hematologic malignancies have been 
associated with DAH.

The pathogenesis of DAH in patients with hemato-
logic malignancy has not been well studied. In a study 
of three patients with leukemia who died of massive 
pulmonary hemorrhage, the major finding at autopsy 
included diffuse alveolar damage with severe destruc-
tion of alveolar walls [23]. In a rat model of leuke-
mia, accumulation of leukemic cells in capillaries 
increased simultaneously with the increase in the 
peripheral blood [24]. This was accompanied by 
increasing tachypnea, followed by aggregates con-
sisting almost solely of leukemic cells in medium-
sized blood vessels and then by complete obstruction 
of the lung vasculature, including the large arteries 
and veins, giving rise to extensive hemorrhages and 
edema. The histological and ultrastructural findings 
in this study suggest that beside the size and stiffness 
of individual leukemic cells, interactions not only 
between leukemic cells, but also between leukemic 
cells and the endothelium play a role in the pathogen-
esis of pulmonary leukostasis and DAH [24]. 
Alterations of cell adhesion associated with chemo-
therapy-induced blast lysis or cellular differentiation 
may also be contributing to DAH in hematologic 
malignancy [14].

The clinical presentation and radiologic findings 
in patients with hematologic malignancy do not 
 differ from those described below for BMT recipients 
[25, 26]. BAL is often diagnostic by documenting the 
presence of alveolar hemorrhage and excluding infec-
tion [12].

Although correcting severe thrombocytopenia and 
coagulopathy is logical, there are no good studies to 
guide the treatment of DAH in patients with hemato-
logic malignancy. Corticosteroids have been used to 
treat DAH in patients with leukemia [17]. Treatment 
with Sivelestat, a small molecule inhibitor of neutro-
phil elastase, has been reported to achieve rapid 
improvement in oxygenation and chest radiograph 
findings in a patient with DAH associated with all-
trans retinoic acid [20].
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33.4  DAH in BMT Recipients

33.4.1 Incidence

The frequency of DAH has varied among reported 
series because of differences in patient mix, diagnostic 
approaches, and diagnostic criteria [5]. The factors that 
influence the incidence of DAH have changed over 
time and varied among BMT centers. Although bron-
choscopy and surgical lung biopsy have been used for 
decades, their application in BMT recipients with pul-
monary infiltrates has not been well standardized. 

Since underlying conditions may prohibit invasive pro-
cedures, some clinicians prefer to initiate empiric anti-
biotics for suspected infection leading to underdiagnosis 
of DAH. Moreover, although BAL is widely used for 
the diagnosis of DAH, the diagnostic criteria have ele-
ments of subjectivity and are not uniformly applied.

In 22 studies that included 8,502 BMT recipients, 
373 cases of DAH were reported, for an overall fre-
quency of 4.4%, with a range between 1% and 21% 
(Table 33.1) [8, 22, 27–45]. The reported frequency of 
DAH varies from 1% to 21% in autologous, and from 
1% to 17% in allogeneic BMT recipients. DAH has 
been reported in 128 (4.0%) of 3,183 autologous 
[8, 29, 32, 35–39, 42, 46–48] compared to 139 (3.9%) 
of 3,607 allogeneic (28–34, 36–38, 41, 47) BMT 
recipients, with no statistically significant difference. 
The recent increase in the incidence of DAH has not 
been associated with the use of granulocyte colony-
stimulating factor and peripheral blood stem cell 
source [36]. Limited DAH data are available in T-cell 
depleted allogeneic BMT recipients. In one study, 3 of 
369 T-cell-depleted allogeneic BMT recipients (0.8%) 
developed DAH [33].

Among 1,261 BMT recipients who underwent 
bronchoscopy, DAH was reported in 161 (12.8%), 
with a range between 2% and 37% [45, 49–55]. In 
patients admitted to the intensive care unit for respira-
tory failure, the prevalence of DAH may exceed 40% 
[56, 57]. DAH has been reported in 23% (range 
14–41%) of autopsies [6, 58–60].

33.4.2 Risk Factors

Several factors have been reported to predispose BMT 
recipients to DAH [5] (Table 33.2). Pre-transplant 
intensive chemotherapy, myeloablative conditioning 
regimen, total body irradiation, thoracic irradiation, 
and old age are associated with increased rates of DAH 
[8, 22, 35, 37, 39, 41, 60]. Despite few studies showing 
that solid tumors and breast cancer may be associated 
with the development of DAH in BMT recipients [8, 
61], a review of several studies has not found such an 
association [5]. Although DAH occurs in both autolo-
gous and allogeneic BMT recipients, the initial studies 
included predominantly autologous recipients [8]. In 
data compiled from several studies, no significant dif-
ference was found in the incidence of DAH between 

Reference 
number

Year Total 
patients, 
N

Patients with 
DAH, N (%)

[30] 1986 130 2 (1.5)

[8] 1989 141 29 (20.6)

[44] 1991 288 39 (13.5)

[39] 1991 100 1 (1)

[67] 1991 77 4 (5.2)

[43] 1992 123 14 (11.4)

[42] 1992 178 2 (1.1)

[35] 1992 77 10 (13.0)

[38] 1994 603 65 (10.8)

[22] 1995 84 5 (6.0)

[47] 1998 1,380 29 (2.1)

[27] 1998 20 1 (5.0)

[41] 1999 74 4 (5.4)

[34] 1999 37 1 (2.7)

[36] 2000 990 28 (2.8)

[29] 2000 186 11 (5.9)

[32] 2001 339 24 (7.1)

[31] 2001 34 2 (5.9)

[45] 2002 1,215 48 (4.0)

[28] 2003 138 6 (4.4)

[37] 2006 1,919 45 (2.3)

[33] 2006 369 3 (0.8)

Total 8,502 373 (4.4)

Table 33.1 Frequency of DAH in BMT recipients

BMT blood and marrow transplant, DAH diffuse alveolar 
hemorrhage
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autologous and allogeneic BMT recipients: 123 of the 
2,616 autologous recipients (5%) had DAH compared 
to 91 of the 1,748 allogeneic recipients (5%) [5]. In a 
more recent study, 38 of 1,318 allogeneic BMT recipi-
ents (2.9%) developed DAH compared to 7 of the 601 
autologous recipients (1.2%), with no statistically sig-
nificant difference [37].

Pre-transplant pulmonary function tests have shown 
that there is no association between the development 
of DAH and forced vital capacity (FVC), forced expi-
ratory volume in 1 s (FEV1), total lung capacity 
(TLC), or diffusing capacity for carbon monoxide 
(DLCO) [8]. Pre-transplant bronchoscopy has shown 
a higher number of bronchial neutrophils and eosino-
phils in patients who develop DAH following BMT 
compared to those who do not develop DAH [43]. In 
the study by Sisson et al. in Hodgkin’s disease patients, 
the pre-transplant presence of bronchial neutrophils 
>20% and eosinophils >0% was associated with the 
development of DAH [43]. White blood cell recovery 
and renal insufficiency, but not prolonged prothrom-
bin or partial thromboplastin time or low platelets, are 

associated with the development of DAH [8, 35]. 
Although most patients with DAH have thrombocy-
topenia, the DAH is not corrected with platelet trans-
fusion only [8].

33.4.3 Pathogenesis

Various conditions, including mitral valve disease, 
systemic vasculitides, collagen vascular diseases, 
drugs, anticoagulation, cocaine inhalation, and infec-
tions, have been implicated as causing alveolar hem-
orrhage in non-BMT recipients [5]. These conditions 
are associated with injury to the pulmonary arteri-
oles, venules, and capillaries, disrupting the alveolar-
capillary basement membrane. Penicillamine, 
abciximab, propythiouracil, amiodarone, nitrofuran-
toin, and cytotoxic medications are among drugs 
associated with alveolar hemorrhage. Drug-induced 
alveolar hemorrhage usually results from direct toxic 
effects, and indirect inflammatory or immunologic 
processes. Despite the recognition of the risk factors, 
the etiology and pathogenesis of DAH in the BMT 
recipient have not been clearly established. Lung tis-
sue injury, inflammation, and cytokine release are 
implicated in the pathogenesis of both idiopathic 
pneumonia syndrome (IPS) and DAH. In a murine 
model of BMT, the critical early proinflammatory 
events associated with IPS have been found to be due 
to donor T cells [62].

33.4.3.1 Lung Injury

Pre-transplant high-dose chemotherapy, thoracic radi-
ation, total body irradiation, and undocumented infec-
tions may be responsible for the initial injury to lung 
tissue leading to DAH in the BMT recipient. Vascular 
abnormalities, in the form of endothelial swelling and 
thrombi, are found in the autopsies of BMT recipients 
with acute hemorrhagic pulmonary edema [63]. The 
incidence of pulmonary hemorrhage is high in BMT 
recipients with graft-versus-host disease [37, 60]. In 
addition to the toxicity from therapy for graft-versus-
host disease, antigen-specific injury to the endothelium 
may be a contributing factor to the development of 
DAH [64]. Mice receiving bone marrow cells with 
T lymphocytes have been shown to develop alveolitis, 

Pre-transplant

Age above 40 years

Indications for BMT

Thoracic radiation

Intensive chemotherapy

 The presence of inflammatory cells in bronchial and BAL 
fluid

Peri-transplant

Conditioning regimen

Total body irradiation

Second transplants

Post-transplant

Fever

Mucositis

Leukocyte recovery

Elevated blood urea nitrogen

Elevated creatinine

Graft-versus-host disease

Table 33.2 Risk factors for DAH in BMT recipients

BAL bronchoalveolar lavage, BMT blood and marrow transplant, 
DAH diffuse alveolar hemorrhage
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characterized by alveolar hemorrhage, increased alve-
olar leukocytes, platelet microthrombi, and damage to 
endothelial and epithelial cells during the acute phase 
of the graft-versus-host reaction [65].

Vasculopathy of small muscular arteries and throm-
botic microangiopathy have been reported in BMT 
recipients with DAH [66]. The vasculopathy of small 
muscular arteries manifests as concentric intimal or 
medial hyperplasia with luminal narrowing, prominent 
myxoid change, extravasated red blood cells, and the 
presence of some foamy histiocytes with no evidence 
of thrombotic microangiopathy. Thrombotic microan-
giopathy has also been associated with DAH in the 
BMT recipient [66]. It is characterized by the presence 
of fragmented erythrocytes on peripheral smears, 
decreased hemoglobin and platelet count, refractoriness 
to platelet transfusions, and the absence of disseminated 
intravascular coagulation [66].

The use of dimethyl sulfoxide for cryopreservation 
of blood stem cells has been implicated in causing 
damage to the alveolar endothelial lining, thus leading 
to the development of DAH [67, 68].

33.4.3.2 Inflammation

Inflammatory cells are likely to play a role in the devel-
opment of DAH. Animal studies have shown that alve-
olitis develops during the acute phase of the 
graft-versus-host reaction. This alveolitis is character-
ized by alveolar hemorrhage, increase in the alveolar 
leukocytes, platelet microthrombi, damage of alveolar 
endothelial and epithelial cells, increased turnover rate 
of alveolar cells, and increase in cell number and pro-
tein content of BAL fluid [65, 68]. Pre-transplant bron-
choscopy has shown increased bronchial inflammatory 
cells in patients who develop DAH following BMT, 
suggesting that bronchial inflammation precedes alve-
olar inflammation [43, 68, 69]. The initial injury is 
compounded by damage related to the return of inflam-
matory cells to the lung coincident with marrow recov-
ery [38]. Even in the presence of peripheral blood 
leukopenia, neutrophils and neutrophil products are 
seen in the lower respiratory tract of BMT recipients at 
the time of DAH [8, 38, 70, 71]. Hematopoietic growth 
factors, such as granulocyte colony-stimulating factor, 
may also play a role in worsening of the alveolar dam-
age and capillary leakage by increasing neutrophil 
infiltration into the lungs [39, 72]. One study of 19 

autologous BMT recipients has shown that about one-
third of autologous BMT recipients with peri-engraft-
ment respiratory distress syndrome have DAH [70]. 
Among the patients with peri-engraftment respiratory 
distress syndrome, those with DAH have higher abso-
lute neutrophil counts than those without DAH [70].

33.4.3.3 Cytokine Release

Cytokine release may mediate the development of 
DAH. It is speculated that damage to alveolar capillary 
endothelial membranes begins during preparative che-
motherapy or total body irradiation and results in 
release of inflammatory mediators [71]. In allogeneic 
transplants, donor T cells react to host alloantigens, 
become activated, proliferate, and secrete inflamma-
tory mediators. This response may be amplified after 
the release of endotoxin into the circulation from the 
gut following injury from mucositis or graft-versus-
host disease. It is suggested that the pathophysiology 
of acute graft-versus-host disease is a cytokine storm 
in which inflammatory cytokines mediate the response 
[73]. In autologous BMT recipients, the generation of 
cytokines is self-limited and resolves in 7–10 days 
[73]. Despite the more profound release of cytokines 
in allogeneic BMT recipients, the frequency of DAH is 
similar between allogeneic and autologous groups. 
This may be due to the immunosuppressive agents 
used for prophylaxis of graft-versus-host disease in the 
allogeneic group. The interleukin-12 level at the time 
of leukocyte recovery, tumor necrosis factor-a, and 
lipopolysaccharides have been associated with DAH in 
BMT recipients [65, 74].

33.4.4 Clinical Findings and Course

In the non-transplant patient population, the classic 
presentation of DAH consists of hemoptysis and dysp-
nea in the setting of iron deficiency anemia and a chest 
radiograph showing bilateral airspace consolidation 
with apical sparing. However, these features are vari-
able and may be absent. In the BMT recipient, DAH is 
characterized by progressive dyspnea, hypoxia, cough, 
diffuse consolidation on chest radiograph, and charac-
teristic BAL fluid findings developing within 1–7 days 
[5, 8]. DAH should be distinguished from localized 
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pulmonary hemorrhage with diffuse aspiration of 
blood due to chronic bronchitis, bronchiectasis, 
tumors, or infections. BMT recipients with DAH often 
have dyspnea and dry cough [8, 45]. Although coexis-
tent sepsis and mucositis may obscure the clinical pic-
ture, fever is a common finding [8, 35, 37, 41, 45, 67, 
68]. Hemoptysis is uncommon [35, 45, 68]. None of 
the 29 BMT recipients with DAH had hemoptysis in 
the study by Robbins et al. [8]. Compared to patients 
without DAH, those with DAH have more severe 
mucositis [8].

The onset of DAH is usually within the first 30 
(median 11–24) days following BMT [8, 35–37, 41, 
45, 67]. However, reports of DAH with onset after 
the first month of transplant are not uncommon [37, 
45, 60].

33.4.5  Laboratory and Radiographic 
Findings

BMT recipients with DAH are too ill to undergo pul-
monary function testing. Arterial blood gas studies 
show hypoxemia [5]. BAL fluid shows a median leu-
kocyte count of 130/mL and median red blood cell 
count 48,375/mL [36].

In BMT recipients with DAH, chest radiograph 
shows diffuse interstitial and alveolar infiltrates, pri-
marily central, and involving predominantly the 
lower and middle lung zones [44]. The earliest radio-
graphic manifestation is the presence of bilateral fine 
reticular opacities. Radiographic abnormalities pres-
ent at a mean of 11 days after transplant (range 0–24) 
and 3 days before clinical diagnosis of DAH [44]. 
The radiographic findings deteriorate in the first 
6 days. In a study of 39 BMT recipients with DAH, 
initial chest x-ray showed bilateral abnormality in 
27, unilateral in 10, and normal in 2; interstitial in 27 
and alveolar in 10 [44]. In the later phase of DAH, 
70% of the patients develop an alveolar pattern, and 
the interstitial pattern persists in 30%. Pleural effu-
sion is seen in 14% and cardiomegaly in 19%. 
Although computed tomography (CT) of the chest 
may be helpful in patients in whom a focal abnormal-
ity is suspected, CT and magnetic resonance imaging 
have a limited role in DAH. The most common CT 
finding is bilateral areas of ground-glass attenuation 
or consolidation [75].

BAL is the most commonly used diagnostic tool for 
confirming DAH [5]. The diagnosis of alveolar hemor-
rhage is made by progressively bloodier BAL return 
when hemorrhage is recent or by an increased number 
of hemosiderin-laden macrophages using Prussian blue 
staining (Fig. 33.1) [5, 7, 45]. The BAL appearance and 
the iron stain complement each other [45]. BAL may 
be progressively bloodier in early DAH, when hemo-
siderin-laden macrophages are absent. Iron staining 
adds an element of objectivity to the criteria used in the 
diagnosis of DAH. However, both false-positive and 
false-negative BAL have been reported [6, 53]. Because 
blood in the distal airways may give progressively 
bloodier BAL return regardless of the source, the 
appearance of BAL return is not reliable for the diagno-
sis of DAH. The mere presence of hemosiderin-laden 
macrophages is insufficient to diagnose DAH since 
normal individuals, particularly those who smoke ciga-
rettes, may have hemosiderin-laden macrophages [76]. 
Following acute pulmonary hemorrhage, it may take 
48–72 h for hemosiderin-laden macrophages to appear 
in respiratory secretions and 2–4 weeks for the hemo-
siderin-laden macrophages to clear from the lungs and 
airways [77]. Because of the delay in the appearance of 
hemosiderin-laden macrophages in BAL fluid and 
hemosiderin clearance after a few days, the absence of 
hemosiderin in alveolar macrophages does not exclude 
the possibility of recent (less than 48 h) or remote 
(greater than 12 days) alveolar bleeding [78]. To avoid 
BAL false-positive results, Golde et al. introduced 
ranking scores, the Golde score, based on the hemosid-
erin content of macrophages [12]. The Golde score 

Fig. 33.1 Hemosiderin-laden macrophages in bronchoalveolar 
lavage fluid of a patient with diffuse alveolar hemorrhage 
(Prussian blue stain)
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measures the hemosiderin content of pulmonary mac-
rophages: 200–300 macrophages of BAL fluid are 
counted, each cell is graded for hemosiderin on a scale 
of 0–4, and a mean score for 100 cells is calculated. 
BAL hemosiderin-laden macrophages ³20% correlate 
well with and are easier to measure than the Golde 
score for the diagnosis of alveolar hemorrhage [5, 7]. 
Early BAL is essential to exclude other pulmonary 
complications. Since hemosiderin-laden macrophages 
may not be present in BAL fluid early following acute 
alveolar hemorrhage, repeat bronchoscopy may be 
needed within 2–5 days of the first procedure [36]. 
Transbronchial lung biopsy is often contraindicated 
because of the bleeding risk due to coexisting thrombo-
cytopenia. Lung tissues in DAH show histologic fea-
tures consistent with diffuse alveolar damage [6, 8, 43, 
45, 58, 59]. DAH at autopsy is defined by the presence 
of blood in at least 30% of the evaluated alveolar sur-
faces [6].

33.4.6 Differential Diagnosis

There are overlaps in the diagnostic criteria used to 
define DAH, idiopathic pneumonia syndrome (IPS), 
and peri-engraftment respiratory distress syndrome in 
BMT recipients [5, 70, 79]. DAH is a distinct subset of 
IPS. IPS is a heterogeneous entity characterized by 
evidence of widespread alveolar injury and absence of 
lower respiratory tract infection [79]. Despite similari-
ties in the pathogenesis of DAH and IPS, DAH has its 
own peculiar characteristics.

IPS is characterized by diffuse interstitial pneu-
monitis and alveolitis leading to interstitial fibrosis. 
The early period following BMT is characterized by 
the presence of inflammatory cytokines whose net 
effect is to promote lymphocyte influx into lungs with 
minimal fibrosis [80]. During the later period, gradual 
changes in leukocyte influx and activation lead to dys-
regulated wound repair resulting from the shift in the 
balance of cytokines that promote fibrosis. DAH may 
be characterized by the prevalence of an antifibrotic 
cytokine milieu compared to a pro-fibrotic environ-
ment in IPS [5]. The onset of DAH mostly coincides 
with the stem cell engraftment period. The onset of 
IPS is not influenced by stem cell engraftment. Lung 
pathology in DAH is consistent with the proliferative 
phase of diffuse alveolar damage, without fibrosis. IPS 

is more common in allogeneic than autologous BMT 
recipients, whereas the incidence of DAH is similar 
between the two groups. The respiratory failure of 
most patients with DAH, unlike IPS, improves in 
response to corticosteroid therapy. More than 80% of 
the deaths in IPS are attributable to progressive respi-
ratory failure compared to 15% in DAH [5].

Peri-engraftment respiratory distress syndrome is 
defined by the presence of fever, evidence of lung 
injury, absence of cardiac dysfunction, exclusion of 
infectious etiologies, and onset within 5 days of neu-
trophil engraftment [70]. It has been reported in both 
autologous and allogeneic BMT recipients. Despite 
the paucity of data, neutrophils are considered to play 
a major role in its development. One-third of BMT 
recipients with peri-engraftment respiratory distress 
syndrome also have DAH [70]. The absence of DAH 
in two-third of patients with peri-engraftment respira-
tory distress syndrome and the occurrence of DAH 
beyond the peri-engraftment period suggest differ-
ences between these two syndromes despite their 
 overlap [5].

33.4.7 Treatment

Because the pathogenesis of DAH is considered to be 
an inflammatory response to various insults, and based 
on anecdotal experiences and retrospective studies, 
BMT recipients with DAH are treated with systemic 
corticosteroids [37, 38, 41, 45, 67, 71]. However, there 
are no prospective, randomized trials addressing the 
treatment of DAH in BMT recipients. In a retrospec-
tive study, Metcalf et al. compared three groups: those 
with no corticosteroids, daily methylprednisolone 
£30 mg, and daily methylprednisolone >30 mg [38]. 
The pretreatment arterial oxygen tension was lower in 
patients in the high-dose methylprednisolone group. 
However, the mortality rate was lower, and fewer 
patients required invasive mechanical ventilation in 
the high-dose methylprednisolone group. The methyl-
prednisolone dose for the high-dose group was 125–
250 mg every 6 h for the first 4–5 days and then tapered 
over 2–4 weeks. Low-dose methylprednisolone ther-
apy was not better than no steroid therapy [38]. In 
another study of 15 BMT recipients with DAH treated 
with 250 mg–2 g/day of methylprednisolone, transient 
clinical improvement was seen in ten patients [36]. 
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However, the overall mortality of 74% was not signifi-
cantly different from previous reports of untreated 
patients. A more recent study showed no statistically 
significant difference in mortality between BMT recip-
ients treated and not treated with corticosteroids for 
DAH [37]. Although many BMT recipients may sub-
sequently die from other complications, the respiratory 
status of most patients with DAH improves in response 
to corticosteroid therapy [5]. The usually used corti-
costeroid is methylprednisolone at approximately 1 g 
daily in four divided doses for 5 days, followed by 
1 mg/kg for 3 days, tapering off over 2–4 weeks [5].

Although immunosuppressive therapy, plasma 
exchange, and plasmapheresis have been tried to treat 
DAH in other patient populations, there is no evidence 
to justify their use in BMT recipients. There are case 
reports of allogeneic BMT recipients with DAH 
 successfully treated with recombinant factor VIIa 
[81–83].

33.4.8 Prognosis

The overall mortality rate of DAH in BMT recipients 
is about 76%, ranging between 48% and 100% 
(Table 33.3) [8, 22, 28, 35–38, 43–45, 57]. Although 

the initial presentation of DAH in BMT recipients may 
be respiratory failure, the most common causes of 
death include multiple organ failure and sepsis [36, 
38], in addition to respiratory failure [45].

The majority of BMT recipients with DAH require 
mechanical ventilator support for respiratory failure 
[32, 36, 37, 41, 43, 45, 57]. BMT recipients with DAH 
are at high risk for subsequent infectious complica-
tions [38]. Despite the high mortality rate, long-term 
survivors of BMT recipients with DAH may have nor-
mal respiratory function [36, 41]. However, one study 
had shown a more pronounced decline in FEV1 and 
FVC in BMT recipients who develop DAH compared 
to those who do not [8].
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34.1 Introduction

Venous thromboembolism (VTE) is an increasingly 
common complication of hematologic malignancies 
that can present as either a deep venous thrombosis 
(DVT) or a pulmonary embolism (PE) [1–3]. This ill-
ness has complications; in particular, analysis of a 
prospective observational study indicates that throm-
bosis is the second leading cause of death in cancer 
patients [1, 4]. In the past, cancer- asso ciated VTE was 
primarily considered a  complication of solid organ 
malignancies. However, emerging data indicate that 
the risk of VTE  development is as great or greater in 
hematologic malignancies, including lymphoma, leu-
kemia and multiple myeloma [5].

According to information from the Surveillance 
Epidemiology and End Results database in the 
United States, over 140,000 new cases of hemato-
logic malignancies are expected to be diagnosed in 
2009 with a prevalence of approximately 871,000 
cases in the USA [6]. Hematologic cancer patients 
represent a population of cancer patients at highest 
risk for VTE (adjusted OR, 28.0; 95% CI, 4.0–199.7) 
for VTE development in some studies [5]. Despite 
the high incidence of malignancy-associated VTE, 
this diagnosis is underestimated according to 
autopsy-based studies [7]. With mounting evidence 
surrounding VTE incidence in hematologic malig-
nancies, a greater emphasis has been placed on 
 better identification of those at risk, prevention 
and appropriate treatment strategies to reduce recur-
rent VTE.
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34.2  Risk Factors for VTE in Hematologic 
Malignancies

Several risk factors have been identified in cancer 
patients and can be categorized according to the type 
of malignancy, patient comorbidities and therapeutic 
interventions for cancer (Table 34.1).

34.2.1 Type of Malignancy

The type of malignancy is an important risk factor in 
VTE development. Historically, solid organ malignancies 

were associated with VTE. As discussed above, however, 
recent data from a large population-based case-controlled 
study, indicate the odds ratio for VTE development was 
highest in those with hematologic malignancies. 
Additional research demonstrates that amongst hemato-
logic malignancies, lymphoma and multiple myeloma 
were associated with the highest rates of VTE in hospital-
ized hematologic cancer patients [1], and in some series, 
these diagnoses have accounted for more than a third of 
the total number of thrombotic events [8]. A retrospective 
analysis of 612 outpatients with plasma cell dyscrasia 
revealed a 9% incidence of VTE with a median time to 
VTE of 8.5 months following diagnosis [9]. The increased 
risk of VTE in myeloma patients varies according to the 
chemotherapy regimen employed as well as the disease 
status; for instance, patients with relapsed/refractory 
myeloma have lower rates of VTE compared to newly 
diagnosed patients [10, 11].

34.2.2 Therapeutic Agents

Chemotherapy is associated with up to a sixfold 
increase in VTE risk as compared to the general popu-
lation [2, 12, 13], with several studies demonstrating a 
direct link between the use of chemotherapy for hema-
tologic malignancies and the incidence of thromboem-
bolic events [14–17]. Specific therapeutic agents have 
been linked with VTE both in epidemiologic studies as 
well as in laboratory studies evaluating coagulation. 
For instance, asparaginase has been linked to reduc-
tions in antithrombin levels as well as elevations in 
factor VIII/von Willebrand levels [18]. Coupled with 
prednisone use, as is standard in acute lymphoblastic 
leukemia (ALL) treatment, a hypofibrinolytic state 
ensues due to a dose-dependent increase in plasmino-
gen activator inhibitor-1 levels, thereby creating an 
environment suitable for VTE [18]. In some series, use 
of asparaginase, anthracyclines and prednisone was 
associated with a trend towards an increased risk of 
VTE with a 4.5% incidence [19, 20]. However, a meta-
analysis of 17 prospective studies of pediatric ALL 
demonstrated asparaginase significantly increased 
VTE risk [21]. Larger adult ALL studies have sup-
ported this finding. A recent study from Italy, which 
included 379 hematologic cancer patients – of which 
18% had ALL – revealed a significant 4.9-fold increase 
in VTE risk with asparaginase [22].

Malignancy-associated risk factors

• Type of malignancy

− Myeloma

− Lymphoma

− Leukemia

• Initial period (3–6 months) after diagnosis

Comorbidities

• Older age

• Hospitalization

• Recent surgery

• Infection

• Obesity

• Renal disease

• Pulmonary disease

• Inherited prothrombotic mutations

− Factor V Leiden

− Prothrombin gene mutation

− Prior history of VTE

Therapy-associated risk factors

• Chemotherapy

• Stem cell transplantation

• Central venous catheters

• Erythropoiesis stimulating agents

• Anti-angiogenic agents

− Thalidomide

− Lenalidomide

Table 34.1 Risk factors for VTE in hematologic cancer patients
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Doxorubicin, a key component of therapy for lym-
phoma, has been demonstrated in in vitro models to 
downregulate protein C activity, thereby promoting a 
prothrombotic state [23]. Novel therapeutics in the 
treatment of multiple myeloma, such as the anti- 
angiogenic class of agents, particularly thalidomide 
and lenalidomide, have also been associated with up to 
a sevenfold increase in the rate of DVT when given in 
combination with multiagent chemotherapy [17]. High 
rates of both venous and arterial events have been 
observed in clinical trials of other anti-angiogenic 
agents as well, suggesting this toxicity may be a class 
effect.

Not only is chemotherapy associated with a pro-
thrombotic state, but also supportive care measures are 
linked to an increased risk of thrombotic events. The use 
of erythropoiesis-stimulating agents (ESAs) has been 
found to increase the risk of VTE as well, although it is 
unclear whether this accounts for the increased mortality 
associated with these agents in some studies [24, 25].

34.2.3 Initial Period After Diagnosis

The initial phase of treatment poses a risk for VTE 
development in hematologic cancer patients as well. 
VTE risk in cancer patients was found to be greatest 
within a 3-month period following the diagnosis of 
cancer and can remain elevated for up to 15 years 
[5]. A retrospective review of patients with diffuse 
large B-cell lymphoma (DLBCL) over an 11-year 
period revealed a VTE incidence of 12.8% with a 
greater number of events occurring in patients with 
advanced stage or high risk disease [26]. Over 80% 
of events occurred during the first three cycles of 
chemotherapy [26].

34.2.4 Stem Cell Transplantation

Stem cell transplantation also poses unique risks  
for VTE development given lengthy hospitaliza-
tions, prolonged risk for infection and use of chemo-
therapy. Furthermore, patients undergoing stem cell 
transplantation have decreased fibrinolysis, decreased 
antithrombin III levels, increased thrombin produc-
tion and endothelial damage, all of which contribute  

to an increased risk for VTE [27–29]. A recent  
single- institution retrospective analysis of 589 patients 
undergoing hematopoietic stem cell transplantation 
revealed a 3.7% incidence of VTE 1-year post-trans-
plant [30]. Risk factors for VTE in hematopoietic stem 
cell transplant patients have been identified in a cohort 
study of 1,514 cancer patients, which included 1,291 
hematologic cancer patients. This study demonstrated 
that a prior history of VTE, the use of immunomodula-
tors and the development of graft-versus-host disease 
was associated with up to an eightfold increase in risk 
of VTE development (OR: 8.36, 1.87 and 2.05, respec-
tively) [31]. The universal use of central venous cath-
eters for delivery of chemotherapy further increases 
this risk (HR = 3.4, CI: 1.8–6.5) [20].

34.2.5 Comorbid Conditions

Several patient comorbidities are associated with a 
higher incidence of VTE and include: older age, immo-
bility, infection and obesity [13, 20]. Acquired pro-
thrombotic states, such as a history of VTE, prothrombin 
gene mutation, protein C or S deficiency and factor V 
Leiden, may also increase the risk of VTE [13]. 
Hospitalization is well known to increase the risk of 
VTE in cancer patients [32, 33]. The average risk of 
VTE per hospitalization is 4.1%; however, this risk 
varies widely and is noted to be higher in certain hema-
tologic malignancies [1]. The rate of VTE per hospital-
ization has increased by 47% in cancer patients 
receiving chemotherapy between 1995 and 2003, sug-
gesting that newer chemotherapy regimens may be 
more thrombogenic [1].

34.3 Candidate Biomarkers of VTE

P-selectin is a cell adhesion molecule found in platelet 
granules and endothelial cells that has been implicated 
in tumor growth, leukocyte adhesion and most notably 
thrombosis. When activated, they are expressed on the 
cell surface and help mediate platelet adhesion in 
thrombosis with subsequent release of procoagulant 
microparticles [34]. A recent prospective cohort study 
of 687 patients revealed that P-selectin levels were sig-
nificantly higher in cancer patients with VTE as 
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compared to those without (HR 2.6, CI 1.4–4.9) [35]. 
Of note, there were no significant differences in 
P-selectin levels according to the type of malignancy 
[35]. However, only 91 patients (13% of the study pop-
ulation) had a hematologic malignancy.

D-dimer, a marker of hemostatic activation, has 
been found to be elevated in noncancer patients with 
VTE and is predictive of recurrent VTE [36]. A recent 
study of 821 cancer patients revealed D-dimer to be 
significantly higher in cancer patients with VTE with 
an HR of 1.8 for development of VTE [37]. This risk 
further increased with the simultaneous detection of 
elevated prothrombin fragments, products of thrombin 
generation. D-dimer and prothrombin fragment eleva-
tions were found to be as elevated if not higher in 
patients with hematologic malignancies as compared 
to solid organ malignancies [37].

Tissue factor (TF), a transmembrane glycoprotein 
that serves to initiate coagulation, also has a relation-
ship to cancer progression and VTE. The majority of 
research in TF has been in solid organ malignancies; 
however, emerging data indicate that TF expression is 
increased in hematologic malignancies as well [38–
40]. Furthermore, its expression levels correlate with 
angiogenesis in hematologic malignancies through its 
effect on several oncogenic proteins, such as vascular 
endothelial growth factor (VEGF) and extracellular-
regulated kinase (ERK), among others [38, 41, 42]. 
Despite the known procoagulant properties of increased 
TF expression, any potential relationship between TF 
expression and clinical VTE in hematologic malignan-
cies has not yet been described. More research into the 
potential use of TF assays in hematologic malignan-
cies is needed before this can be used as a biomarker 
for VTE in this setting.

Research conducted in the ambulatory cancer popu-
lation has identified novel candidate biomarkers that 
may be predictive of cancer-associated VTE as well. 
Data from the ANC Study Group Registry suggests 
that elevated pre-chemotherapy platelet counts are 
associated with VTE [2]. Over a 2.5-month period, the 
incidence of VTE was nearly 4% for patients with a 
pre-chemotherapy platelet count ³350,000/mm3 as 
compared to 1.25% for patients with a pre-chemother-
apy platelet count of <200,000/mm3 (p for trend = 
0.0003). Further analysis of the ANC registry revealed 
a similar increase in risk of VTE with a pre- 
chemotherapy leukocyte count >11,000/mm3 [43]. 
Although comprised primarily of solid tumor patients, 

this study targeted patients with lymphoma who 
 comprised just over one-tenth of the study population.

Markers of hemostatic activation, such as C-reactive 
protein (CRP), have been observed to be elevated in 
cancer patients. Observational studies in cancer 
patients indicate that an increased CRP may be predic-
tive of VTE [33, 44].

34.4 A Predictive Risk Assessment Score

Cancer-associated thrombosis is a multifactorial pro-
cess that involves several risk factors. Identification of 
patients at risk for VTE requires a risk model that 
incorporates known risk factors and their relationships. 
Based upon data obtained from the ANC Study Group 
Registry, which included 512 (12.6%) patients with 
lymphoma, a validated risk model for chemotherapy-
associated VTE has been developed [43].

Using a development cohort of 2,701 ambulatory 
cancer patients, five variables predictive for VTE were 
identified using a stage-adjusted multivariate model. 
These include: body mass index ³35, site of cancer, 
pre- chemotherapy leukocyte count >11,000/mm3, 
hemoglobin <10 g/dL and/or use of erythropoietin, 
and pre- chemotherapy platelet count ³350,000/mm3 
[43]. Each variable was assigned a risk score using 
estimated regression coefficients, which was then vali-
dated in an independent cohort of 1,365 patients from 
the ANC registry. Rates of VTE in the high-risk patient 
subgroup approached 7%, similar to that seen in hospi-
talized patients [43]. Given thromboprophylaxis is safe 
and effective in hospitalized medical patients, similar 
assumptions can be made for cancer patients identified 
to be at high risk for VTE. A prospective study of 
thromboprophylaxis in ambulatory cancer patients 
deemed to be high risk based on this model is currently 
underway (NCT00876915).

34.5  VTE Thromboprophylaxis 
in Hematologic Malignancy

Several landmark studies have addressed thrombopro-
phylaxis using unfractionated heparin (UFH), low 
molecular weight heparin (LMWH) or factor Xa inhib-
itors according to patient setting (Table 34.2).
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34.5.1 Hematologic Cancer Inpatients

Three large randomized controlled trials have exam-
ined the role of various anticoagulants in the preven-
tion of VTE. Neither of these studies specifically 
focused on cancer patients, let alone patients with 
hematologic malignancies, with only 5–15% of the 
study populations of these studies comprising cancer 
patients.

The Comparison of Enoxaparin with Placebo for 
the Prevention of Venous Thromboembolism in Acutely 
Ill Medical Patients (MEDENOX) trial was a double-
blinded, placebo-controlled study that randomly 
assigned patients to receive either enoxaparin or pla-
cebo for a total duration of up to 14 days. Patients older 
than 40 years of age who were not immobile for more 
than 3 days and had an estimated length of stay of at 
least 6 days were included. A total of 1,102 patients, 
157 with cancer, were enrolled in this study and ran-
domized to one of three arms: enoxaparin 40 mg daily 
(N = 367), enoxaparin 20 mg daily (N = 364) or pla-
cebo (N = 371). At day 14, 5.5% of participants ran-
domized to the enoxaparin 40 mg arm developed VTE 
as compared to 14.9% within the placebo arm (RRR 
0.63, P < 0.001) [45]. This difference among study 
arms was maintained during the 90-day follow-up 
phase [45]. However, there were no significant differ-
ences between the enoxaparin 20 mg arm and placebo. 
Adverse events were similar among all groups with the 
exception of injection site hematomas, which occurred 
at a greater frequency in the treatment arms [45].

The Prospective Evaluation of Dalteparin Efficacy 
for Prevention of VTE in Immobilized Patients 
(PREVENT) Trial is another study that sought to 
assess the efficacy of dalteparin in VTE prophylaxis. 
Patients over 40 years of age admitted for an acute 
medical illness with an estimated length of stay of at 
least 4 days were included [46]. A total of 3,706 
patients, which included 190 cancer patients, were 

enrolled in this multicenter, placebo-controlled trial 
and were randomized to receive either dalteparin 5,000 
U or placebo daily for 14 days. At day 21 of the study 
period, patients in the dalteparin study arm had a VTE 
incidence of 2.77% as compared to 4.96% in the pla-
cebo arm (RRR 0.45, P = 0.0015) [46]. There was a 
trend in the incidence of VTE favoring the dalteparin 
arm at day 90; however, this was not significant [46]. 
Adverse events were similar in both study arms.

The Arixtra for Thromboembolism Prevention in a 
Medical Indications (ARTEMIS) Study is a similar 
trial that evaluated the efficacy of the factor Xa inhibi-
tor, fondaparinux, in VTE prophylaxis [47]. Patients 
older than 60 years of age, with congestive heart fail-
ure class III/IV and clinically diagnosed acute infec-
tions, were included in this study. A total of 849 
patients, which included 131 cancer patients, were 
enrolled and randomized to receive either fondaparinux 
2.5 mg daily or placebo for up to 14 days. Participants 
were assessed for VTE at day 15 of the study and were 
found to have a VTE incidence of 5.6% in the fonda-
parinux group as compared to 10.5% in the placebo 
group [47]. The adverse events using fondaparinux 
were not significantly different when compared to pla-
cebo, thus suggesting that fondaparinux is safe to use 
for thromboprophylaxis in hospitalized medical 
patients.

Alternatively, hospitalized cancer patients may be 
given UFH for thromboprophylaxis. Several trials 
have proven UFH to be a suitable means for thrombo-
prophylaxis with a reduction in mortality for patients 
with extended lengths of stay as well as time to VTE 
development [48, 49]. A recent metaanalysis com-
pared the use of LMWH to UFH in VTE incidence and 
found no significant difference in efficacy [50]. 
However, there was a 52% risk reduction in the inci-
dence of major hemorrhage in the studies that used 
LMWH [50]. For patients who are at high risk of 
bleeding or actively bleeding, mechanical methods of 

Study Total patients Cancer patients Intervention VTE

Samama 1999  
MEDENOX [45]

1,102 157 (14) Enoxaparin 40 mg Qday ×  
6–14 day vs placebo

5.5% vs 14.9%

Leizorovicz 2004  
PREVENT [46]

3,706 190 (5) Dalteparin 5,000 IU Qday ×  
14 days vs placebo

2.77% vs 4.96%

Cohen 2006  
ARTEMIS [47]

849 131 (15) Fondaparinu× 2.5 mg Qday ×  
6–14 days vs placebo

5.6% vs 10.5%

Table 34.2 Trials evaluating thromboprophylaxis of hospitalized hematologic cancer patients
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thromboprophylaxis are an acceptable alternative. 
These include graduated compression stockings, inter-
mittent pneumatic compression devices and a venous 
foot pump [51].

Cancer patients comprise a small percentage of the 
patient population evaluated in the majority of these 
studies, making it difficult to extrapolate the effects of 
prophylactic anticoagulation to this unique group of 
patients. Nonetheless, hospitalized hematologic cancer 
patients are at higher risk for VTE as compared to gen-
eral medical patients. Given the safety and effective-
ness of thromboprophylaxis in general medical 
patients, one could arguably assume similar results in 
hospitalized hematologic cancer patients. This has led 
various guidelines panels to recommend pharmaco-
logic prophylaxis in hospitalized cancer patients with-
out contraindications to prophylaxis, such as severe 
thrombocytopenia or active bleeding, where the risk of 
adverse bleeding events outweighs any potential ben-
efit [52]. Current American Society of Clinical 
Oncology (ASCO) and National Comprehensive 
Cancer Network (NCCN) guidelines do not recom-
mend thromboprophylaxis in cancer patients with a 
platelet count less than 50,000 [52, 53].

34.5.2 Hematologic Cancer Outpatients

Multiple myeloma patients receiving combination 
therapy using lenalidomide or thalidomide represent a 
unique subset of cancer patients at high risk for VTE. 
Initial studies utilizing thalidomide for treatment of 
myeloma were associated with a high rate of VTE 
[54–56]. Use of fixed low-dose warfarin for thrombo-
prophylaxis in these patients produced conflicting 
results depending on the treatment regimen employed. 
VTE rates in patients treated with thalidomide and 
dexamethasone decreased by 50% with the use of fixed 
low-dose warfarin; however, this was not supported in 
a subsequent study [11, 57]. A study evaluating multi-
agent chemotherapy for treatment of MM revealed an 
inability of fixed low-dose warfarin to alter the rate of 
thrombotic complications; however, prophylactic 
LMWH was associated with a 50% reduction in VTE 
incidence [56]. In a related study of multiagent chemo-
therapy with or without thalidomide, use of LMWH 
did not alter VTE incidence, thus producing conflict-
ing results [58].

Aspirin has also been evaluated in VTE prophylaxis 
with encouraging results. Data in abstract form from a 
large randomized trial of lenalidomide with either low- 
or high-dose dexamethasone revealed an 8% and 23% 
incidence of VTE, which decreased to 5% and 14%, 
respectively, with the use of aspirin [59]. Related trials 
utilizing lenalidomide in combination with dexametha-
sone and various chemotherapeutic agents have found 
similar results [60, 61]. Unfortunately, there are few trials 
evaluating the use of aspirin as prophylaxis. Moreover, 
there are no prospective randomized trials to date that 
address which anticoagulation regimen is best suited for 
MM patients. The choice of thromboprophylaxis should 
be tailored to any potential risk factor that predisposes 
one to VTE. The controversy surrounding thrombopro-
phylaxis in MM patients is reflected in the published 
clinical guidelines. NCCN guidelines recommend the 
use of prophylactic anticoagulation, but do not specify 
which anticoagulant to use [62]. The ASCO guidelines 
recommend either LMWH or adjusted-dose warfarin 
but not aspirin for VTE prophylaxis [52]. A recent panel 
report of the Myeloma Working Group identified risk 
factors for thrombosis associated with thalidomide/
lenalidomide-based therapy, including age, history of 
VTE, central venous catheter, comorbidities (infections, 
diabetes, cardiac disease), immobilization, surgery and 
inherited thrombophilia [63]. Myeloma-related risk fac-
tors included diagnosis and hyperviscosity. The panel 
recommended aspirin for patients with one or less risk 
factors for VTE. LMWH (equivalent to enoxaparin 40 
mg/day) was recommended for those with two or more 
individual/myeloma-related risk factors. LMWH was 
also recommended for all patients receiving concurrent 
high-dose dexamethasone or doxorubicin. Full-dose 
warfarin targeting a therapeutic INR of 2–3 was sug-
gested as an alternative to LMWH, although there are 
limited data in the literature with this strategy. It is 
important to emphasize that all of these guidelines and 
strategies are based on consensus rather than evidence, 
given the lack of randomized clinical trials data.

Despite the known association of VTE and cancer, 
it is not routine practice to place cancer patients on pro-
phylactic anticoagulation. Data in abstract form from a 
recent meta-analysis of VTE prophylaxis in ambula-
tory cancer patients revealed a 36% relative risk reduc-
tion with the use of LMWH [64]. Unfortunately, the 
absolute risk reduction was 1.8%, and use of prophy-
lactic anticoagulation was associated with a trend 
towards an increased risk for adverse bleeding events 
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[64]. Based upon these results, routine VTE prophy-
laxis in ambulatory cancer patients cannot be recom-
mended at this time with the specific exception for 
patients with multiple myeloma as discussed above.

34.5.3  Central Venous Catheter 
Thromboprophylaxis

Cancer patients with central venous catheters (CVC) 
are at increased risk for VTE, prompting investigations 
into whether prophylactic LMWH or fixed low-dose 
warfarin can reduce its incidence. A recent systematic 
review evaluated nine prospective studies of thrombo-
prophylaxis involving 1,932 cancer patients with CVC 
who received fixed low-dose warfarin, LMWH or UFH 
[65]. The result of this systematic review indicated no 
significant reduction in CVC-associated thrombosis in 
cancer patients [65]. The warfarin thromboprophylaxis 
in cancer patients with CVC catheters [66] trial sought 
to further address the role of warfarin in CVC-related 
thrombosis. This trial enrolled 1,590 cancer patients 
receiving active treatment via a CVC who were ran-
domized to either fixed low-dose warfarin, dose-
adjusted warfarin with a goal INR of 1.5–2.0 or 
placebo. The addition of either fixed low-dose warfa-
rin or dose-adjusted warfarin did not significantly 
reduce the rate of CVC-associated VTE [66]. At this 
time, there is no role for prophylactic anticoagulation 
in patients with CVC.

34.6  Treatment of VTE in Cancer Patients

Historically, the standard treatment of VTE involved 
initial anticoagulation with either LMWH or UFH, 
which was overlapped with a vitamin K antagonist and 
discontinued when the prothrombin time is appropri-
ately prolonged. Recent data have proven this model of 
anticoagulation to be suboptimal for cancer patients.

34.6.1 Initial Anticoagulation

Until the advent of LMWH, parenteral UFH was the 
sole mode of rapid onset initial anticoagulation. 

Unfortunately, this was at the expense of frequent 
monitoring, difficult dosage adjustments and at times 
wide fluctuations in the activated partial thromboplas-
tin time (aPTT). With the discovery of LMWH, blood 
monitoring is no longer necessary, and consequently it 
allows for outpatient treatment, thereby simplifying 
the management of VTE. LMWHs have been proven 
to be as effective as UFH without any significant dif-
ference in the incidence of adverse outcomes [67–69]. 
Furthermore, there are data suggesting a statistically 
significant reduction in mortality with its use [67–70]. 
Based on these data, ASCO guidelines recommend 
LMWH as the preferred agent for initial anti coagulation 
in cancer patients [32]. Fondaparinux is an  acceptable 
alternative to LMWH for initial anticoagulation [71].

34.6.2 Long-Term Anticoagulation

Warfarin has been the standard for long-term antico-
agulation; however, it is fraught with difficulties in the 
cancer patient population. Long-term anticoagulation 
with warfarin has been associated with higher rates of 
adverse bleeding events in cancer patients as compared 
to those without cancer independent of INR levels [72, 
73]. Warfarin has also been linked to an increased inci-
dence of recurrent VTE in cancer patients as compared 
to noncancer patients (20.7% vs 6.8%, respectively) 
[73]. The outpatient management of anticoagulation 
with warfarin can be especially difficult due to the sev-
eral dietary and drug-related interactions it has that can 
affect INR levels [74, 75]. Additionally, the process of 
reversal of anticoagulation followed by re-anticoagu-
lation in the setting of an invasive procedure can be 
troublesome.

Given the inherent difficulties of long-term antico-
agulation with warfarin, several studies have ques-
tioned if long-term anticoagulation with LMWH 
would be an acceptable alternative. The largest was 
the CLOT trial, wherein 672 cancer patients, 70 with 
hematologic malignancies, who had documented VTE, 
were randomized to receive either dalteparin (N = 336) 
or warfarin (N = 336) for a total of 6 months [76]. 
During the 6-month study period, 27 patients in the 
dalteparin group had recurrent VTE as compared to 53 
patients receiving warfarin (P = 0.002) [76]. The use 
of LMWH was associated with a greater than 50%  
risk reduction in recurrent VTE. Coupled with an 
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equivalent safety profile, LMWH was established as a 
superior agent for long-term anticoagulation in cancer 
patients. Similar results were obtained with tinzaparin 
in which 200 cancer patients, 23 with a hematologic 
malignancy, with documented VTE were randomized 
to receive either tinzaparin or warfarin for 3 months. 
At the end of 12 months, 7% of patients in the tinza-
parin group had recurrent VTE as compared to 16% in 
the warfarin group (P = 0.044) [77]. The reported 
adverse events were similar across both study groups. 
Additional studies were performed using the LMWH 
enoxaparin, however were underpowered to show any 
statistically significant difference as compared to 
 warfarin [78, 79].

The data supporting the efficacy for long-term anti-
coagulation using LMWH in cancer patients is mount-
ing. A recent Cochrane database systematic review of 
LMWH for long-term anticoagulation conferred a sta-
tistically significant reduction in recurrent VTE (HR = 
0.47, CI = 0.32–0.71) [80]. As per previous studies, 
there was no statistically significant difference in 
bleeding complications between LMWH and warfarin 
(RR = 0.91; CI = 0.64–1.31) [80]. As a result of the 
above-mentioned studies, the ASCO, NCCN and 
ACCP guidelines all recommend the use of LMWH 
for long-term anticoagulation of VTE in hematologic 
cancer patients [32, 81, 82].

The optimal duration of anticoagulation in cancer-
associated thrombosis remains unknown. One can postu-
late that cancer patients should remain on anticoagulation 
indefinitely as long as the cancer is active, since this pre-
disposes to an inherent prothrombotic state. Overall, the 
risk-benefit ratio should be weighed periodically, and an 
individualized decision regarding the duration of antico-
agulation is recommended.

34.6.3 Use of Vena Caval Filters

Anticoagulation is the primary therapy for cancer 
patients with VTE. In situations where anticoagula-
tion is contraindicated, an inferior vena cava (IVC) 
filter is a suitable alternative. A systematic review 
evaluating the benefit of IVC filters demonstrated a 
reduction in the incidence of pulmonary embolisms, 
but there has not been any documented survival bene-
fit [83]. Data from long-term follow-up indicates that 
patients who received an IVC filter were at increased 

risk for DVT, but decreased risk for PE [84]. 
Unfortunately, none of these trials were exclusive to 
hematologic cancer patients or to a specific type of 
IVC filter. Therefore, the decision to use an IVC filter 
should be made on an individual basis when antico-
agulation is contraindicated.

34.7 Summary and Future Directions

Cancer-associated thrombosis is a common complica-
tion of hematologic malignancies that is associated 
with an increased mortality and diminished quality of 
life. Risk factors for VTE have been identified related 
to the malignancy and its treatment. Emerging data 
have identified several potential candidate biomarkers 
predictive of VTE. Several studies have revealed 
LMWH, UFH and factor Xa inhibitors to be an effec-
tive means for thromboprophylaxis in hospitalized 
hematologic cancer patients. In select cases, thrombo-
prophylaxis is also appropriate in the ambulatory set-
ting. Using known risk factors for VTE, a validated risk 
model has been created to identify cancer patients at 
highest risk for VTE. Future application of this risk 
model in a prospective manner is currently ongoing and 
is important to assess the efficacy of thromboprophy-
laxis in high-risk hematologic malignancy patients.
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35.1  Introduction

Acute lung injury (ALI) and its more severe form, 
acute respiratory distress syndrome (ARDS), are the 
rapid onset of severe pulmonary inflammation result-
ing in hypoxemia leading to respiratory failure  
[3, 6, 105]. A consensus definition was reached by the 
North American-European Consensus Conference 
(Table 35.1) to allow for proper research to better 
define the pathophysiology and to optimize clinical 
outcomes for affected patients [6]. ALI has been 
defined as the insidious onset of profound hypoxemia 
with PaO

2
/FiO

2
 < 300 mmHg (at sea level with lesser 

values at higher altitudes, e.g., 271 mmHg at 5,280 ft 
to 1,600 m) with bilateral infiltrates on x-ray without 
evidence of left atrial hypertension [6]. ARDS has 
the identical definition with PaO

2
/FiO

2
 ratios of 

<200 mmHg with similar altitude dependence [6]. 
These syndromes are characterized by massive leuko-
cyte infiltration in the lungs with protein-rich exu-
dates in the alveolar spaces [105].

The incidence of ARDS in children in the US is 
12.8/100,000 person-years as calculated through a 
population-based, regional, prospective cohort study 
in contrast to previous studies from Australia-New 
Zealand and Germany, which demonstrated inci-
dences of 2.95–3.4/100,000 person-years [9, 27, 109]. 
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In the past, mortality from ARDS was much higher 
(50–94%), but current data reported ARDS mortality 
between 18% and 35% with the largest single study 
of the syndrome at 22% [9, 27, 109]. As expected, the 
mortality from ALI is lower with current rates around 
14–16% [27, 109]. Importantly, the largest number of 
children who die from ALI are immunocompromised 
hosts with hematopoietic stem cell transplants 
(HSCT) [109].

The risk factors associated with ALI/ARDS 
include bacterial pneumonia, sepsis, viral pneumonia, 

bronchiolitis, aspiration, non-pulmonary trauma, 
burns, near drowning, and pancreatitis (Table 35.2) 
[27, 109]. The largest prospective study of ALI in 
328 children demonstrated that three risk factors 
were independently associated with mortality: (1) 
the initial severity of hypoxia, as documented by the 
PaO

2
/FiO

2
, (2) the presence of organ dysfunction 

excluding the lung and the central nervous system 
(CNS), and (3) CNS dysfunction [30]. For further 
information, the reader is encouraged to read the fol-
lowing articles to better understand the epidemiol-
ogy, pathophysiology, risk factors for mortality and 
treatment [9, 27, 30, 73, 109].

Although it appears to be uncommon, ALI can be 
a serious complication in patients with cancer. These 
patients, because of the nature of their disease or its 
therapy, require immediate and special therapeutic 
interventions [10]. Unlike most of the patients who 
develop ALI, oncology patients have often received 
cytotoxic drugs, growth factors, and/or biologic 

Table 35.1 Criteria for ALI [6] and TRALI [96]

The consensus definition of ALI

• Acute onset of respiratory symptoms

• No evidence of left atrial hypertension

– Pulmonary artery wedge pressure <18 mmHga

• Hypoxemia

– PaO
2
/FIO

2
 £ 300 mmHg

– Oxygen saturation £ 90% while on room airb

Additional criteria for TRALI

For patients without ALI risk factors (see Table 35.2)

– New ALI as outlined above

–  Onset of symptoms during or within 6 h of the 
completion of a transfusion of one or more blood 
components

For patients with ALI risk factorsc

– New or worsening ALI

–  Onset of symptoms during or within 6 h of the comple-
tion of a transfusion of one or more blood components

Additional findings that can be associated with TRALI, but 
are not diagnostic

– Fever

– Hyper- or hypotension

– Transient leukopenia

–  Leukocyte antibody–antigen match between donor and 
recipient

aIf available. Catheter insertion is recommended only if  clinically 
indicated
bAdded by the NHLBI working group in 2005
cThe clinician must evaluate the patient’s course, hopefully with 
the assistance of the local blood bank to determine whether the 
patient’s transfusion was causative or coincidental in the devel-
opment of ALI

Table 35.2 Underlying diseases that can predispose patients to 
ALI and to TRALI [27, 88, 109]

Risk factors for ALI/ARDS

Direct

• Pneumonia (viral or bacterial or opportunistic)

• Bronchiolitis

• Aspiration

• Burns

• Near-drowning

Indirect

• Sepsis

• Trauma

• Pancreatitis

Risk factors for TRALI

• Patients with hematological malignancies

• Patients requiring cardiac surgery

• Recent major surgery (<24 h)

• Sepsis/acute active infection

• Massive transfusion

• Cytokine therapy

• HUS/TTP
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response modifiers, radiation therapy, and  transfusions 
of both packed red blood cells (PRBCs) and plate-
let concentrates (PCs). These treatment modalities  
may represent different risk factors for the develop-
ment of ALI (Table 35.2). In addition to life-saving 
respiratory support with supplemental oxygen and 
proper mechanical ventilation, the patient with a 
hematological malignancy may require immediate 
cessation of the offending medication as well as the 
prompt administration of corticosteroids. Certainly 
patients with hematological malignancies are at risk 
for developing ALI secondary to the common risk 
factors, but their underlying disease, therapies, immu-
nosuppression, and frequent need for transfusions 
make them a unique patient population. Lastly, trans-
fusion-related acute lung injury (TRALI), a form of 
ALI that may also progress to ARDS, has been 
reported in a large number of patients with hemato-
logical malignancies, and TRALI may represent 
much of the ALI seen in the critically ill for its inci-
dence is increasing and has been reported in 5–16.7% 
of critically ill patients requiring transfusion support 
[4, 5, 37].

35.2  Transfusion-Related Acute Lung 
Injury

35.2.1  Diagnosis and Treatment

In 2005, a working group from the National Heart 
Lung and Blood Institute expounded on the ALI crite-
ria to define transfusion-related ALI (TRALI), which 
is new or worsening ALI that occurs during or within 
6 h of transfusion of blood components with hypox-
emia (PaO

2
/FiO

2
 < 300 mmHg) and a chest x-ray with 

bilateral infiltrates and a normal cardiac silhouette 
(Fig. 35.1). In patients who have clinical features that 
place them at risk for the development of ALI, the 
same criteria need to be met, but there is a chance that 
the onset of ALI in temporal relation to the transfusion 
is coincidental and not causative (Table 35.1) [96]. 
There are currently no laboratory tests or radiographic 
imaging that can distinguish TRALI from ALI due 
to other causes. Despite the definition of TRALI, it 
remains a diagnosis of  exclusion, and all other poten-
tial causes of respiratory distress should be evaluated. 

That being said, there is likely  underdiagnosis and 
underreporting of patients with clinical TRALI. 
The definition of TRALI also excludes patients who 
develop milder respiratory symptoms in the setting of 
a blood transfusion [19].

Fig. 35.1 A chest radiograph of a patient with fatal TRALI. 
(a)  Radiograph taken prior to surgery. This X-ray shows normal 
cardiomediastinal silhouette, bilateral basilar atelectasis, and 
low lung volumes, but there is no evidence of pleural effusion, 
focal consolidation, or pneumothorax. (b) Radiograph taken at 
the time TRALI was identified. This X-ray demonstrates exten-
sive bilateral areas of consolidation in the mid and upper lobes 
of the lung consistent with aspiration or edema with a normal 
cardiac silhouette, new since the previous examination earlier on 
the same day. Radiographs from N Leeborg and LK Boshkov, 
Deaprtment of Pathology, School of Medicine, Oregon Health 
Sciences University, Portland OR
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The etiology of TRALI has not been definitively 
elucidated. The pathogenesis of TRALI from both 
clinical studies and animal requires at least two dis-
tinct clinical events [90, 96]. The first event is the 
patient’s underlying disease process, commonly an 
inflammatory process such as sepsis or newly diag-
nosed hematological malignancy. This inflammatory 
process leads to the adherence of neutrophils to the 
vascular endothelium and can lead to sequestration in 
the pulmonary vasculature. The second event is the 
passive transfer of antibodies or biologic response 
modifiers that activate the primed neutrophils caus-
ing their release of superoxide radicals. Such a model 
was initially proposed in the clinical “look back” 
studies by Van Buren, which was confirmed by the 
group in Denver and other “look back” studies [46, 
50, 85, 90, 95, 100].

While the definition allows for symptoms to begin 
within 6 h of completing the transfusion, most patients 
become symptomatic during the transfusion or within 
2 h of its completion [104]. The onset of symptoms 
may be as insidious as a cough, but can rapidly prog-
ress to severe dyspnea, tachypnea, hypoxia, and fatigue 
in the presence of a low-grade fever. The patient is usu-
ally severely hypoxemic with crackles upon ausculta-
tion of the lungs [10]. Chest radiograph demonstrates 
bilateral alveolar infiltrates indicative of edema, usu-
ally with a normal cardiac silhouette [10] (Fig. 35.1).

Treatment of TRALI is supportive in nature, and 
most patients recover within 72–96 h of the start of 
their symptoms. Severity can differ widely between 
patients; some patients may only require supplemental 
oxygen, while others may require either noninvasive 
pressure support or intubation and mechanical ventila-
tion. There are reports of patients having sufficient 
respiratory failure to require extracorporeal membrane 
oxygenation (ECMO) [54, 57]. Steroids and diuretics 
are two additional therapies that have been used in 
patients with TRALI, but neither has been studied in a 
prospective trial. With regards to the use of steroids, 
there is no evidence that their use alters a patient’s 
clinical course. Additional caution should be used in 
patients with lymphoblastic leukemia or lymphoma as 
corticosteroids play an important role in their therapy. 
A recent consensus conference has endorsed not using 
diuretics as they may be deleterious, presumably by 
decreasing the intravascular volume [88].

35.2.2  Epidemiology

TRALI has been described in patients of all ages, from 
infants to the elderly. While TRALI is most frequently 
associated with products containing more than 30 mL 
of plasma, all types of blood component therapy have 
been implicated in its development. Both patient and 
blood component factors contribute to the risk of devel-
oping TRALI. The patients with the highest risk of 
developing TRALI are those with hematological malig-
nancies not yet in remission, patients undergoing car-
diopulmonary bypass, critically ill patients, and patients 
with gastrointestinal (GI) bleeds [4, 37, 85]. Transfusion 
of blood products is an independent risk factor for the 
subsequent development of ALI in susceptible patients 
and acts in a dose-dependant manner [4].

Plasma-containing blood components are associ-
ated with the highest rates of TRALI morbidity and 
mortality [85]. Plasma obtained from multiparous 
females carries a higher risk of antibody-mediated 
TRALI [12, 47, 102]. In addition, studies reveal that 
biologic response modifiers associated with the prim-
ing of neutrophils (PMNs) accumulate in the storage 
of cellular blood products [48, 86, 87]. This is consis-
tent with clinical studies associated higher rates of 
TRALI with older products [85].

Patients with hematological malignancies comprise 
a large portion of those patients who have TRALI. 
Silliman et al. (2003) reported on a case series of 46 
patients who developed TRALI, looking at risk factors 
[85]. Their series included 15 pediatric patients and 31 
adult patients. In the pediatric population, 12 out of the 
15 patients had a hematological malignancy (leukemia 
or lymphoma) as their underlying disease process with 
75% of those patients undergoing induction therapy at 
the time of their development of TRALI. Therefore, 
60% of pediatric patients in this series who developed 
TRALI were patients with leukemia or lymphoma not 
in remission [85].

Of the 31 adult patients in this series, nine of them 
had underlying hematological malignancies (includ-
ing three with myelodysplasia). The remaining six 
patients were undergoing induction therapy for either 
acute myelocytic leukemia (AML) or lymphoma. The 
most common underlying diagnosis in adult patients 
was cardiovascular disease in the setting of undergoing 
surgery with cardiopulmonary bypass [85]. The overall 



46535 Transfusion-Related Acute Lung Injury in Children with Hematological Malignancies 

percent of patients in this series having an underlying 
oncologic diagnosis was 45% (21/46), and all patients 
had an absolute neutrophil count greater than 500/mm3 
[87], which is slightly higher than results from the 
Serious Hazards of Transfusion (SHOT) report pub-
lished in 2009 reporting on 195 cases of TRALI, 
which showed 36% of patients having an underlying 
hematology/oncology diagnosis [12, 93]. The differ-
ent incidences between these series may be due to the 
fact that in Silliman’s series, 32% of the patients were 
under the age of 18, whereas in the SHOT report only 
10% were pediatric patients.

The results of the Epidemiology and Survival of 
Transfusion Recipients (EASTR) survey recently 
reported on the indications for transfusion in the UK 
during a 12-month period in 2001–2002. Patients with 
benign and malignant hematological diseases made up 
21% of the patients receiving PRBCs, 27% of patients 
receiving PCs, and 6% of patients receiving fresh fro-
zen plasma (FFP) [106]. Comparing these results to 
the incidence in TRALI in a similar patient population 
reveals that patients with hematological malignancies 
are overrepresented in the population of patients who 
develop TRALI.

While it is more common for patients with hemato-
logical malignancies to develop TRALI during the 
early stages of treatment, either induction or consoli-
dation [85], there are case reports of TRALI occurring 
in patients whose diseases are in remission [36]. Fung 
and colleagues describe two cases of pediatric patients 
who developed TRALI during therapy for acute myelo-
cytic leukemia. One patient had just completed her 
sixth cycle of chemotherapy, while the second patient 
was treated with FFP prior to the initiation of any che-
motherapy. In both patients, alternative diagnoses were 
considered including infection, fluid overload, pulmo-
nary leukostasis, and pulmonary hemorrhage in addi-
tion to TRALI [36]. Given the frequency of blood 
component transfusions in oncology patients, it is 
important for the clinician to maintain a high level of 
suspicion for TRALI. Patients are not only at risk dur-
ing their initial therapy; there are two case reports (one 
pediatric, one adult) describing patients who devel-
oped TRALI during the infusion of stem cells for treat-
ment of acute leukemia [56, 98]. Additional case 
reports demonstrate patients are still at risk for TRALI 
following post-transplant engraftment [38, 56, 68].

35.2.3  The Role of the Neutrophil

The PMN has long been thought to be the effector cell 
in the pathogenesis of TRALI. Neutrophils are part of 
the innate immune system and emigrate to the tissues 
where they phagocytose invading microbes. The 
microbicidal arsenal of the PMNs includes both gran-
ule-based serine proteases and the NADPH oxidase, 
and PMNs kill bacterial or fungal pathogens by degran-
ulation of proteases, and the formation and release of 
superoxide radicals into the phagolysosome or at areas 
of firm adherence (especially fungi). Neutrophils are 
not evenly distributed through the body: approximately 
28% of an individual’s neutrophils are located in the 
pulmonary pool [35]. This is a dynamic number and 
can increase in many clinical situations, especially in 
inflammation.

Neutrophils found in the body have three different 
stages: quiescent, primed, and activated [46]. 
Damaged or activated endothelium releases chemok-
ines to recruit quiescent neutrophils, and surface 
selectins facilitate the tethering of PMNs to the 
endothelium (Fig. 35.2a). These firmly adherent 
PMNs are considered to be primed. Primed PMNs are 
firmly adherent to the vascular endothelium through 
b

2
-itegrins on the PMN and ligands, especially inter-

cellular adhesion molecule-1 on the pulmonary 
microvascular endothelium (Fig. 35.2a). At this point 
the PMNs either diapedese through the capillary 
endothelial cells along a chemotactic gradient to the 
nidus of infection or they remain sequestered 
(Fig. 35.2). Importantly priming is a reversible phe-
nomenon, and after minutes to hours these adherent 
PMNs regain their former malleable state of the qui-
escent cell and then traverse the pulmonary circula-
tion to reenter the circulation.

With respect to PMN-mediated ALI, the adherent 
primed PMN is functionally hyperactive, such that 
agents that normally do not cause activation of the 
microbicidal arsenal of quiescent PMNs may activate 
a primed PMN [47] (Fig. 35.2b). Passive transfusion of 
antibodies or biologically active lipids can lead to the 
activation of these adherent/hyperactive PMNs, acti-
vating their microbicidal arsenal, causing release of 
oxidative (O

2
−) and nonoxidative (proteases) focused at 

the points of firm adhesion to the pulmonary vascular 
endothelium (Fig. 35.2b). This activation of the PMN 
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Fig. 35.2 (a) Normal PMN physiology. From an infection 
(ovals) in the tissues: (1) signals (LPS) are sent out (arrows) that 
activate ECs causing (2) chemokine release (crosses) and attrac-
tion, tethering, and (3) firm ICAM-1:CD11b/CD18 adherence. 
PMNs diapedese (4) and chemotax to the site of infection 
and kill the pathogens. (b) PMN-mediated ALI. In response to 
intravascular stimuli (LPS, cytokines, lipids), ECs become  
(1) activated and release chemokines (crosses), which cause 

PMN attraction, (2) tethering, and ICAM-1: CD11/CD18 firm 
adherence (3). A second intravascular stimulus including 
 transfusion of specific antibodies against host PMN antigens or 
transfusion of BRMs activate these primed, adherent PMNs (4) 
causing EC damage, capillary leak, and TRALI (5). (This figure 
was published in Silliman CC et al. (2005) The role of endothe-
lial activation in the pathogenesis of transfusion-related acute 
lung injury. Transfusion 45 (suppl) 109S–116s.) 
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microbicidal arsenal causes endothelial damage at the 
sites of sequestration, resulting in endothelial damage, 
capillary leak, and TRALI (Fig. 35.2b). Postmortem 
histological evaluation has confirmed that PMNs 

appear to be required for the lung injury in TRALI, 
and animal studies have demonstrated that TRALI  
can be inhibited by rendering the rodents neutropenic 
[45, 59] (Fig. 35.3).
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35.3  Etiology of TRALI: Antibody- and 
Nonantibody-Mediated TRALI

35.3.1  The Role of Human Leukocyte 
Antigen, Major Histocompat ibility 
Complex Class I Antibodies

Anti-leukocyte antibodies are thought to be etiologic 
in most cases of TRALI, whether they are anti-human 
leukocyte antigen (HLA) or anti-human neutrophil 
antigen (HNA). Major histocompatibility complex 
(MHC) Class I antigens are expressed on all nucleated 
cells and present antigen fragments to cytotoxic T-cells 

alerting the immune system of a cell that is foreign, 
infected, or has become malignant. There is great  
variability in the portion of the MHC region respon-
sible for antigen presentation. This variety stems from 
the over 2,500 possible Class I alleles and puts indi-
viduals at risk for developing HLA antibodies when 
exposed to blood products from either transfusion or 
childbirth.

Multiparous women are at the highest risk of  
having HLA antibodies, and the prevalence increases 
with each subsequent pregnancy [20,71]. Triulzi et al. 
(2009) demonstrated that 1.7% of nulliparous women 
and 1% of men have HLA antibodies, whereas nearly 
one third of women with four or more pregnancies 
have HLA antibodies [97]. This increase in HLA 
 antibody prevalence increased incrementally with 
each pregnancy from 1.7% to 11.2%, 22.3%, 27.5% 
and 32.3% (1, 2, 3, and 4 pregnancies, respectively 
[97]. The difference in HLA antibody prevalence 
between male and multiparous female derived plasma 
has been well known and this difference prompted the 
British Transfusion Service to move to male-only 
plasma for transfusion in 2003. This switch has shown 
promise in decreasing rates of TRALI from a total  
of 59 cases in 2003–2004 to 34 cases in 2006–2007 
[12, 97].

Early reports of TRALI showed the presence of 
anti-HLA or anti-granulocyte antibodies in almost 
90% of units implicated in TRALI [71]. A meta- 
analysis of case reports and case series looking at the 
prevalence of HLA antibodies in TRALI confirmed 
this earlier observation and found HLA antibodies in 
86% of TRALI cases compared to 28% of patients 
who did not develop TRALI [102]. These studies, 
while comprehensive, looked only for HLA antibodies 
in the donor and not for the cognate antigen in the 
recipient. Data from the Netherlands hemovigilance 
program suggest that not all patients who developed 
TRALI after being infused with donor HLA antibod-
ies had the related antigen. They showed that in 49 
patients with TRALI, while 73% (36/49) of donor 
samples had anti-leukocyte antibodies, only 58% 
(21/36) of those recipients had the cognate antigen 
[102]. Of the 21 donor samples with anti-HLA anti-
bodies, 43% (9/21) were against HLA Class I. In 
another study of 44 patients with ALI after transfu-
sion, 16% of cases had antibody–antigen matches 
despite 68% of the patients receiving products with 
HLA or anti-granulocyte antibodies [110].

a

b

Fig. 35.3 Thin sections of fixed lung from a patient with fatal 
TRALI demonstrating acute diffuse alveolar infiltrate with 
 intra-alveolar edema, hyaline membrane formation, and scant 
interstitial inflammation. There was not histological evidence of 
infection, and all cultures from the lung, bacterial, viral, and 
 fungal, were negative, as were the patient’s blood cultures. The 
magnification of the micrographs is 40× in image (a) and 440× 
in image (b). The images are taken from [89]
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The narrow focus of only looking for HLA 
 antibodies in the donor without evaluating HLA anti-
gens in the recipient can lead to an overestimation 
antibody-mediated TRALI. There is a report of a lung 
transplant patient developing TRALI in the trans-
planted lung, but not in her native lung [21]. Further 
laboratory investigation revealed that the donor blood 
contained anti-HLA-B44 antibodies. Only the donor 
lung had the cognate HLA-B44 antigen, whereas the 
patient only expressed HLA-B35 and HLA-B62 [21]. 
The marked difference in radiographic findings 
between the transplanted and native lung suggest that 
the presence of donor HLA antibodies is not sufficient 
to produce the second hit necessary for neutrophil 
priming. In addition, this case also represents one of 
immune complex deposition on the surface of the 
transplanted lung and provides clinical support for the 
animal model of Looney et al. [59]. There must be a 
specific antibody–antigen interaction to get the neces-
sary immunologic response. One might conclude that 
the remaining 42% of patients in the Dutch study who 
did not have proven incompatibility with the donors 
HLA antibody, may have had nonimmune-mediated 
TRALI and that the finding of donor HLA-antibodies 
was coincidental, not causative.

The passive transfer of HLA antibodies to recipi-
ents who have the matching antigen is insufficient to 
cause TRALI in the absence of other risk factors. Two 
look-back studies have been performed to look at other 
patients receiving blood products from a donor impli-
cated in a case of TRALI. Both of these studies dem-
onstrate that despite having the cognate antigen to the 
donor’s antibody (either HNA or HLA), the majority 
did not develop TRALI [50, 95, 108]. Kopko and asso-
ciates looked at a donor with anti-HNA-3a antibodies 
and found that while only one recipient was diagnosed 
with clinical TRALI, 36% of the remaining studied 
recipients had some degree of respiratory distress in 
association with the transfusion, none of which was 
reported at possible TRALI a the time [50]. Their find-
ings differ from those of both Win and Toy and their 
colleagues, who performed similar look-back studies, 
which did not show any other transfusion complica-
tions in patients with the matching HLA antigen to the 
donor’s antibody [95, 108]. Given the under-reporting 
of TRALI and transfusion-associated respiratory 
symptoms [108], it is possible that some cases of 
TRALI were missed. These look-back studies suggest 
that TRALI is multi-factorial in nature: (1) requiring 

the transfusion of HLA or HNA antibodies into a 
patient with the cognate antigen and (2) an underlying 
condition that predisposes them to the development of 
TRALI.

Animal models have been developed to try to eluci-
date more information on the etiology of TRALI. 
Many of these models fail to recapitulate the exact pro-
cess of TRALI and are not consistent with the clinical 
TRALI we see in patients [60, 82]. Lögdberg and col-
leagues published a summary of the available literature 
about current in vivo and ex vivo animal models [59]. 
Many of the models are based on the two-hit hypothe-
sis and have used HNA antibodies, bioactive lipids, 
and HLA antibodies as the second insult [65, 82, 101]. 
Kelher and associates have developed a model in 
Sprague-Dawley rats that uses lipopolysaccharide 
(LPS) to produce underlying inflammation for the first 
hit and then infused the rats with MHC I antibodies 
[46]. They were able to demonstrate pulmonary capil-
lary leak, which occurred over a similar time course as 
in clinical TRALI as well as a dose-dependent response 
to the antibodies. There was no evidence of pulmonary 
damage in the absence of either LPS or the MHC I 
antibodies [46]. This model not only confirms the two-
hit hypothesis, but also the role that antibodies to MHC 
class I antigens play in the development of TRALI.

35.3.2  The Role of HLA MHC Class II 
Antibodies

Antibodies specific for HLA class II antigens have 
been implicated in a large number of patients with 
TRALI who express the cognate antigens [23, 37, 52, 
103, 107]. Binding of specific HLA class II antibodies 
to their cognate antigens on monocytes in vitro resulted 
in intracellular synthesis of TNFa, IL-1b,and tissue 
factor over a 4-h time period as compared to identical 
monocytes incubated with control sera [51]. Moreover, 
incubation (20 h) of monocytes that express the cog-
nate antigens with antibodies to these HLA class II 
antigens resulted in the production of both cytokines 
and chemokines (IL-8, GROa); the latter peptides 
could certainly activate neutrophils sequestered in the 
lung [79]. Recent in vitro studies demonstrated that co-
cultures of human pulmonary microvascular endothe-
lial cells (HMVECs) and monocytes stimulated with 
antibodies to HLA class II antigens expressed on the 
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monocytes lead to the release of leukotriene B
4
 (LTB

4
) 

and TNFa into the supernatant with concomitant apop-
tosis of HMVECs [66, 67]. These experiments also 
identified the importance of monocytes and the 
HMVECs together because if alone, minimal LTB

4
 

was produced, and if an interfering anti-Dr antibody 
was introduced, HMVEC apoptosis and mediator 
release was inhibited [66, 67]. Lastly, because HLA 
class II antigens may be expressed on endothelial cells 
(EC), the infusion of class II antibodies into a recipient 
with the cognate antigen present on the pulmonary EC 
may manifest TRALI due to antibody-mediated EC 
activation, fenestration, and mild leak [51].

Although attractive, this model of TRALI raises 
two major issues: (1) while the synthesis of cytokines 
by circulating monocytes has the potential to cause 
TRALI, there is a significant time delay (4–20 h) for 
the synthesis of these cytokines and chemokines, and 
at 4 h these cytokines were never released extracellu-
larly [51, 79]. By definition, TRALI occurs within 6 h 
of transfusion with most of the reactions occurring dur-
ing or 1–2 h following transfusion; thus, the synthesis 
of chemokines and cytokines over a 20-h time period 
may have little to do with TRALI [40, 51, 79, 96]. In 
contrast, the production of LTB

4
 and TNFa in the 

model of Nishimura et al. is temporally consistent with 
TRALI. However, this model requires further elucida-
tion because the number of circulating monocytes in 
contact with the pulmonary EC must be relatively high 
as monocytes contain the LTA

4
 hydrolase to synthesize 

LTB
4
 from LTA

4
. ECs alone can only synthesize the 

cysteinyl leukotrienes via activation of the LTA
4
 syn-

thetase and glutathione (LTC
4
, LTD

4
, and LTE

4
) [40, 

53, 70, 80, 83]. (2) Pathologic examination of lungs 
from a fatal TRALI reaction attributed to HLA class II 
antibodies documented that there were no HLA class 
II antigens on the pulmonary EC [39]. In addition, 
although prolonged (72 h) in vitro cytokine exposure 
has led to the surface expression of HLA class II mol-
ecules on neutrophils, HLA class II antigen expression 
on the neutrophil surface has only been demonstrated 
in patients treated with G-CSF or GM-CSF, and 
although such cytokine exposure may predispose these 
individuals to TRALI, this group of patients is largely 
neutropenic from chemotherapy and may not manifest 
neutrophil-mediated ALI [39, 58, 63, 74, 90, 92, 109]. 
These data are important because some interaction 
must occur between the pulmonary EC and the mono-
cytes to produce clinically relevant amounts of LTB

4
, 

and the expression of HLA class II molecules is one 
potential factor.

35.3.3  Laboratory Investigation  
of HLA Antibodies

The laboratory investigation of HLA class I and II anti-
bodies will not be discussed in detail as the techniques 
are widely disseminated, and there are excellent, recent 
reviews available [32, 110]. It is important to note that 
many of the assays employed are highly sensitive tech-
niques to detect the presence of any antibodies in donor 
or recipient sera that could be clinically relevant lead-
ing to graft rejection and/or graft versus host disease. 
Because HLA antibody screening is widely available, 
it is often the first step in many TRALI investigations 
when screening implicated donors; however, two 
reports revealed that a disproportionately small num-
ber of HLA class I antibodies actually induce TRALI 
[17, 95]. With this in mind, as well as the high sensitiv-
ity of current HLA techniques, one questions the clini-
cal relevance of all of the HLA antibodies detected in 
TRALI because most of the current flow-based assays 
are so sensitive that a relatively high percentage of non-
transfused males demonstrated antibodies [28, 97]. 
Similarly, current flow-based assays used to detect anti-
bodies to HLA class II antigens in donors are designed 
to detect very small amounts of antibodies using a 
PRA luminex bead assay (One Lambda, Canoga Park, 
CA). These tests may overestimate the role of antibod-
ies to HLA class II antigens in TRALI because: (1) no 
titers of antibody concentration are employed; (2) 
without sufficient modeling of HLA class II antibody-
mediated TRALI, it is not known what concentration 
is applicable; (3) the role of the antibody has been 
thought to be neutrophil-dependent although neutro-
phils do not “naturally” express HLA class II antigens 
[32, 46, 71].

Recently, the current Leukocyte Antibody 
Prevalence Study (LAPS) determined the prevalence 
of HLA class I and II antibodies in large cohorts of 
non-transfused males, transfused males, nulliparous 
females, and parous females [97]. Separate analyses 
were generated for both antibodies to HLA class I and 
class II antigens and stratified by donor group, and the 
data were log transformed such that positives were 
defined as three standard deviations above the mean. 
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Samples were considered antibody positive with 
 normalized background ratios of >10.8 for HLA class 
I antibodies and >6.9 for HLA class II antibodies. In 
the flow-based testing for HLA class II antibodies, 
which implicated them as etiologic for TRALI, per-
centage shifts as low as 8–10% in the mean fluores-
cence intensity were deemed positive, although these 
assays did not employ Luminex beads [39, 51, 72]. 
These very small flow shifts may be important for suc-
cessful solid organ transplantation, but their relevance 
is not defined in TRALI.

Effective HLA antibody screening methods for 
blood donors from various testing sites reveal chal-
lenges in differentiating background noise and defin-
ing suitable cutoffs such that if this new normal range 
of cutoffs is employed, some antibodies implicated in 
TRALI never reach a positive titer [28, 44, 78, 97]. 
Furthermore, the clinical effects of transfused HLA 
antibodies may be attenuated due to absorption by 
lymphocytes or platelets, and neutralization by soluble 
HLA class I molecules, which comprise the majority 
of HLA class I antigens in the blood [45]. One notable 
exception is HLA-A2, which has been implicated in 
many TRALI cases and thus should be included in any 
first line TRALI investigation screen [41, 71,77].

35.3.4  Nonantibody TRALI: The Role  
of Biologic Response Modifiers

Many of the cases of TRALI can be linked to a donor-
recipient antibody–antigen incompatibility. However, 
as the studies by van Stein and Zupanska show, there 
are some cases where no HLA or HNA antibodies are 
present in the blood component or the cognate anti-
gen is not expressed by the recipient [102, 110]. 
These cases of nonimmune TRALI may be explained 
by the accumulation of agents in stored blood that 
have the ability to prime neutrophils, which then acti-
vate the respiratory burst of neutrophils sequestered in 
the pulmonary circulation. Such agents include proin-
flammatory lipids, lysophosphatidylcholines and neu-
tral lipids, and CD40 ligand. Many of these agents 
have been shown to either damage human pulmonary 
microvascular endothelial cell monolayers or cause 
ALI in animal models, or both [46, 48].

Lipid accumulation during the routine storage of 
pRBCs is more prevalent in older products and is  

likely derived from the red blood cell membranes. 
Lysophosphatidylcholines and other neutral lipids 
accumulate during the storage interval such that their 
concentration is greatly increased during storage as 
compared to day 1 and have the ability to cause TRALI 
in animal models. These lipids augment the respiratory 
burst of fMLP-primed neutrophils and PMN cytotox-
icity in vitro and in vivo.

Due to their underlying disease process, patients 
with hematological malignancies may have activated 
vascular endothelium, putting them at risk for pulmo-
nary neutrophil sequestration. For patients who have 
undergone treatment for their disease, the therapy they 
have received, specifically total body irradiation (TBI) 
in preparation for HSCT, can activate the pulmonary 
endothelium [26]. This damage can serve as the first 
step of the neutrophil priming and activation cascade. 
With regards to traditional chemotherapies, their PMN 
priming activity has not been evaluated; however, a 
study of a novel priming agent designed to decrease 
bacterial infections during periods of neutropenia sug-
gests that PMN activity can be enhanced after chemo-
therapy administration [34].

There is a report of ARDS occurring in neutropenic 
patients after bone marrow transplantation. These 
patients, at autopsy, had no findings consistent with 
neutrophil sequestration, but had typical findings of 
ALI, suggesting that the lung injury occurs by neutro-
phil-independent mechanisms [42]. ALI in neutropenic 
patients may be secondary to TRALI if the diagnostic 
criteria are met and can indicate that neutrophil-inde-
pendent mechanisms may also play a role in the devel-
opment of TRALI.

While there are a number of case reports of TRALI 
occurring in both cancer and HSCT patients, there are 
only a handful of cases that describe TRALI in the set-
ting of neutropenia. Citak and colleagues report on an 
18 month old who developed TRALI during late 
engraftment following an autologous HSCT for stage 
IV neuroblastoma [15]. The patient did not appear to 
show engraftment until day +67, when she had an 
absolute neutrophil count (ANC) of about 700/mL. On 
this day, she received a unit of PRBCs and developed 
respiratory distress consistent with TRALI. The fol-
lowing day, her ANC was significantly elevated at 
4,000/mL, which puts her neutrophil count within the 
normal range, making this a case of TRALI that 
occurred concomitantly with engraftment. A more 
striking example was the case of a patient with 
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Burkitt’s lymphoma who developed TRALI while  
at the neutropenic nadir. There was no identified 
 antibody–antigen incompatibility; however, the impli-
cated unit of PC was found to have very high levels of 
vascular endothelial growth factor (VEGF), a known 
capillary permeability agonist.

35.4  Treatment-Related Risk Factors 
for ALI in Patients with Hematologic 
Malignancies

Throughout this book, other clinical scenarios that 
may result in ALI in patients with hematological 
malignancies are reported. Because TRALI is a diag-
nosis of exclusion, it is particularly important to be 
aware of possible factors that may mimic ALI in this 
patient group.

35.5  TRALI Mitigation

Current mitigation strategies in the UK and by the 
American Red Cross have used male-only plasma 
transfusion regimens and have decreased the number 
of fatal TRALI reactions due to antibody-mediated 
TRALI [12, 22]. A number of blood centers use males 
plus nulliparous females to arrive at antibody-negative 
plasma transfusion regimes, including our center. 
Similar male-only platelet transfusion strategies are 
being implemented, and in some areas the replacement 
of plasma in PCs with additive solutions are being con-
sidered to decrease that amount of plasma transfused. 
Other investigators are developing rapid high-through-
put assays to test for the presence of HLA antibodies in 
their donors. With regard to PRBCs, there are no miti-
gation strategies even in the planning stages, even 
though transfusion of PRBCs was responsible for 17% 
of the fatal TRALI cases [23]. Washing of cellular 
products eliminates all of the implicated HLA or HNA 
antibodies as well as the biologic response modifiers; 
however, it is time consuming, expensive, and may 
result in PCs that do not have the same hemostatic 
potential as unmodified PCs. Antibodies to HNAs 
present a particular problem, for they are not the result 
of maternal exposure to fetal leukocytes [97]. Their 
detection is cumbersome, and adequate testing for 

their presence is only performed in a few specialized 
laboratories worldwide.

35.6  Concluding Remarks

ALI and its more severe form, ARDS, are not common 
in children with hematological malignancies, but these 
patients do seem overrepresented among patients who 
develop TRALI. ALI, regardless of the etiology, pres-
ents a life-threatening complication that requires rapid 
intervention, including respiratory support and sup-
portive care, cessation of the offending chemotherapy 
agent or biotherapeutic agent, and prompt intervention 
of corticosteroids if indicated. The therapy for TRALI 
is purely supportive, and generally patients have a res-
olution of their symptoms within 72–96 h. Supportive 
care for patients with hematological malignancies 
undergoing chemotherapy should be judicious, and it 
is important to note that certain modalities, especially 
the transfusion of plasma to children with ALI/ARDS 
correlated with increased mortality [14]. Patients with 
hematological malignancies have increased risk fac-
tors predisposing them to the development of TRALI: 
exposure to cytotoxic medications, frequent transfu-
sion requirements, radiation therapy, but their frequent 
periods of neutropenia, which often coincide with their 
need for PRBC and platelet transfusions, may be pro-
tective against the development of TRALI, thought to 
be mediated by neutrophil priming and activation.
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36.1 Introduction

Recent advances in the treatment of solid and hemato-
logical malignancies have significantly improved over-
all survival in cancer patients [1]. However, the new 
treatment strategies are not only more effective, but 
also more aggressive and therefore associated with a 
higher rate of neutropenia. An absolute circulating 
neutrophil count of 1,000–1,500/mm3 defines mild 
neutropenia, 500–1,000/mm3 moderate neutropenia, 
and less than 500/mm3 severe neutropenia. Lung 
involvement is common in febrile neutropenic patients. 
Thus, among patients with severe neutropenia, 20% 
have lung infiltrates [2, 3]. Early radiologic lung infil-
trates occur in two-thirds of severely neutropenic 
patients developing a fever [4] and are associated with 
high mortality rates [5]. Histopathological studies have 
identified many different causes of these infiltrates. 
The most frequently described causes include bacteria 
[6, 7], opportunist pathogens not covered by beta- 
lactam antibiotics (filamentous fungi, Pneumocystis 
jiroveci, and viruses), alveolar hemorrhage, infiltration 
by the underlying malignancy, organizing pneumonia, 
and lesions caused by chemotherapy or radiation 
[8–19]. Neutropenic patients with lung infiltrates may 
develop genuine acute respiratory distress syndrome 
(ARDS). Interestingly, although the role for neutro-
phils has been extensively studied in non-neutropenic 
patients with acute lung injury and ARDS [20–22], the 
pathophysiology of ARDS in patients with neutrophil 
depletion remains unclear. Animal studies produced 
conflicting results, with neutrophil depletion protect-
ing against ARDS in some studies but not in others 
[23, 24]. Numerous studies [25–32] have documented 
the occurrence of authentic ARDS in patients with 
severe neutropenia.
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This chapter reviews the most likely pathophysio-
logical mechanisms involved in ARDS in neutropenic 
patients and highlights the points of ARDS manage-
ment that are specific of neutropenic patients 
(Figs. 36.1–36.4).

36.2 Epidemiology

In this chapter, acute respiratory failure (ARF) is 
defined clinically as tachypnea, recruitment of acces-
sory respiratory muscles or respiratory muscle 

Fig. 36.1 ARDS in a neutropenic patient at the exudative phase 
of ARDS. Diffuse alveolar damage, early phase (hematoxylin 
and eosine, ×100). Alveolar septa are thickened by edema and 
scant mononuclear inflammation. Pneumocyte hyperplasia (red 
arrows) and hyaline membranes (black arrows) are seen

Fig. 36.4 ARDS occurring in a neutropenic patient; the lung 
biopsy was made at the fibrotic phase of ARDS and 12 days after 
the neutropenia recovery. Diffuse alveolar damage, late organiz-
ing phase, showing thickening of alveolar septa by extensive 
fibrosis and scant mononuclear inflammation (H&E, ×100). 
Despite the absence of neutropenia at this time, there is no 
 obvious neutrophilic infiltration

Fig. 36.3 ARDS occurring in a neutropenic patient; this patient 
presented a neutropenia recovery associated with an engraft-
ment syndrome at the time of lung biopsy. Diffuse alveolar dam-
age, acute phase. Prominent inflammation containing numerous 
neutrophils is seen within the alveolar septa, alveolar lumen, and 
bronchiolar lumen (black star). Some of the alveolar lumens 
contain a fibrinous material indicative of acute injury (white 
stars). Congestive endoluminal fibrosis (top left corner, black 
arrows) and recent organizing thrombus (top right corner) could 
also be seen (H&E ×100)

Fig. 36.2 ARDS in a neutropenic patient at the proliferative 
phase of ARDS, the patient was still neutropenic at this time. 
Diffuse alveolar damage, organizing phase (H&E, ×100). 
Alveolar septa are still thickened by congestion, mononuclear 
infiltrate, and scant interstitial fibrosis. Fibrosis is more promi-
nent in the alveolar lumen (black stars). Note the alveolar 
 pneumocyte hyperplasia (black arrows)
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exhaustion, arterial oxygen saturation lower than 
90% on room air, pulmonary infiltrates, and a need 
for high-concentration facemask oxygen or for inva-
sive or noninvasive mechanical ventilation. ARDS 
and acute lung injury (ALI) are defined as the abrupt 
onset (over less than 7 days) of clinically significant 
hypoxemia (PaO

2
/FiO

2
 <300 for ALI or 200 for 

ARDS) with diffuse bilateral pulmonary infiltrates 
(on the anterior–posterior radiograph, infiltrates con-
sistent with pulmonary edema, which may be patchy 
and asymmetric; and possible presence of pleural 
effusions). The absence of left atrial hypertension 
(pulmonary-artery wedge pressure <18 mmHg if 
measured) is also required [33, 34]. ARF is a com-
mon reason for ICU admission in cancer patients. 
ARF occurs in 5% of patients with solid tumors, 50% 
of patients with hematological malignancies, and 
nearly 30% of patients with neutropenia [5, 35, 36]. 
In oncology and hematology patients requiring 
mechanical ventilation, mortality rates have ranged 
from 70% to 100% (in allogeneic BMT recipients) [5, 
36, 37]. Among cancer patients with ARF, 70% 
require invasive mechanical ventilation. Among 
them, 83% develop authentic ARDS, which is associ-
ated with a hospital mortality rate of about 70%. 
Neutropenia is present in about 35% of cancer patients 
with ARF and, in this situation, the lack of neutro-
phils is not considered of adverse prognostic signifi-
cance [5, 35, 36]. Few studies have addressed ARDS 
in neutropenic patients. Historical studies suggested 
a high mortality rate [25–32]. We showed recently 
[38] that hospital mortality in neutropenic ARDS 
patients was about 75% compared to 40% in the 
 general population of ARDS patients [34]. The 

characteristics of the patients in our study are 
described in Tables 36.1–36.3.

36.3 Pathophysiology

ALI and ARDS are characterized by acute diffuse 
damage to the lung parenchyma caused by a variety of 
local or systemic insults [39–41]. Increased alveolar 

Cause of ARDS (n = 70) Number (%)

Gram-negative bacillus 
infection

17 (24.3%)

Gram-positive coccus infection 9 (12.9%)

Fungal infection 14 (20.0%)

Viral infection 5 (7.1%)

Other infection 2 (2.9%)

Noninfectious cause 4 (5.7%)

Unknown 19 (27.1%)

ARDS with direct pulmonary 
injury

30/51 (59%) (among the 
51 patients with an 
identified cause)

Table 36.1 Causes of ARDS in 70 neutropenic cancer patients

Demographics

 Gender (male) 37 (53%)

 Age (years) 55 (46–65)

Characteristics of  
Malignancy (n = 70)

Number (%)

 Acute leukemia 39 (55.7%)

 Lymphoma 19 (27.1%)

 Myeloma 4 (5.7%)

 Solid tumors 4 (5.7%)

 Other cancers 4 (5.7%)

 Autologous HSCT 10 (14.3%)

 Allogeneic HSCT 5 (7.1%)

 Radiotherapy 7 (10%)

Status of Malignancy

 First-line chemotherapy 41(58.6%)

 Complete remission 5 (7%)

 Relapse 20 (28.6%)

 Secondary acute leukemia 4 (5.7%)

Table 36.2 Characteristics and status of the malignancy in 70 
neutropenic cancer patients with ARDS

Outcomes of patients (n = 70) Number (%) or median 
(25th–75th percentile)

Noninvasive mechanical 
ventilation

39 (55.7%)

Invasive mechanical ventilation 66 (94.3%)

Use of vasopressors 60 (85.7%)

Dialysis 29 (41.4%)

Hospital mortality 52 (74.3%)

Day-90 mortality 52 (74.3%)

Table 36.3 Outcome of neutropenic cancer patients with ARDS 
during the ICU stay
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capillary membrane permeability is the common end-
organ injury and a central feature in all forms of ALI/
ARDS. Investigations into the pathophysiology of lung 
injury make extensive use of three experimental ALI 
models in various species: the surfactant washout 
lavage model, the oleic acid intravenous injection 
model, and the endotoxin injection model [42]. These 
models, together with studies in human patients, have 
led to the identification of several mediators, cell types, 
and insults involved in the pathogenesis of ARDS. 
Circulating factors that are elevated in ARDS patients 
and ARDS models may contribute to lung injury. 
However, data on ARDS in neutropenic patients are 
still scarce.

36.3.1 Histological Features

In ARDS patients, histological studies show diffuse 
alveolar damage (DAD) that is not specific of the 
underlying cause. DAD progresses through three 
pathologic stages: the exudative phase, in which 
interstitial and alveolar edema and hemorrhage pre-
dominate; the proliferative phase, characterized by 
organization and repair; and the fibrotic phase, which 
represents end-stage disease [41]. In the mid-1980s, 
the first histological descriptions of ARDS in neutro-
penic patients were published [25, 26, 30–32]. The 
same three histological stages were found. The exu-
dative phase was characterized by interstitial and 
alveolar edema, hyaline membranes, and hemor-
rhage; the proliferative phase by proliferation of 
 alveolar-lining cells, alveolar macrophages, and 
fibroblasts; and the fibrotic phase by prominent inter-
stitial fibrosis. In contrast to findings from non-neu-
tropenic patients, neutrophil sequestration was not 
apparent at any of the disease stages in most of the 
neutropenic patients, nor was thromboembolism 
found.

36.3.2 Bronchoalveolar Lavage Fluid

In non-neutropenic patients with ARDS, bronchoal-
veolar lavage fluid (BALF) contains high concentra-
tions of inflammatory mediators [40]. Activated 

complement components and pro-inflammatory 
cytokines are thought to mediate the host response to 
lung injury [43, 44]. Levels of interleukin (IL)-6 and 
IL-8 are elevated in BALF from non-neutropenic 
patients who have ARDS [40] or who are at risk for 
ARDS; [45] both cytokines may predict a compli-
cated course of ARDS. Data regarding BALF and/or 
plasma cytokine concentrations in neutropenic can-
cer patients with ARDS are scarce. However, in neu-
tropenic patients with pneumonia, BALF contains 
markedly higher levels of inflammatory mediators 
compared to neutropenic patients with fever of 
unknown origin [46]. BALF from febrile neutropenic 
patients may exhibit substantially elevated levels of 
IL-6, tumor necrosis factor alpha (TNFa), granulo-
cyte/colony-stimulating factor (G-CSF), and acti-
vated complement components (C5a and C3a), even 
before the diagnosis of pneumonia [47]. These eleva-
tions may predict pneumonia and/or subsequent 
ARDS. In neutropenic patients with ARDS, the 
severity of lung injury measured based on BALF 
cytokine concentrations is a better predictor of the 
course of ARDS than plasma cytokine concentrations 
[48]. In fact, BALF concentrations of TNFa, IL-6, 
and IL-8 are significantly increased in patients who 
do not respond to ICU management, whereas plasma 
cytokine concentrations are not different compared 
to responders [48]. Neutropenic patients with pneu-
monia have low numbers of alveolar cells, particu-
larly neutrophils and alveolar macrophages (AMs) 
[49]. In addition to reduced alveolar cellularity, pro-
found neutropenia in patients with pneumonia may 
be associated with a distinctive alveolar cell profile 
characterized by predominance of AMs, low neutro-
phil counts, and lymphocyte counts similar to those 
seen in non-neutropenic patients. This cell profile has 
also been reported in neutropenic patients with ARDS 
[28], whereas BALF from non-neutropenic patients 
with ARDS contains large numbers of neutrophils 
[50]. Finally, the percentages of AMs, neutrophils, 
and lymphocytes in BALF from neutropenic ARDS 
patients are comparable to those of normal individu-
als [51], suggesting “alveolar anergy” in neutropenic 
patients. Thus, neither circulating nor lung neutro-
phils constitute the main source of lung inflammation 
and cytokine production. Other cells such as the 
endothelial cells, epithelial cells, or AMs may be 
alternative sources of cytokines in neutropenic 
patients [52, 53].
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ARDS in the general population ARDS in neutropenic patients

Markers of lung injury DAD, exudative phase (lung biopsy) [41] DAD, exudative phase (lung biopsy)  
[25, 26, 30–32]

Neutrophil influx (BALF or lung biopsy)  
[41, 50]

Absence of neutrophils (BALF or lung  
biopsy) [28, 30]

High cellularity in BALF [50] Low cellularity in BALF [28]

Pro-inflammatory cytokines in BALF [40, 45] Pro-inflammatory cytokines in BALF [48]

Pro-inflammatory cytokines in blood [40] Pro-inflammatory cytokines in blood [48]

Platelets (lung biopsy) [41] Absence of platelet and thromboembolic  
processes (lung biopsy) [30]

Coagulation factors [40]

Alveolar macrophage activation [125] Alveolar macrophage deactivation  
(BALF) [28]

Monocyte deactivation (blood) [29]

Markers of lung repair Normal or high cellularity in BALF [50] Low cellularity in BALF [28]

Predominance of alveolar macrophages  
(BALF) [50]

Predominance of alveolar macrophages  
(BALF) [28]

Activated alveolar macrophages [40, 69, 73] Alveolar macrophage deactivation [28]

Anti-inflammatory cytokines in BALF  
[40, 73, 80]

Monocyte deactivation [28]

Immunosuppression Anti-inflammatory cytokines in BALF [80] Neutropenia

Low cellularity in BALF [28]

Alveolar neutropenia [28]

Alveolar macrophage deactivation [28]

Monocyte deactivation [28]

Alveolar anergy?

Use of G-CSF?

Table 36.4 Comparison of inflammatory responses during ARDS in neutropenic patients and in the general population

36.3.3  Neutropenia and Sequestered 
Neutrophils

Although neutrophils are considered pivotal in the 
pathophysiology of ARDS and ALI [54], their absence 
in neutropenic patients does not preclude the develop-
ment of ARDS. The absence of neutrophils may indi-
rectly modulate the inflammatory response in neutropenic 
patients [55]. In histological studies, most of the pulmo-
nary specimens obtained during the early stages of neu-
tropenic ARDS show diffuse alveolar damage (typical 
for ARDS) without neutrophil infiltrates, suggesting an 
alternative mechanism to neutrophil toxicity in the 
pathogenesis of ARDS (Table 36.4). BALF from neutro-
penic patients with ARDS or pneumonia contains few 

cells, with a very small number of neutrophils and a 
 predominance of AMs. A study of experimental pneu-
monia [56] showed that the absence of neutrophils in  
the alveoli did not preclude neutrophil sequestration in 
the lung microvessels. Respiratory status deterioration 
 during neutropenia may involve complex interactions 
between resident macrophages and migrated neutrophils 
sequestered in the lung interstitium, with upregulation of 
pro-inflammatory cytokines such as TNFa and IL-1b 
[8, 57]. In a rat model of endotoxemia, neutropenic rats 
had markedly lower plasma TNFa concentrations and 
higher plasma MIP-2 concentrations compared to non-
neutropenic rats [55], and ALI was more severe in the 
neutropenic than in the non-neutropenic animals. Plasma 
MIP-2 elevation in endotoxemic neutropenic rats may 
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be secondary to the lack of a neutrophil response inhibit-
ing the production or release of MIP-2. The role for neu-
trophils in TNFa production during inflammatory 
processes is controversial [58–60]. During experimental 
ALI, TNFa serum concentrations and pulmonary TNFa 
mRNA were not significantly different between neutro-
penic and non-neutropenic mice [54]. In contrast, other 
studies found no TNFa production and decreased TNFa 
mRNA levels in the lungs of neutropenic mice with ALI 
[55]. Plasma inflammatory cytokines may be increased 
in febrile neutropenic patients with or without sepsis or 
septic shock [61–64]. The production of inflammatory 
cytokines in neutropenic patients with sepsis or septic 
shock may be similar to that in non-neutropenic patients. 
During neutropenia, chemotherapy can decrease the ex-
vivo production of pro-inflammatory cytokines in whole 
blood [65]. Interestingly, in neutropenic patients with 
hematological malignancies who did not receive chemo-
therapy, similar changes were found, suggesting a role 
for the neutropenia itself in cytokine production altera-
tions [65]. The exact role for neutrophils in the patho-
genesis of ARDS during neutropenia seems complex. It 
appears that ARDS can develop even when circulating 
and lung neutrophils are completely absent. However, 
conflicting experimental data suggest that neutropenia 
and/or sequestered neutrophils may modulate the lung 
inflammation in this situation. Although the number of 
neutrophils required to induce lung injury remains 
unknown, evidence suggests that neutrophil accumula-
tion is not required for the onset of ALI and that other 
inflammatory cells may be involved.

36.3.4  Alveolar Macrophages 
and Circulating Monocytes

Few studies have investigated the importance of neu-
trophil-independent mechanisms in ARDS. In non-
neutropenic patients, Steinberg et al. [50] compared 
the alveolar cell profile of BALF from patients with 
sepsis and ARDS and showed that high neutrophil 
counts were associated with greater severity of lung 
injury and poorer outcomes, whereas high AM counts 
were associated with better resolution and improved 
survival. There is convincing evidence that AMs play a 
key role in the resolution of inflammation, antibacte-
rial defense, and the repair process following injury 
[40, 66]. However, studies have also shown that AMs 
and AM-derived products may contribute to lung 
injury [67]. Activated AMs can release a wide variety 

of mediators, most of which can damage the lung 
 alveolar-capillary barrier [40, 68–70]. A study of ARDS 
patients [71] showed increased in vivo activation of the 
nuclear transcriptional regulatory factor nuclear factor 
kB in AMs, which may contribute to the increased 
expression of various cytokines. Consistent with a 
major role for macrophages in ARDS, primed AMs 
were used successfully to induce lung injury in a septic 
neutropenic guinea pig model of ARDS [24]. Thus, 
experimental studies suggest a critical role for AMs in 
the pathophysiology of ARDS in neutropenic patients. 
In contrast, in neutropenic patients with septic ARDS, 
we found not only evidence of local pulmonary immu-
nosuppression related to AM deactivation [28], but 
also marked depression of the monocytic/macrophagic 
response [29]. In these patients, BALF contained few 
cells with a predominance of AMs. The human leuko-
cyte antigen (HLA)-DR locus (HLA-DR) was down-
regulated in AMs, and the LPS-induced macrophagic/
monocytic cytokine responses were blunted, indicat-
ing severe hyporeactivity. This local macrophage 
hypoactivity was associated with severe “alveolar neu-
tropenia,” which contributed to local host immunosup-
pression. Indeed, systemic monocyte deactivation was 
also involved in the immunosuppression. Thus, these 
results do not support a direct role for monocytes/mac-
rophages in lung injury induction during neutropenia. 
Interestingly, the monocyte/macrophage deactivation 
observed in these neutropenic patients extended to the 
anti-inflammatory cytokines, although all these patients 
received G-CSF therapy, which is also known to play a 
role in the upregulation of anti-inflammatory media-
tors [28, 72]. Therefore, this deactivation may hinder 
lung repair during ARDS [40, 73].

36.3.5 Possible Role for Platelets

Platelets may be involved in numerous inflammatory 
processes, including atherogenesis, ischemia- 
reperfusion injury, sepsis, and probably, lung injury 
[74, 75]. Importantly, neutrophil–platelet interac-
tions promote mutual cell activation, and platelet–
endothelial interactions facilitate the secondary 
 capture not only of neutrophils, but also of other leu-
kocytes. Platelets alone might be sufficient to  mediate 
inflammatory lung disease, whereas platelet-derived 
mediators may contribute to the development of 
ARDS in neutropenic patients [76]. Platelet transfu-
sions are frequently associated with the occurrence 
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of ARDS [77]. Since neutropenic patients are more 
likely to receive platelet transfusions than the gen-
eral population, the role for platelet transfusion in 
ARDS development in neutropenic patients should 
be evaluated.

36.3.6  Other Mechanisms 
and Other Mediators

Neither neutrophils nor monocytes/macrophages seem 
directly involved in lung injury during ARDS in neu-
tropenic patients. Direct endothelial-cell injury by a 
host of soluble mediators may play a role [39–41]. Our 
experience suggests that indirect lung injury may be 
involved in about 40% of ARDS cases in neutropenic 
patients [38]. In this setting of indirect lung injury, a 
direct role for soluble mediators is plausible. 
Nevertheless, direct lung injury may be involved in the 
remaining 60% of cases and, in this situation, the cause 
of lung injury remains unknown. One interesting 
hypothesis involves the pulmonary endothelium. The 
pulmonary endothelium plays an active role in ALI 
development by mediating cell–cell adhesion, chang-
ing its barrier permeability, and releasing myriad solu-
ble mediators, such as cytokines, serotonin, bradykinin, 
norepinephrine, nitric oxide, prostaglandins, and 
endothelins [40, 78]. Radiotherapy and a variety of 
chemotherapeutic antineoplastic agents induce pulmo-
nary dysfunction and endothelial-cell lesions [79]. 
These treatments are commonly used in neutropenic 
patients and may constitute the first hit of a two-hit 
model, the second hit being pulmonary endothelium 
dysregulation [28–30].

36.4  Different Pathophysiological 
Pathways for Neutropenic and 
Non-neutropenic ARDS Patients: 
Clinical Implications

Contrary to non-neutropenic patients, neutropenic 
patients have a BALF profile characterized by low 
counts of alveolar cells, most notably neutrophils, 
predominance of AMs, and AM deactivation. In 
addition to neutropenia, deactivation of circulating 
monocytes may worsen the systemic immunosup-
pression. Systemic and lung inflammatory responses 

in neutropenic ARDS patients differ from those in 
non-neutropenic ARDS patients. In non-neutropenic 
ARDS patients, a predominant anti-inflammatory 
response combined with a limited pro-inflammatory 
response in the lungs is associated with better patient 
outcomes [80]. In neutropenic ARDS patients, in 
contrast, the deactivation of both AMs and circulat-
ing monocytes [28, 29] may contribute to the 
increased mortality. Despite these differences, neu-
tropenic patients with sepsis or ARDS are treated 
according to standard guidelines developed for non-
neutropenic patients [81]. These guidelines may be 
partly unsuitable for neutropenic patients. In addi-
tion, some of the recommendations for hematology 
patients need reappraisal [82, 83].

First, routine growth factor therapy may be deleteri-•	
ous in neutropenic patients who have lung injury. 
The effects of G-CSF may influence the course of 
ALI. In a rat model of ALI during neutropenia, 
G-CSF therapy was associated with increased alve-
olar cell recruitment and pulmonary edema [57]. 
The results suggested that neutropenia recovery 
might worsen ALI and that G-CSF might further 
exacerbate ALI. Moreover, in a clinical study, 
G-CSF-induced neutropenia recovery was associ-
ated with respiratory status deterioration [84]. 
Furthermore, G-CSF may promote the development 
of infectious pneumonia-related ARDS in neutro-
penic patients [85] and may participate in mac-
rophage deactivation during ARDS in neutropenic 
patients [28, 29]. These data suggest a need for 
evaluating the risk and benefits of G-CSF in neutro-
penic patients with lung injury. Other growth fac-
tors should also be evaluated [86].
Second, clinical and experimental data have shown •	
that ventilator-associated lung injury (VALI) 
involves ongoing lung inflammation resulting from 
lung overdistension and, perhaps, from excessively 
low lung volumes as well. In this situation, the 
decreased plasma levels of pro-inflammatory cytok-
ines found in clinical studies are ascribable in part 
to lung-protective ventilation and are associated 
with better clinical outcomes [87]. Since neutro-
penic patients with ALI/ARDS appear to develop 
an atypical inflammatory response (Table 36.4), 
studies are needed to identify patient subgroups that 
are at high risk for VALI and therefore more likely 
to derive benefits from lung-protective ventilation.
Third, corticosteroids have been investigated as a •	
potential treatment for ARDS because of their 
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 anti-inflammatory properties. However, whether 
corticosteroids decrease early mortality in patients 
with unresolving ARDS remains unclear [88]. 
Recent data suggest that corticosteroids may be 
effective on ALI/ARDS regardless of the occur-
rence of  sepsis [89]. Furthermore, immunocom-
promised patients may develop acute noninfectious 
parenchymal lung damage that often meets ALI/
ARDS criteria [90] and that usually responds to 
corticosteroids. Further studies are needed to evalu-
ate the use of corticosteroids in immunocompro-
mised patients (including neutropenic patients) 
with ALI/ARDS.

36.5 Therapeutic Management

The treatment of ARDS in neutropenic patients is not 
standardized. Importantly, neutropenia is not consid-
ered a prognostic factor in cancer patients with ARF. 
Data from neutropenic and non-neutropenic cancer 
patients show clearly that a prompt diagnosis, early 
appropriate antimicrobial therapy, adequate use of 
conventional and/or noninvasive mechanical ventila-
tion, and early ICU admission are crucial to improving 
patient outcomes [4, 5, 36, 91]. In neutropenic patients 
with ARF/ARDS, sepsis should be considered the 
most likely cause, and the Surviving Sepsis Campaign 
guidelines [81] should be followed if possible. As 
mentioned above, neutropenia, autologous bone mar-
row transplantation, and the characteristics of the 
underlying malignancy [5] now seem to have little 
influence on ICU outcomes. The treatment initiated on 
the ward must not delay ICU admission [81]. Although 
criteria for ICU admission are not well established for 
these patients, delayed admission is associated with 
higher mortality rates [92].

Noninvasive mechanical ventilation (NIV) may 
improve survival in cancer patients requiring respi-
ratory support [93]. However, prolonged NIV (>3 
days) may lead to higher mortality rates [5], per-
haps by delaying conventional mechanical ventila-
tion (MV) and therefore optimal diagnostic 
procedures or treatment strategies [94–96]. Thus, in 
one clinical study, a longer time to conventional 
MV was associated with the highest mortality rate 
[5]. NIV may be appropriate for no more than 3 
days, with a switch to conventional MV within the 

first 3 days of NIV initiation when the response is 
inadequate.

A tidal volume of 6 mL/kg (predicted) body weight 
and a plateau pressure <30 cm H

2
O in a passively 

inflated patient are recommended [5, 34]. Identifying 
the cause of ARF is crucial; and early conventional 
MV, NIV, and antimicrobial therapy should be consid-
ered. Both invasive and noninvasive diagnostic strate-
gies can be used to identify the cause of ARF in cancer 
patients [35]. The invasive strategy relies on fiberoptic 
bronchoscopy with bronchoalveolar lavage (FO-BAL) 
and the noninvasive strategy on imaging studies [97, 
98] and on biological and microbiological tests on 
blood [99–102], urine [103, 104], sputa [105], and 
nasopharyngeal aspirates (Table 36.5) [16, 106]. 
Interestingly, the noninvasive strategy may be as effec-
tive as the FO-BAL strategy [36] and does not carry 
the risk of respiratory status deterioration associated 
with FO-BAL. In cancer patients with ARF, failure to 
identify the cause of ARF is associated with higher 
mortality. Therefore, the diagnostic strategy should be 
chosen and implemented early after ICU admission, 
before the onset of ARDS. However, the use of inva-
sive techniques to identify the cause of lung infiltrates 
in febrile neutropenic patients has not clearly improved 
the outcomes [4, 17, 107, 108] despite enabling patho-
gen-directed antimicrobial treatment in up to 50% of 
patients [109].

36.5.1 Empirical Antimicrobial Therapy

Since febrile neutropenia in cancer patients is associ-
ated with high mortality, empirical antimicrobial ther-
apy should be considered as soon as a fever develops. 
When the lungs are involved, the most common initial 
clinical picture on the ward is neutropenia, fever, pul-
monary infiltrates, and ARF. At ICU admission, most 
patients are already on broad-spectrum antimicrobial 
agents for prophylactic, preemptive, or empirical treat-
ment. Bacterial infections account for most cases of 
lung involvement in neutropenic patients [110–112]. 
The risk of bacterial infection is related both to neutro-
penia severity and to neutropenia duration [113]. In 
this situation, empirical antibiotic treatment must be 
prompt (<2 h after respiratory symptoms) and effective 
against the most common pathogens [81, 114, 115]. 
Gram-positive infections are common in neutropenic 
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patients, whereas gram-negative infections are associ-
ated with a higher mortality [116, 117]. Until now, 
empirical treatment with an anti-pseudomonal b-lac-
tam in combination with an aminoglycoside in case of 
severe sepsis was the most widely used regimen [116]. 
Recent studies and recommendations for empirical 
treatment indicate that an antipseudomonal b-lactam 
alone is less toxic for the kidney and as effective as the 
combination with a b-lactam-aminoglycoside [118]. 
Therefore, initial combination therapy should be 
reserved for patients with severe sepsis, septic shock, 
or a high suspicion of resistant gram-negative microor-
ganisms [118]. According to a recent report [119], 
71% of experts used initial empirical monotherapy to 
manage febrile neutropenia; their antimicrobials of 
first choice were pipericillin/tazobactam (21%), mero-
penem (16%), imipenem (14.5%), cefepime (13.2%), 
and ceftazidime (7%). One-third of the experts added 
an aminoglycoside (preferably amikacin) for severe 
sepsis, suspected Pseudomonas infection, resistant 
gram-negative infections, secondary infections, or 
pneumonia. Even in patients with ARDS, glycopeptide 
antibiotics should be used in the event of severe sepsis, 

septic shock, a high suspicion of skin or soft-tissue 
infection (including catheter-tunnel infection), and a 
local bacterial ecology characterized by resistant 
 gram-positive bacteria [120]. Combining an anti-
pseudomonal b-lactam with a quinolone or macrolide 
may deserve discussion in patients with community-
acquired pneumonia or a documented pathogen 
[115, 121]. The initial antibiotic regimen should be 
routinely reappraised to control the local bacterial 
ecology and to minimize the emergence of multiresis-
tant bacteria [111, 116]. Antifungal agents should be 
introduced empirically in patients who remain neutro-
penic and febrile after 5 days or more despite the 
administration of broad-spectrum antibiotics as rec-
ommended [115, 119, 121]. Fungal infections should 
be more specifically considered in patients with severe 
or prolonged neutropenia, immunosuppressive therapy 
to control graft-versus-host disease, and, perhaps tar-
geted therapies, such as rituximab [122]. To ensure 
early and effective action against filamentous fungi 
(predominantly Aspergillus spp.), the initial antifungal 
treatment should consist of voriconazole or liposomal 
amphotericin B [4]. Liposomal amphotericin B is 

BAL or Sputum Blood Urine Other

Treat 
immediately

Pneumocystis jiroveci, gram-negative 
aerobic pathogens,

Pneumococci, Alpha-
hemolytic streptococci

Positive 
Legionella or 
pneumococcal 
antigen in urine

Any pathogens 
detected in 
biopsy material

Staphylococcus aureus

Pneumococci, Mycobacterium 
tuberculosis

Gram-negative aerobic 
pathogens (blood culture)

Aspergillus spp. Fungal pathogens (blood 
culture)

Zygomycetes

Positive rapid culture for CMV, 
detection of CMV “immediate early 
antigen” (in specific situations)

Positive Aspergillus 
galactomannan (blood 
samples)

Other pathogens such as 
toxoplasmosis, adenovirus or 
emerging viruses (allogeneic BMT 
recipients),

Discuss before 
treating

Isolation of Enterococci from blood culture, smears, sputum, or BAL

Positive cytomegalovirus (CMV) PCR is not considered sufficient for the diagnosis of CMV pneumonia

Coagulase-negative staphylococci or Corynebacterium spp. obtained from any sample

Isolation of Candida spp. from swabs, saliva, sputum or tracheal aspirates

Findings from surveillance feces and urine cultures

Pneumocystis PCR in sputa or BAL in patients without risk for Pneumocystis jirovecii pneumonia

Table 36.5 Interpretation of positive microbiological tests in neutropenic patients with lung infiltrates
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preferred in patients recently treated with voriconazole 
or posaconazole [4]. After broad-spectrum azole pro-
phylaxis, fungal infections with azole-resistant patho-
gens may develop. The place for echinocandins in this 
situation remains to be defined.

Empirical treatment with antiviral drugs in the 
absence of target pathogen isolation from clinically 
significant samples is not recommended [4, 121].

36.5.2 Directed Antimicrobial Therapy

Positive microbiological tests must be interpreted 
with discernment, and their clinical and/or etiological 
significance must be assessed. The identification of 
significant pathogens, particularly multiresistant bac-
teria, should lead to an immediate change in the initial 
antimicrobial treatment, as inadequate initial antimi-
crobial treatment is associated with a high risk of 
death [91].

In patients with neutropenia and pulmonary  infiltra - 
tes, many pathogens may be etiologically significant.

Other findings such as community respiratory 
viruses, Staphylococcus aureus, Legionella spp. or 
atypical mycobacteria from respiratory secretions, or a 
positive CMV PCR (DNA) on BALF must be inter-
preted regarding their etiologic significance before 
starting specific antimicrobial treatment [4].

36.6 Prognosis and Prognostic Factors

To our knowledge, no data are available on the out-
comes of patients who experience ARDS while neu-
tropenic. Data from studies on outcomes of cancer 
patients admitted to the ICU are helpful, however. The 
survival rate in cancer patients with ARF has improved 
over time, to about 55%. When ventilatory assistance 
is required, the hospital mortality rate is about 75% 
[5, 36], except in allogeneic bone marrow or stem  
cell transplant recipients, who have even higher mor-
tality rates [37]. The classic predictors of mortality 
have lost much of their significance [123]. In cancer 
patients with ARF [36], two malignancy-related fac-
tors independently predict hospital mortality, namely, 
malignancy remission and allogeneic bone marrow  
or stem cell transplantation. Interestingly, ICU 

admission during neutropenia recovery is protective, 
and neutropenia itself does not appear to increase the 
risk of death in this setting. The use of vasopressors or 
conventional MV is independently associated with 
death. Failure to identify the cause of ARF is an  
independent prognostic factor.

In a recent study of 70 neutropenic patients with 
ARDS, we found a hospital mortality rate of 75% [38]. 
At ICU admission, factors independently associated 
with hospital survival were first-line chemotherapy, 
lobar ARDS, neutropenia recovery, and initial broad-
spectrum antibiotic treatment active on difficult-to-treat 
bacteria. During the ICU stay, all patients without neu-
tropenia recovery in the ICU died, and 50% of patients 
with neutropenia recovery survived. Platelet transfu-
sions were independently associated with the absence 
of neutropenia recovery. These data suggest several 
comments. First, ARDS in neutropenic patients should 
be considered an infectious emergency requiring imme-
diate broad-spectrum antibiotic treatment appropriate 
for the local antibiotic resistance profiles. Second, 
transfusion strategies need to be evaluated in neutro-
penic patients. Third, achieving neutropenia recovery 
is a crucial objective. At the moment, ICU admission 
with full-code management followed by reappraisal on 
day 3–6 is recommended for cancer patients requiring 
mechanical ventilation [124]. Whether full-code man-
agement in neutropenic patients with ARDS should be 
continued until neutropenia recovery (even if achieved 
after more than 6 days) remains unclear, but may be 
particularly appropriate in patients receiving first-line 
chemotherapy. Neutropenia can be viewed as a tran-
sient and expected immune dysfunction. The first event 
is chemotherapy, which is usually associated with neu-
tropenia severity, and the last event is neutropenia 
recovery. In real life, neutropenia duration, severity, 
and recovery depend on other factors including sepsis, 
lung injury, chemotherapy response, nature of the 
malignancy, and stage of the malignancy. Few pub-
lished data on this issue are available. Neutropenic can-
cer patients constitute a highly heterogeneous 
population, and the differences across neutropenic sub-
groups should be considered. Thus, therapeutic deci-
sions must take all the malignancy-related factors into 
consideration. For instance, the significance of neutro-
penia during first-line chemotherapy is very different 
from that during a relapse of the malignancy [110]. 
Further studies are needed to identify the factors pre-
dicting neutropenia recovery in cancer patients.
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36.7 Conclusion

ARDS during neutropenia is a life-threatening condi-
tion. When ARDS occurs in a neutropenic patient with 
or without a fever, severe sepsis should be considered 
the cause unless documented otherwise. The physio-
pathology of lung injury during neutropenia remains 
to be elucidated. However, in neutropenic patients the 
local and systemic inflammatory responses are associ-
ated with profound immunosuppression. Therefore, 
the risks and benefits of immunomodulating treat-
ments (corticosteroids, G-CSF, GM-CSF, blood trans-
fusion, and platelet transfusion) should be carefully 
evaluated. Neutropenia recovery and prompt appropri-
ate initial antimicrobial therapy are key determinants 
of survival. Further studies are needed to evaluate the 
prognostic factors and therapeutic management of 
these patients.
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37.1  Epidemiology

In 1984, Troussard reported on the first case of PVOD 
following HSCT [28] some 50 years after the disease 
was originally described [13].

In those 50 years, fewer than 70 cases of PVOD had 
been reported. Since that time, the number of reported 
cases has risen substantially, perhaps owing to greater 
recognition of the disease [1,11,18,21]. PVOD has 
been reported in association with a number of systemic 
inflammatory conditions, including infections, auto-
immune disease, malignancy, toxic exposures and 
antineoplastic chemotherapy, and transplantation [19]. 
PVOD affects all ages, with cases reported in early 
infancy to 68 years, although the majority of cases 
affect those less than 50 years of age [11,19]. Nearly 
twice as many males are affected among those older 
than 18 years of age, a characteristic unique from PAH, 
which tends to favor females over males [11,18,21,29]. 
Children exhibit a more even male-to-female ratio. 
Familial forms linked to the pathway associated with 
bone-morphogenic protein receptor 2 (BMPR2), a 
member of the transforming growth factor-b family, 
have also been identified [4,21,30]. Of interest, the 
BMPR2 pathway has been linked in 60% of familial 
forms and 10–25% of sporadic cases of PAH [2]. An 
association of BMPR2 mutations in familial or spo-
radic cases of PVOD has not been well established.

This chapter’s table summarizes reported cases of 
PVOD occurring in the post-HSCT population. Among 
HSCT recipients, most cases of PVOD have been 
described among those receiving myeloablative 
 preparative regimens, although more recent reports 
also identify PVOD after reduced intensity, non- 
myeloablative regimens [1,8]. As seen in Table 37.1, 
among HSCT recipients PVOD tended to occur in 
those under age 25 years and predominantly among 
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Fig. 37.1 Movat pentachrome stain shows collagen deposition 
in intima of a small venule, with the elastic layer (black) periph-
erally displaced. Recanalization within the collagen deposition 
is noted (40× objective) (Image courtesy of J. Gutman)

those with hematologic malignancy as the indication 
for transplantation. Allogeneic transplant is represented 
more commonly than autologous transplant, which 
offers consideration for a possible immunologic role 
into development of this disease. Onset of PVOD typi-
cally occurred several weeks to months following 
HSCT, although it has been reported within days of 
transplant. The pathogenesis of PVOD is likely multi-
factorial, with transplantation providing a rich substrate 
of inflammation, endothelial injury, and opportunistic 
infections contributing to disease development.

37.2  Pathophysiology

Within recent years, larger case series of PVOD have 
provided improved recognition of this condition, 
enabling providers with enhanced characterization and 
understanding of the pathogenesis of this rare form of 
PAH [11,18,21]. Despite these important advances, 
many details of the development, progression, and 
resolution of PVOD are yet to be determined. On his-
tological section, the hallmark of PVOD is patchy, dif-
fuse intimal fibrosis among venules and small veins of 
the pulmonary bed [18,21]. Inter- and intralobular 
venular fibrosis commonly leads to intraluminal septae 
and vascular recanalization, eccentric intimal fibrosis, 
venular hypertrophy, and vascular obstruction (see 
Fig. 37.1) [18]. Capillary congestion proximal to these 

obstructions ensues, resulting in medial hypertrophy 
and intimal fibrosis of the pulmonary arterial circula-
tion. Complex, plexiform lesions characteristic of PAH 
are not typically seen in PVOD. Severe PAH can sub-
sequently develop nonetheless. Parenchymal evidence 
of PVOD may include interstitial edema and fibrosis, 
hemosiderosis, and diffuse alveolar damage. 
Lymphocytic infiltrates, lymphocytic venulitis, or leu-
kocytoclastic vasculitis may be associated with this 
interstitial fibrosis as well [18,19]. Development of 
PVOD in the peri-transplant period has interesting 
similarities to other HSCT-associated complications 
that make this disease of interest to the transplant pro-
vider. Perhaps the most interesting feature of PVOD 
includes the histological and pathogenic similarities 
this disease has with other much more common com-
plications of HSCT. Endothelial injury is a well-recog-
nized feature of the complications affecting the HSCT 
recipient [3,34]. Many transplant-associated variables 
contribute to systemic inflammation and endothelial 
damage, including pretransplant malignancy, cytotoxic 
preparatory conditioning regimens, therapeutic radia-
tion, opportunistic infections, and graft-versus-host 
disease. These pro-inflammatory factors contribute to 
a model of vascular injury that has been implicated in 
the pathogenesis of many common and clinically 
important HSCT complications including microangio-
pathic hemolytic anemia, hepatic venoocclusive dis-
ease (HVOD), acute lung injury, and multiple organ 
dysfunction syndrome, among others. Although these 
complications of HSCT certainly represent unique 
syndromes, transplant-associated endothelial injury 
provides a common pathophysiologic link of thrombo-
sis, compromised vascular flow, and organ failure. 
Despite limited insight into the pathogenesis of PVOD 
due to its rare nature, endothelial injury may serve a 
critical role in the development of this disease. Among 
the HSCT-associated complications, HVOD represents 
a particularly important example of HSCT-related 
endothelial injury. Relative to PVOD, HVOD is a 
much more common and well-described complication 
of HSCT with an estimated incidence affecting 
10–15% of transplant recipients [16,20]. While not 
specific to transplantation, HVOD has been linked to a 
number of transplant-associated variables including 
cytotoxic preparative regimens, radiation therapy, and 
allogeneic transplantation. HVOD is characterized by 
early loss of sinusoidal endothelial integrity, followed 
by hepatic sinusoidal and venular thrombosis, fibrosis, 
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and eventual vascular obstruction [16]. A resultant 
triad of fluid retention, hyperbilirubinemia, and pain-
ful hepatomegaly produces a variable clinical syn-
drome ranging from mild disease to multiorgan failure 
and death. HVOD demonstrates distinct pathophysio-
logic and clinical similarities of early endothelial 
injury, thrombosis, and vascular remodeling that lead 
to venular obstruction and organ failure, which may 
serve as a useful conceptual model for the pathogene-
sis of PVOD. PVOD shares many common features 
with other forms of PAH, although important clinical 
and therapeutic differences exist that offer insight into 
the development of this disease. PVOD has been 
reported in a number of other inflammatory conditions, 
such as systemic sclerosis and myelodysplastic syn-
drome, among others. PAH is a common complication 
of systemic sclerosis; however, a higher rate of PAH 
non-responders is observed in this population. A weak, 
refractory, or paradoxical response to conventional 
vasodilator therapy among patients with systemic scle-
rosis presumed to have PAH may suggest an alterna-
tive diagnosis of PVOD [6,21]. A similar finding of 
unexplained pulmonary hypertension in chronic 
myeloproliferative disorders has also been described 
[5]. These findings not only suggest a unique associa-
tion of PVOD with particular inflammatory conditions, 
but also illustrate that PVOD may be underdiagnosed 
and thereby represent a commonly misdiagnosed cause 
of PAH [9]. It is unclear if PVOD is represented in 
similar disproportion in the post-HSCT population. 
Nonetheless, accurate diagnosis of PVOD and the abil-
ity to distinguish it from other post-transplant pulmo-
nary complications, including PAH, is critically 
important.

37.3  Clinical Manifestations 
and Diagnosis

Pulmonary complications following HSCT are com-
mon, clinically heterogeneous, and broadly represent 
a variety of pulmonary diseases [15,24,26,27]. In 
fact, retrospective reviews in the HSCT population 
suggest that the majority of pulmonary complica-
tions are not diagnosed antemortem, yet they remain 
the most common source of death among transplant 
recipients [24,26]. The diagnosis of PVOD is further 
challenged by a variable time course, heterogeneous 

clinical features, and need for invasive testing to 
confirm diagnosis. Nevertheless, recognition of 
PVOD as a complication of HSCT is critical, partic-
ularly as the disease must be distinguished from 
other forms of PAH given significant implications in 
treatment. Antemortem diagnosis of PVOD often 
proves difficult because of vague presenting symp-
toms, nonspecific radiographic findings, and atypical 
cardiopulmonary hemodynamics. A delay in diagno-
sis is common, with the mean duration of symptoms 
prior to diagnosis ranging from 12 to 49 months 
[18,21]. Milder and non-fatal forms with spontane-
ous resolution of pulmonary venular obstruction may 
be an under-recognized course of disease, contribut-
ing to an underestimation of the actual incidence of 
PVOD.

Although non-specific and similar to other forms of 
PAH, progressive dyspnea is the most consistent early 
complaint among those with subsequently diagnosed 
PVOD [18,19]. Consistent with this finding, dyspnea 
represented a consistent presenting symptom among 
HSCT recipients (see Table 37.1). Other symptoms of 
PVOD may include fatigue, chest pain, cough, club-
bing, hemoptysis, orthopnea, paroxysmal nocturnal 
dyspnea, and syncope. As right ventricular function 
deteriorates, features of right heart failure, including 
lower extremity edema and hepatic congestion, may 
become more prominent. Physical examination find-
ings of PVOD are typically nonspecific and consistent 
with that of PAH. Pulmonary crackles, elevated jugu-
lar venous pulse, cyanosis, congestive hepatomegaly, 
and lower extremity edema have been reported. Digital 
clubbing may be of value in considering the diagnosis 
of PVOD; commonly seen in interstitial lung disease, 
clubbing is not frequently reported among cases of 
PAH, including PVOD. Pleural effusions are frequently 
reported among cases of PVOD, yet are unusually seen 
in other forms of PAH.

Electrocardiography may reveal a rightward axis 
and reflect compensatory right ventricular enlarge-
ment from elevated pulmonary arterial pressures. 
Echocardiography may be of use in excluding other 
causes of right ventricular failure, including left 
 ventricular failure and severe mitral valvular dis-
ease. Pulmonary function testing confirming a lower 
baseline partial pressure of oxygen at rest further 
reduced ambulatory arterial oxygen saturation, and 
reduced diffusion capacity of carbon monoxide 
may be more suggestive of PVOD than PAH [21]. 



496 M.C. Bunte and L.J. Burns

Chest radiographic findings of PVOD include perihi-
lar pulmonary vascular congestion and prominent 
septal lines; together, these findings are suggestive of 
post-arterial pulmonary capillary congestion and 
interstitial transudation of fluid [7]. Pleural effusions 
are commonly reported. Bilateral patchy parenchymal 
infiltrates appear similar to those of acute respiratory 
distress syndrome. Chest computed tomography (CT) 
of PVOD may demonstrate smooth interlobular septal 
thickening, poorly defined ground-glass opacification, 
and dilated central pulmonary arteries (see Fig. 37.2). 
Results of ventilation/perfusion (V/Q) scanning in 
PVOD may be variable from normal to diffuse irregu-
larities or segmental V/Q mismatches. Pulmonary 
angiography may reveal enlarged pulmonary arteries 
and prolonged circulation time through the lungs, 
although flow through the pulmonary veins and left 
atrium is typically normal. Cardiac catheterization is 
a useful tool to confirm elevated pulmonary arterial, 
right ventricular, and right atrial pressures. A normal 
or paradoxically low pulmonary arterial wedge pres-
sure (PAWP) is a classically described feature of 
PVOD. Despite the pulmonary venular occlusions 
associated with PVOD, the larger pulmonary veins 
are primarily responsible for determining resistance 
to blood flow beyond the wedged pulmonary artery 
catheter; these structures are hemodynamically  normal 
in PVOD [32]. While an elevated PAWP does not 
exclude the diagnosis of PVOD, this finding may  

be more suggestive of another cause of elevated 
 intrapulmonary pressures, including pulmonary vein 
stenosis, severe mitral stenosis, or left ventricular fail-
ure. Vasodilator challenge at the time of right heart 
catheterization, as is more routinely performed in 
PAH for predicting response to calcium channel 
blockers, may acutely worsen pulmonary congestion 
in PVOD. In addition, even if vasodilator challenge 
proves acutely helpful in PVOD, this test may not be 
useful in predicting long-term benefit from vasodila-
tor therapy [21]. The triad of severe PAH, radiographic 
evidence of pulmonary edema, and normal PAWP is 
classically described clinical diagnostic criteria for 
PVOD [12,20]. Surgical lung biopsy remains the gold 
standard for diagnosis of PVOD. However, in many 
cases of PVOD, severely elevated pulmonary arterial 
pressures may make lung biopsy unfeasible. Therefore, 
clinical and radiographic findings may be reliable 
identifiers of PVOD and prove invaluable when surgi-
cal lung biopsy is not possible or not warranted due to 
clinical improvement.

37.4  Treatment

The rare nature of PVOD has offered little opportunity 
to evaluate preventative or treatment measures for this 
disease. Most accepted treatment options for PVOD 
have been extrapolated from the management of PAH 
and other complications associated with HSCT-
induced microvascular injury. Overall, current treat-
ment options for PVOD are quite limited. Vasodilators, 
such as nitrates, phosphodiesterase inhibitors, calcium 
channel blockers, prostacyclins, and endothelin antag-
onists, represent an important treatment class in the 
conventional management of PAH. Use of vasodilator 
therapy in PVOD has been reported with relatively 
mixed results and limited success. In fact, several 
reports demonstrate the dangerous potential of vasodi-
lator treatment for PVOD, precipitating acute pulmo-
nary edema, hypoxia, and even death. A limited or 
refractory response or paradoxical worsening of clini-
cal status with vasodilator therapy in a presumed case 
of PAH may suggest PVOD [9]. Nevertheless, long-
term improvement in respiratory symptoms associated 
with PVOD has been reported with the use of calcium-
channel blockers and prostacyclins [17,23,25]. Despite 
these reports, no official recommendations have been 

Fig. 37.2 Chest CT demonstrating septal thickening, small 
bilateral pleural effusions, scattered multifocal ground-glass 
opacities, and patchy left lower lobe airspace opacities (Image 
courtesy of J. Gutman)
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made regarding the use of vasodilatory agents in the 
management of PVOD. Given the pathogenic hall-
mark of thrombotic occlusion of pulmonary venules, 
use of antithrombotic therapy in the management of 
PVOD has been reported. Use of antithrombotics/
fibrinolytics has been extrapolated, in part, from trials 
of long-term anticoagulation in PAH, which has sug-
gested a modest mortality benefit [14]. Use of anti-
thrombotic therapy has been studied in HVOD, a more 
common post-transplant complication associated with 
endothelial dysfunction and thrombosis. When applied 
to HVOD, these therapies have been largely ineffec-
tive and associated with an excess of bleeding compli-
cations [16,31]. Defibrotide, a porcine-derived 
oligonucleotide with anti-thrombotic and endothelial 
reparative properties, has emerged as a novel treat-
ment for HVOD [10]. Use of defibrotide for PVOD 
has been reported with favorable results [33], but 
requires further investigation. At present, it is unclear 
if defibrotide will have a role in the management of 
PVOD, although the pathophysiologic similarities 
between these conditions may suggest benefit in the 
pulmonary variant. Lung transplantation has tradition-
ally been the only durable treatment option for severe, 
refractory PVOD. Epoprostenol may serve as a benefi-
cial vasodilator “bridge” to lung transplantation [22]. 
However, with reports of recurrence of PVOD after 
lung transplantation, further study is needed to con-
firm the durability of this treatment option [13].

37.5  Complications and Prognosis

Classically, PVOD is associated with a dismal prog-
nosis and high rate of death within 2 years of  diagnosis 
[19]. More recently, cases of PVOD demonstrating 
partial recovery, improvement on vasodilator or anti-
thrombotic therapy, or spontaneous resolution have 
been described. The typical clinical course for PVOD 
remains poorly defined. The clinical spectrum is 
likely variable, and the frequency of unrecognized or 
incorrectly diagnosed cases, including those that may 
resolve spontaneously, is unknown. Therefore, while 
prognosis of PVOD is traditionally poor, improved 
recognition and further study may demonstrate a 
broader spectrum of clinical disease. Further study in 
the pathogenesis of PVOD may subsequently result 
in more durable treatment options.

37.6  Conclusion

Although a rare condition, PVOD is likely under- 
recognized and misdiagnosed in many cases given its 
similar presentation to PAH and a number of other 
post-transplant pulmonary complications. The patho-
genesis of PVOD is likely multifactorial, with a key 
role of endothelial dysfunction in the pathogenesis of 
this disease, as with other post-HSCT complications. 
Diagnosis of PVOD is challenged by vague presenting 
symptoms, non-specific clinical signs, and need for 
invasive testing to confirm the diagnosis. Accurate 
 recognition of PVOD is warranted given the poten-
tially devastating complications that may result from 
conventional PAH vasodilator therapy.
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Abbreviations

ACE Angiotensin-converting enzyme
BMT Bone marrow transplantation
COP Criptogenic organizing pneumonia
COPD Chronic obstructive lung disease
DLCO Diffusing capacity of the lung for carbon 

monoxide
EGFR Epidermal growth factor receptor
FEV1 Forced volume in the first second
Gy Grays
HD Hodgkin’s disease
IL-6 Interleukin 6
PET Positron emission tomography
PFT Pulmonary function tests
RP Radiation pneumonitis
TBI Total body irradiation
TGF-b1 Transforming growth factor beta 1
TLC Total lung volume
TNF-a Tumor necrosis factor-alpha

38.1  Introduction

Radiotherapy has become the cornerstone of neoplasm 
treatment in recent decades. In neoplasms such as lung 
cancer, breast cancer, and lymphomas, radiotherapy is a 
powerful weapon and is used in most international pro-
tocols. Radiation pneumonitis (RP) is a diffuse intersti-
tial disease that is the result of the normal lung response 
to radiotherapy and encompasses a wide range of clini-
cal and radiological manifestations, from asymptomatic 
state to respiratory failure and death. Despite new 
advances in delivering radiation, such as conformal 
radiotherapy, intensity-modulated radiotherapy, and 
robotic stereotactic radiotherapy, acute and chronic 
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toxicity still represents a major challenge, as does the 
risk of a second neoplasm.

Injury to the lung is common after therapeutic irra-
diation of intrathoracic and chest wall malignancies. In 
hematological diseases, the main indications for radio-
therapy are lymphomas and conditioning myeloabla-
tive regimens to allow stem cell transplantation.

Radiologic manifestations of radiation-induced 
lung disease are well described in the literature. They 
include ground-glass opacities or consolidation in the 
acute phase, and traction bronchiectasis, volume loss, 
and consolidation in the late phase [7, 20]. In this chap-
ter, we review the pathobiology of lung radiation injury 
and the associated risk factors, mainly in  hematological 
diseases. We also discuss typical and  atypical radio-
logical manifestations and preventive approaches.

38.2  Incidence

Although estimates of the incidence of radiation 
pneumonitis depend heavily on the diagnostic crite-
ria used, the condition is common in patients who 
undergo thoracic radiation, especially in lung cancer, 
breast cancer, and lymphomas. Its incidence in lung 
cancer is around 5–15% [25], and is somewhat lower 
in Hodgkin’s disease (HD) and breast cancer patients. 
In a study of 590 patients with stage IA-IIIB 
Hodgkin’s disease who received mantle radiation 
therapy alone, the incidence of radiation pneumonitis 
was 3%. The risk of radiation pneumonitis rose sig-
nificantly to 11% when radiation therapy was com-
bined with chemotherapy [36]. Patients with breast 
cancer who undergo breast radiation therapy as part 
of a breast-conserving approach have a less than 1% 
risk of radiation pneumonitis [13]. In fact, in a Danish 
cohort of more than 35,000 women, the accumulated 
incidence during follow-up was 14 cases per 100,000 
person-years [8]. However, the concomitant use of 
chemotherapy increased the overall rate of pneu-
monitis from 1.4% to 3.9% [19]. Pulmonary compli-
cations occur frequently after bone marrow 
transplantation (BMT). In one study of 311 patients 
with hematologic malignancies who underwent 
autologous, allogeneic, or syngeneic BMT, the 2-year 
risk of interstitial pneumonitis was 26.8% and was as 
high as 34.1% in patients undergoing allogeneic 
BMT [11]. In that study, the median time from BMT 

to interstitial pneumonitis was 63.5 (7–720) days. 
Patients submitted to allogeneic BMT had a signifi-
cantly higher risk of developing interstitial pneu-
monitis than patients receiving syngeneic or 
autologous BMT (34.1% vs 16.7% and 4.9%, respec-
tively; p = 0.0006).

A lower incidence was reported in a recent retro-
spective study of 26 cohorts including 1,090 BMT 
patients, in which the incidence of interstitial pneu-
monitis was around 2.5% in patients with lung 
shielding and around 11% in patients without lung 
shielding [33].

38.3  Risk Factors

The factors that influence the degree of lung injury 
after irradiation of a thoracic malignancy may be 
related to the patient or to the irradiation techniques 
used [7]. The most important irradiation-related fac-
tors are the volume of irradiated lung, the total dose of 
delivered radiation, and the fractionation of the dose. 
The total dose of radiation delivered is important, as 
radiologic manifestations of radiation pneumonitis 
rarely appear at doses below 20 Gy, but are almost 
always present in patients receiving doses over 40 Gy 
[30]. In addition, chemotherapeutic agents such as 
actinomycin D, adriamycin, bleomycin, and busulfan 
can increase toxic effects of radiation [34]. Likewise, 
twice-daily doses in hyperfractionated treatment 
schedules are reported to cause less RP than single 
daily doses [17].

Among host factors, older age, female sex and prior 
respiratory disease have been identified as risk factors. 
In fact, chronic obstructive lung disease (COPD) is a 
very common underlying disease in lung cancer and 
has been identified as a risk factor for severe pneu-
monitis [28]. However, although this finding is contro-
versial, tobacco seems to have a protective effect; the 
mechanism of this effect is not known, but it could be 
similar to the mitigating influence on the development 
of hypersensitivity pneumonitis. In a study of 606 
patients with breast and esophageal carcinoma, the 
incidence of RP in smokers was 0.4% compared with 
3.6% in non-smokers (p = 0.022) [16].

The abrupt withdrawal of steroid administration has 
been related to lung injury, since withdrawal can 
unmask latent radiation injury to the lung [6].
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Animal studies and clinical observations have sug-
gested the usefulness of plasma determination of some 
molecules as markers of the risk of pneumonitis [42]. 
Changes in the plasma concentrations of TGF-b1 and 
IL-6 during radiotherapy may identify patients at risk 
of RP, but unfortunately cytokines are also produced in 
tumors, and it is difficult to distinguish between the true 
effect of radiation and cytokine tumor production [32].

In the case of total body irradiation (TBI) as a part 
of a preconditioning regimen for BMT, the whole lung 
volume is included in the irradiation area. In patients 
who undergo allogeneic stem-cell transplantation, age 
over 20, a history of chronic myelogenous leukemia, 
alloimmunized donor, prior splenectomy, and graft-
versus-host disease are risk factors for the develop-
ment of interstitial pneumonitis [33].

The risk of pneumonitis depends not only on TBI, 
but also on the chemotherapeutic agent used. Thus, the 
most common combination (TBI plus cyclophosph-
amide) seems to produce less toxicity than regimens 
containing busulfan; likewise, fractionating doses and 
limiting the total dose to 12 Gy seem to decrease the 
risk of pneumonitis [33].

38.4  Pathobiology

The degree of radiosensitivity depends mainly on the 
tissue affected. Hematological tissue (especially bone 
marrow and peripheral lymphocytes) is the most radio-
sensitive, and in the thorax the most radiosensitive tis-
sue is the lung (Table 38.1). Tissue damage will depend 
on absorbed doses that, in turn, are affected by the 
intensity of radiation. Radiation generates energy by 
accelerating electrons within the irradiated tissue; this 
release of energy produces free radicals that cause 
genetic damage and macromolecular injury. Genetic 

damage is more marked in cells with the highest mitotic 
rate. In the lung, the endothelial and epithelial cells are 
at risk of genetic damage, whereas macromolecular 
injury depends mainly on the direct effects of free radi-
cals through lipid peroxidation and oxidation of  protein 
sulfuryl groups [35]. Both genetic and macromolecu-
lar cellular injury triggers complex intracellular inflam-
matory pathways, inducing the production of cytokines 
and growth factors. Among the most prominent growth 
factor signaling cascades for which upregulation in 
(early responding) normal tissues after irradiation has 
been observed are the epidermal growth factor path-
way (upregulation of the receptor EGFR) and the 
tumor necrosis factor-alpha (TNF-a) pathway (upreg-
ulation of the growth factor) [35]. The angiotensin sys-
tem appears to be involved in the development of 
fibrosis, at least in the lung, presumably through inter-
actions with TGF-b signaling [27]. In the kidney, 
angiotensin-converting enzyme (ACE) also contributes 
to the development of the radiation response. Therefore, 
ACE inhibitors, such as captopril and antagonists of 
the angiotensin II type 1 (AT1)- and type 2 (AT2) 
receptor, have been tested for their potential to miti-
gate or treat late radiation effects, particularly in kid-
ney and lung.

From the histopathological point of view, the first 
changes occur within an hour of the initiation of radia-
tion, when type II alveolar cells release surfactant. 
Subsequently, edema, increases in permeability, and 
alveolar filling drive the histological pattern of diffuse 
alveolar damage. In the next 2–9 months after irradia-
tion, a repair process takes place with a reduction of 
the inflammatory response and an increase in collagen 
production. The last phase is pulmonary fibrosis due to 
sclerosis of the alveolar wall, endothelial damage, and 
alveolar fibrosis; although the airways usually remain 
unaffected, the interstitium is markedly thickened and 
the parenchyma distorted [9,12,25,38].

Highly radiosensitive Moderately radiosensitive Least radiosensitive

Lymphoid tissue Skin Central nervous system

Bone marrow Vascular endothelium Muscle

Gastrointestinal epithelium Lung Bone and cartilage

Gonads Kidney Connective tissue

Embryonic tissues Liver –

Table 38.1 Radiosensitivity of tissues
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38.5  Diagnosis

38.5.1  Clinical Manifestations

The classic syndrome of acute radiation pneumonitis 
appears 4–6 weeks after irradiation. Only in 5–10% of 
cases does radiation pneumonitis become clinically 
significant [1]. Physical examination is unreliable: skin 
erythema may outline the radiation port, but these 
changes do not correlate well with the severity of pul-
monary injury. Laboratory findings are also not spe-
cific. Acute radiation pneumonitis (RP), as a clinical 
syndrome, consists of non-productive mild cough, 
mild dyspnea, pleuritic chest pain, and low-grade fever. 
Fibrosis appears between 6 and 12 months after the 
end of radiation therapy and in general is irreversible; 
in these cases breathlessness is the most common com-
plaint, and crackles may be heard. In some cases, 
respiratory failure is a terminal event, manifested as 
tachypnea and cyanosis.

38.5.2  Radiology

Chest X-ray and CT scan are the most common imag-
ing techniques used to diagnose RP. Initial radiological 
manifestations of the acute phase of RP are ground-
glass opacities and/or consolidation in the irradiated 
port. Occasionally, an ipsilateral moderate pleural 
effusion, often associated with atelectasis of the lung, 
develops at the time of radiation pneumonitis [18]. 
Because CT is more sensitive than chest radiography, 
homogeneous ground-glass attenuation representing 
early radiation pneumonitis can be seen a few weeks 
after the completion of radiation therapy, although the 
X-ray is normal [5,14,23].

Whereas classic pneumonitis occurs in the radiation 
port, sporadic radiation-induced lung injury develops 
in areas of untreated lung. In recent years, two differ-
ent patterns have been described: (1) organizing pneu-
monia (COP), which occurs several months after 
irradiation and presents as migratory infiltrates outside 
the radiation portal, and (2) lymphocytic alveolitis, 
which occurs as bilateral lung injury 2–4 weeks after 
irradiation.

COP has been described only in females undergo-
ing irradiation for breast cancer. COP usually appears 

6 weeks to 10 months after radiation therapy, although 
longer periods have been reported (18 years) [26].

The most common images on CT scan are patchy, 
bilateral areas of consolidation or ground-glass infiltra-
tion characterized by a migratory pattern (Fig. 38.1).

Lymphocytic alveolitis has been observed in patients 
suffering from breast cancer; in a control study, the 
irradiated zones showed the same degree of alveolitis 
as non-irradiated areas. This finding was not predictive 
of radiological evidence of pneumonitis [24].

Eosinophilic pneumonia is a less frequently 
described complication that is thought to result from 
breast irradiation. In one study, five cases of females 
with chronic eosinophilic pneumonia following radio-
therapy for breast cancer were reported. All patients 
had a history of asthma and/or atopic manifestation, 
and presented a marked peripheral blood and alveolar 
eosinophilia [10]. In this study, the median time inter-
val between the end of radiation therapy and the onset 
of eosinophilic pneumonia was 3.5 (1–10) months.

Interactions between chemotherapy and radiother-
apy are also a source of iatrogenic manifestations. The 
“radiation recall” syndrome may occur in a previously 
irradiated territory following chemotherapy. Radiation 
recall is an inflammatory skin reaction at a previously 
irradiated field subsequent to the administration of a 

Fig. 38.1 Patient with breast cancer treated with RT. Patchy 
ground-glass opacities in both lungs
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variety of pharmacologic agents. The skin is more fre-
quently involved, but many organs can be affected, and 
pneumonitis has been described after gemcitabine, 
carmustine, paclitaxel, and anthracyclines [3].

Bronchial stump necrosis is an unusual manifesta-
tion described in irradiated lung cancer after pneumo-
nectomy or lobectomy, causing a broncho-pleural 
fistula. This is a late complication, usually appearing 
between 1 and 7 years after radiation therapy [26].

In Hodgkin’s disease, a mantle radiotherapy field 
that treats all lymph node areas above the diaphragm 
includes the lung apex and axilla bilaterally; in non-
Hodgkin’s lymphoma, smaller lung volumes are often 
treated. Follow-up chest radiographs show several 
abnormalities, such as apical and paramediastinal 
fibrosis and reduced lung volumes. Radiographic 
changes on CT scans are found in 30% of patients in 
whom the chest radiograph can be considered “nor-
mal” at 5 years follow-up [29]. Pulmonary necrosis 
can be seen, which is difficult to manage due to the 
possibility of lung infection (Fig. 38.2).

TBI is typically involved in the pathogenesis of 
idiopathic pneumonia syndrome; this syndrome can 
appear in the first 120 days after transplantation and 
is related not only to TBI, but also to the chemother-
apy used, graft-versus-host disease, and older age. 
When suspected, clinicians should rule out other 
conditions before accepting a definitive diagnosis 
(Table 38.2).

Radiographic findings are non-specific and include 
bilateral air-space opacification. CT scan shows progres-
sive air-space consolidation with bibasilar prominence 

* *

a b

Fig. 38.2 (a) Subtle paramediastinal pneumonitis and calcified lymph nodes (*) after RT for Hodgkin’s lymphoma. (b) Follow-up CT after 
12 months shows increased pneumonitis and pulmonary necrosis in the apex of the right lung. No associated infection was identified

1. Evidence of widespread alveolar injury, including:

  Multilobar infiltrates on routine chest radiographs  
or CT scans

 Symptoms and signs of pneumonia

 Evidence of abnormal pulmonary physiology

  Increased alveolar-to-arterial oxygen gradient

   New or increased restrictive pulmonary function test 
abnormality

2.  Absence of active lower respiratory tract infection. 
Appropriate evaluation includes:

  Bronchoalveolar lavage negative for significant bacterial 
pathogens and/or lack of improvement with  
broad-spectrum antibiotics

  Bronchoalveolar lavage negative for pathogenic  
nonbacterial microorganisms

  Routine bacterial, viral, and fungal cultures

  Shell-vial CMV culture

   Cytology for CMV inclusions, fungi, and Pneumocystis 
carinii

   Detection methods for respiratory syncytial virus, 
parainfluenza virus, other organisms

Table 38.2 Diagnostic criteria for idiopathic pneumonia 
syndrome
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similar to non-cardiogenic pulmonary edema. Pleural 
effusions may be present [15].

In delayed-onset cases, the clinical course is more 
indolent and causes respiratory failure only on occa-
sions [37].

38.5.3  Lung Functional Test

Pulmonary function tests (PFT) are the most objective 
way to evaluate the impact of irradiation on lung func-
tion. These tests have a variety of uses: (1) to evaluate 
the individual risk of RP, (2) to diagnose pulmonary 
fibrosis, and (3) to monitor the respiratory function 
closely. Although the forced volume in the first second 
(FEV1) is a useful and straightforward parameter for 
diagnosis of pulmonary fibrosis, it relies on a decrease 
of total lung volume (TLC) and diffusing capacity of 
the lung for carbon monoxide (DLCO). The DLCO 
test is the most sensitive indicator of interstitial dis-
ease; low DLCO levels are related to the loss of alveo-
lar surface and thickening of intra-alveolar septa. Few 
long-term studies have assessed the impact of irradia-
tion on lung function. It has only been determined in 
long-term survivors, mainly in lymphomas; follow-up 
studies in lymphomas show an initial reduction in TLC 
and DLCO at 3–6 months, and recovery rates of 
50–60% by 18 months. Long-term (>10 years) follow-
up reveals a moderate decrease in DLCO (up to 
70–80% of predicted levels) and a minor reduction in 
TLC (to 90% of predicted levels) [4,21,29]. There 
were no long-term clinical sequelae, and exercise 
capacity was normal in 25 patients who underwent a 
graded stress test to assess the cardiac left ventricular 
ejection fraction in long-term follow-up for Hodgkin’s 
disease [29].

In irradiated patients with breast cancer, significant 
changes in TLC have been reported. The maximal 
decrease was recorded 60 days after completion of 
radiotherapy and occurred without any apparent rela-
tionship with radiographic changes. These findings 
suggest that the reduction in pulmonary volume 
depends more on the diffuse lymphocytic alveo-
litis than on the extension of the localized lung 
 damage [24].

In TBI, pulmonary functions tests show a restrictive 
pattern, with decreased TLC and DLCO.

38.6  Treatment

Corticosteroids are currently the most frequent treat-
ment for RP. A dose of 1 mg/kg/day for 2–4 weeks, 
followed by gradual tapering over the next 
6–12 months, is the most common approach. There 
are no trials for evaluating adequate dose or duration 
of treatment. It is recommended to start treatment as 
soon as toxicity is detected in order to avoid progres-
sion to fibrosis. Immunosuppressants used as steroid-
sparing agents, like cyclosporine A and azathioprine, 
have proved useful, but only in case reports. There is 
also anecdotal evidence of the usefulness of inhaled 
corticosteroids [22].

In cases of pulmonary idiopathic pneumonia, the 
outcome is fatal in nearly 70% of cases despite the use 
of corticosteroids.

When fibrosis is established, only palliative therapy 
is possible. In these cases, only O

2
 therapy relieves the 

sensation of dyspnea, apart from the use of morphine. 
The role of treatment with N-acetylcysteine (indicated 
in other types of fibrosis) remains uncertain because of 
the lack of studies in this area.

38.7  Prevention

38.7.1  Radiation Techniques

A number of methods have been developed to deliver 
an adequate or tumoricidal dose of radiation to tumors 
while limiting the amount of normal lung exposed, 
such as the use of limited radiation portals, tangential 
beams, conformal therapy, and intensity-modulated 
radiation therapy. The three-dimensional conformal 
irradiation technique, one of the most recent and 
sophisticated irradiation methods developed, uses 
multiple radiation beams to generate dose distribu-
tions that conform tightly to target volumes. This 
technique ensures that the entire target volume is ade-
quately treated while minimizing doses to normal 
structures (Fig. 38.3).

Intensity-modulated radiation therapy delivers 
intensity-modulated radiation to irregularly shaped 
target volumes by using dynamic multileaf collimators 
in 3D conformal therapy. The use of new technologies, 
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such as 3D conformal radiotherapy or even newer 
developments such as stereotactic, allows the calcula-
tion of the exact area to be irradiated. In this way, plan-
ning with CT scan or positron emission tomography 
(PET) allows to define the exact area to be irradiated.

38.7.2  Drugs

Amifostine, an oxygen-free radical scavenger, has 
proven effectiveness in cytoprotection and reduces 
radiation pneumonitis in clinical trials. The adminis-
tration of this drug has been associated with preventing 
the loss of DLCO when administered concurrently 
with chemoradiotherapy. Its administration before 
radiotherapy also reduced the macrophage levels and 
expression of lung tissue TGF-b1 [2,40].

Pentoxifylline is a xanthine derivate that inhibits 
platelet aggregation and enhances microvascular blood 
flow. A modest benefit was suggested in a trial with 40 
patients treated for breast and lung cancer [31].

Captopril is an inhibitor of angiotensin-converting 
enzyme (ACE), which reduces radiation-induced lung 
fibrosis in rats, but no protective effect was found in a 
retrospective study in humans [41].

In TBI, to keep the dose to critical organs below 
their tolerance dose, the possibilities are: (1) fraction-
ation, (2) lowering of the dose rate, (3) decreasing the 
dose locally by shielding of the organs concerned, or 

(4) a combination of the three. Fractionation is reported 
to lower the impact of the TBI on normal tissues, with-
out modifying the effect on leukemia cells [39].

38.8  Conclusions

The development of radiation pneumonitis depends 
mainly on treatment-related factors, such as radiation 
dose, volume of lung irradiated, fraction schedule, use 
of concurrent chemotherapy and patient-related factors. 
Despite new advances in delivering radiation, reducing 
the incidence remains a challenge. Furthermore, the 
growing survival rates of patients with cancer make it 
essential to avoid toxicity in order to improve quality of 
life. Modern technologies, such as intensity-modulated 
radiation therapy or robotic stereotactic radiotherapy, 
may well help to achieve better outcomes in terms of 
survival and therapy-related morbidity. Research into 
drugs for preventing or treating toxicity is needed in the 
future.
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39.1  Introduction

Noninfectious causes of pulmonary involvement in 
patients with early or relapsing hyperleukocytic leuke-
mia include pulmonary leukostasis, leukemic lung 
infiltration, and acute lysis pneumopathy [1, 2]. 
Pulmonary leukostasis associated with nonlymphocytic 
or lymphocytic leukemia usually occurs when the leu-
kocyte count is greater than 100,000/mm3 or increases 
rapidly [3–5]. Acute lysis pneumopathy can develop at 
chemotherapy initiation in these patients [2, 6–13]. In 
contrast, symptomatic leukemic infiltration of the lungs 
has been reported in acute leukemia with or without 
hyperleukocytosis, suggesting that the type of blasts 
and their affinity for the pulmonary endothelium may 
be involved in the development of acute respiratory dis-
tress syndrome [14]. Clinically significant leukemic 
pulmonary infiltrates are recognized antemortem in 
fewer than 7% of leukemic patients [1]. The incidence 
of leukemic lung infiltration found at autopsy is much 
greater, ranging from 25% to 46% of patients. Histology 
shows leukemic blasts occupying most or all of the vas-
cular lumens, with or without the presence of fibrin 
[15]. Distinguishing among leukostasis, leukemic infil-
tration, and acute lysis pneumopathy may be difficult, 
particularly as these conditions may occur concomi-
tantly [10].

39.2  Pulmonary Leukostasis

Pulmonary leukostasis is one of the manifestations of 
hyperleukocytic syndrome, which also causes other 
clinical and laboratory abnormalities (Table 39.1). 
Pulmonary leukostasis is best defined as a pathological 
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entity that is usually, but not invariably, associated with 
very high counts of circulating leukemic cells [14]. 
Pulmonary leukostasis occurs mainly in acute myeloid 
leukemia (AML) and in advanced chronic myelogenous 
leukemia (CML) at the blast-crisis stage. In early 
autopsy studies, the incidence of pulmonary leukostasis 
was as high as 29/82 patients with AML and 14/47 
patients with CML [15]. Pulmonary leukostasis was 
found in all patients with leukocyte counts greater than 
200 G·109/L and half of those with leukocyte counts 
between 50 and 200 G·109/L. In half the patients, pul-
monary leukostasis was thought to be a major cause of 
death. Pulmonary leukostasis is rare in patients with 
chronic lymphocytic leukemia (CLL), as well as in 
those with acute lymphocytic leukemia (ALL) and leu-
kocyte counts lower than 250 G·109/L [4]. For example, 
of 636 patients with CLL followed over 8 years, only 5 
(0.78%) required admission for pulmonary leukostasis 
[16]. Among AML patients, 5–29% of adults and a 
slightly higher percentage of children had leukocyte 
counts greater than 50 G·109/L [17]. AML subsets 
 associated with hyperleukocytosis and pulmonary 

leukostasis include myelomonocytic (M4) or monocytic 
(M5) AML and the microgranular variant of acute pro-
myelocytic leukemia (M3) (Fig. 39.1) with inv16 
(p13;q22), 11q23 rearrangements, and duplications of 
the activating mutations in the Fms-like tyrosine-3 
(FLT3) gene [17–19]. Hyperleukocytosis with or with-
out pulmonary leukostasis was the single worst prog-
nostic factor in patients with AML in some studies, but 
not in the most recent reports [5, 20, 21]. Pathogenic 
mechanisms that may contribute to pulmonary leuko-
stasis include increased blood viscosity in the microcir-
culation [22, 23], leukocyte aggregation, leukocytic 
microthrombi, changes in vascular impedance [23], 
release of toxic products from leukemic cells, endothe-
lial cell damage and activation [24], complement activa-
tion [25], oxygen steal and hypoxia, and microvascular 
invasion [23, 26, 27].

Table 39.1 lists the most common symptoms of leu-
kostasis. Because none of these symptoms is specific, 
leukostasis is difficult to prove, and no universally 
accepted diagnostic criteria exist [28]. Table 39.2 
shows the four-point clinical score developed to assist 
in the diagnosis of leukostasis; 0 indicates no leukosta-
sis; 1, possible leukostasis; 2, probable leukostasis; 
and 3, highly probable leukostasis [29]. This score was 
developed based on 95 patients (59 males and 36 
females with a median age of 52 years) with leukocyte 
counts greater than 50 G·109/L including 48 with 
AML, 31 with CML, 13 with ALL, and 3 with chronic 
myelomonocytic leukemia (CMML). The score rests 
on criteria that are simple and fast to evaluate: overall 
symptom severity (slight, marked, or severe limita-
tion), presence of pulmonary symptoms (from no limi-
tation to dyspnea at rest), and presence of neurological 
symptoms (tinnitus, visual disturbances, confusion, 
and/or somnolence). It was validated in a different 
group of 31 patients (27 with AML and 4 with ALL) 
whose median leukocyte count was 219 G·109/L [30]. 
Of these 31 patients, 6 (18.2%) died early on, mainly 
of pulmonary failure; all six patients had AML, which 
was of monocytic lineage in three patients [85–87].

In patients with severe hyperleukocytosis, tissue 
oxygenation is difficult to evaluate. Pulse oximetry is 
unreliable because of increased methemoglobinemia, 
and blood gas analysis can be affected by excessive 
oxygen consumption by the leukocytes [23, 31–33]. 
Interestingly, blasts consume more oxygen than do 
normal leukocytes due to an increase in Na+-K+ 
ATPase activity [34]. Although many methods for 

Central nervous system circulation

  Headache, confusion, somnolence, dizziness, slurred 
speech, impaired hearing, tinnitus, diplopia, delirium, 
stupor, coma

 Retinal vein distension, retinal hemorrhage, papilledema

 Intracranial hemorrhage

Penile circulation

 Priapism

Cardiovascular system

 Acute myocardial infarction

 Right ventricular overload

 Acral lividosis

  Acute limb ischemia, bowel infarction, renal vein 
thrombosis

Laboratory findings

 Real or spurious decreases in PaO
2
 and/or PaCO

2

 Decreased plasma glucose

 Spurious hyperkalemia

 Real or spurious hypophosphatemia and hypokaliema

  Increases in red-blood-cell count, hemoglobin, and 
hematocrit

Table 39.1 Clinical manifestations of leukostasis
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performing blood gas analysis in patients with severe 
hyperleukocytosis have been tested (ice versus no ice, 
immediate versus delayed analysis), they remain con-
troversial [35]. Laboratory tests often show metabolic 
disturbances such as hypokalemia and hypophos-
phatemia in patients with extreme hyperleukocytosis 
[36]. These findings may reflect in vivo abnormalities 
or the metabolic activity of leukocytes in vitro. 
Appropriate sampling techniques and immediate 
analysis are therefore crucial. Pseudohyperkalemia 
due to in vitro potassium release by leukocytes under-
going lysis during the clotting process has been 
reported [37].

No radiological findings have been clearly associ-
ated with pulmonary leukostasis. The chest radio-
graph may be normal or show an atypical bilateral 

reticular pattern with septal lines or bilateral airspace 
consolidation (Fig. 39.2) [38]. Perfusion lung scan-
ning for the diagnosis (diffuse vascular occlusive pat-
tern) and monitoring of pulmonary leukostasis 
remains controversial [39, 40]. Pulmonary leukosta-
sis may mimic pulmonary embolism or suggest tuber-
culosis in endemic areas [41, 42].

39.3  Pulmonary Leukemic Infiltration

Symptomatic leukemic infiltration of the lung is the 
least common cause of pulmonary infiltrates in patients 
with leukemia, although the incidence at autopsy may 
be as high as 64% [43–46]. Pulmonary infiltrates are 

a b

c d

Fig. 39.1 A 28-year-old man with hyperleukocytic AML type 3 
(15–17 translocation). (a) High-resolution computed tomogra-
phy of the chest on day 1 (leukocyte count, 108.8 G·109/L; LDH, 
9·N). (b) High-resolution computed tomography of the chest on 
day 3 (treatment with idarubicin, aracytine, ATRA, and dexam-
ethasone; leukocyte count, 59.9 G·109/L; LDH, 10·N). (c) High-
resolution computed tomography of the chest on day 4 (treatment 
with idarubicin, aracytine, ATRA, and dexamethasone; leuko-

cyte count, 10.9 G·109/L; LDH, 11·N; admission to the intensive 
care unit for acute respiratory failure; invasive mechanical 
 ventilation; bronchoalveolar lavage fluid, no pathogens, 
siderophages, or blast cells). (d) High-resolution computed 
tomography of the chest on day 16 (leukocyte count, 0.9 G·109/L; 
LDH, normal; invasive mechanical ventilation discontinued 
5 days earlier). (e) High-resolution computed tomography of the 
chest 2 months after the first remission
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Group Probability 
of leukostasis 
syndrome

Severity of  
symptoms

Pulmonary symptoms Neurological 
symptoms

Other organ 
systems

0 Not present No limitation No symptom and no 
limitation in ordinary 
activities

No neurological 
symptoms

No symptom

1 Possible Slight limitation Mild symptoms and 
slight limitation during 
ordinary activity, 
comfortable at rest

Mild tinnitus, headache, 
dizziness

Moderate fatigue

2 Probable Marked limitation Marked limitation in 
activity because of 
symptoms, even during 
less than ordinary 
activity, comfortable 
only at rest

Slight visual 
disturbances,a severe 
tinnitus, headache, 
dizziness

Severe fatigue

3 Highly  
probable

Severe limitation Dyspnea at rest, oxygen 
or ventilation required

Severe visual distur-
bancesa (acute inability 
to read), confusion, 
delirium, somnolence, 
intracranial hemorrhage

Myocardial 
infarction, priapism, 
ischemic necrosis

Table 39.2 Clinical score to identify patients with leukostasis

Adapted from [29]
aBlurred vision, diplopia, hemianopsia

usually microscopic and frequently associated with 
hyperleukocytosis, although they have been reported 
in non-hyperleukocytic AML patients [46–49]. The 
diagnosis is based on histological or cytological stud-
ies and on negative findings from a comprehensive 
investigation for more common causes. The infiltrates 
typically follow the lymphatic routes along the bron-
chovascular bundles, interlobular septa, and pleural 
interstitial tissue. Nodules are uncommon [50].

Pulmonary leukemic infiltration is frequently found 
at autopsy but rarely documented in clinical practice 
because of the lack of specific clinical and radiologi-
cal signs, unless hyperleukocytosis is present [51]. It 
seems more common in AML than in ALL [4, 52]. 
Most of the cases reported in patients with AML had 
M4 or M5 disease [46–49]. Pulmonary leukemic infil-
tration seems especially rare during the course of 
CLL, with only two of 636 hospital admissions [16]. 
Clinical symptoms of leukemic pulmonary infiltration 
are nonspecific, such as cough, pyrexia, and dyspnea. 
Lung biopsy or bronchoalveolar lavage may be 
required to confirm the diagnosis, but are often con-
traindicated because of hypoxia or thrombocytopenia. 
Studies have sought to define the radiological pattern 
of pulmonary leukemic infiltration. Radiographs may 

show a diffuse reticular pattern or, less frequently, 
 pulmonary nodules or focal homogeneous opacities 
[53–55]. Three studies report the findings from high-
resolution computed tomography (HRCT). In a study 
of ten patients with leukemic infiltrates diagnosed by 
transbronchial biopsy and BAL (n = 8), open lung 
biopsy (n = 1), or autopsy (n = 1) [56], four patients 
had T-cell leukemia (ATL), two had CML, two had 
CLL, and two had AML (subtype not specified). The 
main findings were thickening of the interlobular septa 
and bronchovascular bundles, and presence of paren-
chymal nodules smaller than 10 mm. Subsequently, 
similar findings were obtained in 11 patients (six with 
AML, three with ATL, one with chronic myelomono-
cytic leukemia, and one with plasma cell leukemia) 
[57]. HRCT findings in these 11 patients with leuke-
mic pulmonary infiltration were compared with those 
of 22 leukemic patients who had other lung diseases. 
HRCT histopathology correlations were assessed in 
seven patients with leukemic infiltration, from whom 
specimens were obtained by autopsy (n = 6) or trans-
bronchial lung biopsy (n = 1). Frequent parenchymal 
HRCT findings were thickening of bronchovascular 
bundles (81.8%), prominence of peripheral pulmo-
nary arteries (81.8%), and non-lobular non-segmental 
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a b

c d

e

Fig. 39.2 A 52-year-old man with type 1 AML (no cytogenetic 
abnormality, 10% monoblasts) admitted to the intensive care 
unit for acute respiratory failure. (a) Chest X-ray on day 1 (leu-
kocyte count, 447 G·109/L). (b) High-resolution computed 
tomography of the chest on day 2 (leukocyte count, 46 G·109/L, 
treatment with hydroxyurea and dexamethasone, no antiinfec-
tious agents. (c) High-resolution computed tomography of the 

chest on day 14 (leukocyte count, 0.1 G·109/L), treatment with 
idarubicin from day 7 to day 10 and aracytine from day 7 to day 
12, broad-spectrum antibiotics (ceftazidime, amikacin, and van-
comycin) despite negative findings from microbiological stud-
ies. (d and e) High-resolution computed tomography of the chest 
2 months after the first remission
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ground-glass opacities (90.9%). The first two findings 
were significantly more common in the group with 
leukemic infiltration than in the control group; had 
good interobserver agreement; and corresponded to 
leukemic cell infiltration around the pulmonary arter-
ies, bronchi, or bronchioles. The third study was done 
in four patients with AML, low leukocyte counts, and 
respiratory symptoms. HRCT showed pulmonary 
infiltrates with alveolar, interstitial, mixed, and peri-
bronchial/perivascular patterns in all patients, includ-
ing one with normal standard radiographic findings 
[51]. Infectious agents were excluded. Histology of 
the lung specimens (autopsy, n = 2; open lung biopsy, 
n = 1; and transbronchial lung biopsy, n = 1) demon-
strated leukemic infiltrates. These findings suggest 
that pulmonary leukemic infiltration may produce pul-
monary infiltrates even in AML patients with low blast 
counts.

39.4  Acute Lysis Pneumopathy

Infections are the most common cause of respiratory 
failure in acute leukemia patients during induction 
therapy [58] (Table 39.3). However, the potential of 

AML treatment to precipitate acute respiratory failure 
(ARF) in hyperleukocytic patients has long been rec-
ognized. The term “leukemic cell lysis pneumopathy” 
was first used in 1982 [6] in a report about five patients 
with de novo AML (subtype not specified). All five 
patients had high circulating blast cell counts initially 
(range, 192–245 G·109/L) and had recently received 
chemotherapy. Within 4 days of the leukocyte count 
nadir, patchy and often multilobar pneumonitis devel-
oped. Cultures for bacteria, fungi, and viruses were 
negative, and broad-spectrum antibiotics produced no 
clinical response. Lung biopsies from all five patients 
(open lung biopsy, n = 4; or transbronchial biopsies, 
n = 1) showed diffuse alveolar damage (DAD) at the 
proliferative phase with degenerating blast cells within 
the interstitium and organizing alveolar exudates. No 
potentially pathogenic organisms were seen. In all five 
patients, the pulmonary infiltrate resolved without spe-
cific therapy. It was postulated that lysis of leukemic 
cells with release of their enzyme contents led to the 
histological DAD. This clinical picture was later called 
“lysis pneumopathy” [8]. Two patients with hyperleu-
kocytic myelomonocytic leukemia (M4) and abnormal 
marrow eosinophils developed ARF within 1–3 days 
after starting high-dose induction chemotherapy [8]. 
Arguments for pulmonary injury due to resident 

Table 39.3 Acute lysis pneumopathy

First author Reference Population Cases (leukemia type,  
FAB subtype)

Onset of symptoms/ 
beginning of 
chemotherapy

Chemotherapy

Tryka et al. (1982) [6] Adults 5 (3 AML, type  
unprecised, 2 CML)

16 ± 5 days Aracytine in all 
patients + diverse 
chemotherapeutic 
agents

Myers et al. (1983) [7] Adults 4 (AML, type  
unprecised)

10–48 h Aracytine/6-
thioguanine

Dombret et al. (1992) [8] Adults 2 (M4 eosino) 7–12 h Daunorubicin (in 
both patients)/
aracytine (in one)

Würthner et al. (1999) [10] Adults 2 (1 M4, 1 M2) 7–36 ha Aracytine

Lester et al. (2000) [9] Adults 2 (M4 eosino) 16–24 h Daunorubicin/
aracytine/ATRA

Wan et al. (2002) [11] Adult 1 (M4 with abnormal 
eosinophils)

72 h Daunorubicin/
aracytine

Hijiya et al. (2005) [2] Children 5 (3 M4 eosino, 2 M5) 1–2 days Daunorubicin/
aracytine

ATRA All-trans-retinoic acid
aOne patient had intracerebral bleeding, myocardial and kidney infarction, and peripheral arterial thrombi
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leukemic cell lysis included the presence of moderate 
pulmonary leukostasis (leukocyte counts, 200 G·109/L 
and 257 G·109/L, respectively), simultaneous occur-
rence of acute tumor lysis syndrome, lack of evidence 
of other causes of ARF, improvement in respiratory 
symptoms in correlation with declining leukocyte 
counts, and regression of acute tumor lysis syndrome. 
A single patient had not yet been treated with aracyt-
ine, a drug known to induce myeloid maturation of 
immature leukemic blasts and to cause ARF [59–64]. 
More recently, leukostasis followed by histologically 
proven hemorrhagic pulmonary infarctions with blast 
accumulation in the vessels was reported in a patient 
with AML type 2 and hyperleukocytosis who had just 
started chemotherapy [10]. Similar findings, combined 
with DAD, were described in a patient with AML-M2, 
abnormal eosinophils, and trisomy X who developed 
fatal ARF 3 days after starting induction chemotherapy 
[11]. In the absence of hyperleukocytosis, DAD may 
be related to chemotherapy-induced cell lysis with the 
release of eosinophil constituents such as enzymes or 
reactive oxygen species on [8, 11]. Among 155 chil-
dren with de novo AML followed up for 11 years, five 
(three with AML-M4eo with inv16 and two with 
AML-M5) experienced severe ARF attributed to tumor 
lysis, associated in four patients with circulatory fail-
ure requiring vasopressor support [2]. This complica-
tion was significantly more common in AML-M4 and 
-M5 than in the other subtypes (P = 0.010) and was sig-
nificantly more common in AML-M4eo than in AML-
M4/M5 (P = 0.008). Interestingly, four of these five 
patients required invasive mechanical ventilation and 
were successfully extubated 2–13 days after chemo-
therapy initiation. No specific clinical or radiological 
signs have been identified to date, as the number of 
reported cases remains small. The most suggestive 
symptoms seem to be hemoptyis and extensive bilat-
eral airspace consolidations [1]. Pulmonary lysis syn-
drome must be considered in patients with ARF within 
the first few hours or days after chemotherapy initia-
tion, especially in patients who have AML with mono-
cytic and eosinophilic components.

39.5  Management

The clinical management of the pulmonary manifes-
tations of hyperleukocytosis in patients with leuke-
mia remains unsatisfactory. No specific treatment  

is available. Importantly, patients with pulmonary 
 leukostasis or other manifestations of hyperleuko-
cytic syndrome who survive the first few days of 
treatment, especially those with AML, have the same 
complete remission rates and median disease-free 
survival times as patients with lower leukocyte counts 
[20, 65]. Every effort must be made to diminish early 
mortality in these patients, including ICU admission 
and invasive or noninvasive mechanical ventilation 
[47, 66, 67]. Interventions that increase blood viscos-
ity should to avoided, especially red-blood-cell trans-
fusions that are not absolutely required by the clinical 
condition of the patient (Fig. 39.3) [68]. All patients 
must receive hyperhydration to induce hemodilution 
(isotonic saline, 3 L/m2/day without inducing alka-
linization) and rasburicase to prevent acute tumor 
lysis syndrome and acute kidney injury from uratic 
nephropathy, which worsen the prognosis [69–72]. 
Even initially asymptomatic patients may deteriorate 
clinically within a few hours, and, consequently, 
immediate leukapheresis holds theoretical appeal as a 
means of diminishing the leukemic cellular burden 
faster than can be achieved by chemotherapy. 
However, no published randomized trials or evidence-
based guidelines on leukapheresis are available. 
Leukapheresis should not be used in patients with 
hyperleukocytic AML-M3, in whom it might worsen 
the coagulation disorders [73]. Table 39.4 lists the 
main results of the four largest studies of leukaphere-
sis. Controversial data have been obtained, most nota-
bly in patients with AML-M4 or -M5 [65]. 
Leukapheresis is generally performed as an emer-
gency procedure in acutely ill patients with severe 
thrombocytopenia and coagulopathy. Although leu-
kapheresis may be feasible through a large peripheral 
vein, it often needs the placement of a large-bore cen-
tral venous access, which may result in complica-
tions, especially sepsis and bleeding [17]. Symptomatic 
hypocalcemia induced by citrate is the most often 
reported side effect [17]. In a recent study, severe pro-
cedural complications occurred in 18 (85.7%) of 21 
children (femoral vein thrombosis, n = 5; coagulopa-
thy, n = 6; sinus bradycardia, n = 4; hypotension, n = 4; 
hypertension, n = 3; hypokalemia, n = 4; and hypo-
magnesemia, n = 1) [74]. Cytoreduction may be 
obtained with conventional chemotherapy. However, 
hydroxyurea at a dosage of 3–6 g/m2 has been used 
for more than 30 years as a means of rapidly dimin-
ishing the leukocyte count without causing metabolic 
disturbances [75, 76]. The most recent case series, 



516 F. Vincent

including 87 pediatric and adult patients with hyper-
leukocytic AML, supports the use of oral hydro xyurea 
(50 mg/kg/day for 4 days), which produced cytore-
duction in 62 (71.3%) patients [77]. Interestingly, 
only four (4.6%) patients developed acute tumor lysis 

syndrome. Preliminary results of a randomized study 
of early AML management with leukapheresis versus 
hydroxyurea (median cumulative dose, 18 g within 
the first 4 days) showed no benefits from leukaphere-
sis [78]. These data have been incorporated into the 

Discontinuation of
chemotherapy?

Transfusions
Steroids?

Supportive care

Leukapheresis?
Hydroxyurea

Steroids?
Supportive care

Chemotherapy
Supportive care

Alveolar
proteinosis
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oedemaInfection

Aracytine
toxicity

Radiation
pneumonitis

Intra alveolar
hemorrhage

Acute cell lysis
pneumopathy

Endothelial
disease

Specific
lung

involvement
Leukostasis

Quantitative

Fig. 39.3 Possible 
interventions

Author Reference Population Leukemia Responders Early 
deaths

Remission

Cuttner et al.  
(1983)

[88] 22 (19 adults, 3 
children)

22 AML (13M4,  
6M5, 3M2)

17/22  
(77.3%)a

– 15/17 
responders vs 

WBC >100 G·109/L

Porcu et al.  
(1997)

[89] 48 (not specified) AML and CML  
(not specified)

31/48  
(64.6%)b

14/48 
(29.2%)c

–

WBC >100 G·109/L

Giles et al.  
(2001)

[90] 71 (not specified) AML  
(not specified)

– 17/71 (24%)d 44/71 (62%)e

WBC >50 G·109/L

Inaba et al.  
(2008)

[21] 20 children AML  
(50% M4 or M5)

– 2/20f –

WBC >100 G·109/L

Table 39.4 Leukapheresis in patients with hyperleukocytic leukemia

aGreater than 30% decrease in the leukocyte count
bGreater than 50% decrease in the leukocyte count
cDeath within 1 week
dDeath within 6 weeks; P = 0.58 vs 28% in patients treated without leukapheresis
eP = 0.81 vs 59% in patients treated without leukapheresis
fDeath within 2 weeks; P = 0.1 vs 22.8% in patients treated without leukapheresis; both died of pulmonary hemorrhage and acute 
renal failure
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most recent recommendations about managing hyper-
leukocytic AML, which suggest hydroxyurea treat-
ment in dosages of up to 50–60 mg/kg/day until the 
leukocyte count falls below 10–20 G·109/L [79]. The 
existence of interactions between adhesion receptors 
expressed by blast cells and endothelial cells (e.g., 
selectins, integrins, VCAM-1, and ICAM-1) supports 
the use of corticosteroids [80, 81]. At our institution, 
we currently use dexamethasone 10 mg/12 h until 
resolution of the pulmonary symptoms. A recent 
report suggests the use of the multikinase and FLT3 
inhibitor sorafenib in patients with AML FLT3, as 
this drug seems able to decrease the leukocyte count 
without inducing tumor lysis syndrome, thereby facil-
itating induction therapy [82]. Several patients with 
CML in myeloid blast crisis who presented with pul-
monary leukostasis were treated with imatinib mesy-
late, with or without hydroxyurea, and experienced 
rapid leukocyte count decreases and marked improve-
ments in their respiratory status [42, 83, 84].

There is no clear recommendation for managing 
acute lysis pneumopathy. Interruption of chemother-
apy has been suggested to improve the clinical 
 manifestations [2]. The roles for corticosteroids, anti-
inflammatory agents, or inhibitors of cytokines or 
 leukotrienes have not been well defined [2]. Supportive 
care, including mechanical ventilation, seems to be the 
most important therapeutic intervention. Given the 
presence of alveolar hemorrhage, we recommend an 
aggressive blood transfusion strategy (hemoglobin 
level above 10 g/L and platelet count above 50 G·109/L), 
especially if invasive mechanical ventilation is 
required [10].
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Primary pulmonary lymphoma (PPL) is defined as 
clonal lymphoid proliferation affecting one or both 
lungs (parenchyma and/or bronchi) in a patient with no 
detectable extrapulmonary involvement at diagnosis or 
during the subsequent 3 months [1, 2]. When the lung 
is the principal tumor site, the other sites of involve-
ment may be diverse: [1] multifocal inside lung; [2] 
pulmonary with satellite nodes (hilar or mediastinal) 
and [3] pulmonary with multi-organ involvement. 
These different clinical presentations are associated to 
the distinct histological subtypes, respectively [2, 3]: 
(a) the extranodal marginal zone lymphoma (MZL) of 
mucosa-associated lymphoid tissue (MALT lym-
phoma), (b) diffuse large B cell lymphoma (DBCL), 
and (c) lymphomatoid granulomatosis (LG), which is 
much rarer. T-cell lymphoma may occur in lung, either 
as a primitive site or as a secondary site after dissemi-
nation from extrapulmonary T-cell lymphoma. This 
general review aims to clarify the pathophysiological, 
diagnostic, prognostic, and therapeutic features of pul-
monary MALT lymphoma.

40.1  Terminology

Extranodal MZL of mucosa-associated lymphoid tis-
sue (MALT lymphoma) is the most common indolent 
B-PPL [4]. The cell of origin is thought to be identical 
to the other subtypes of MZL, i.e., nodal and splenic 
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subtypes [4]. However, clinical presentation and cyto-
genetic characteristics are different [5–9]. These 
 lymphomas represent 8% of diagnosed cases of NHL 
[10], making them the third most common histological 
sub-type after diffuse large-cell B lymphomas and fol-
licular lymphomas [6].

40.2  MALT Lymphoma

40.2.1  Marginal Zone and Bronchial 
Mucosa-Associated Lymphoid 
Tissue

In terms of anatomy, the marginal zone (MZ) was first 
described in the spleen [11] and was recognized as 
MZ-like in organs, such as Peyer patch, nodes, or 
MALT. Functionaly B-lymphocytes of MZ are mem-
ory B cells, involved in T-dependent or T-independent 
immune responses.

MALT is a lymphoid tissue that is specialized in 
defending the mucosa [2]. It was first described in the 
digestive tract (GALT) in animal models, and later in 
the ileum in humans. It consists of Peyer’s patches, the 
lamina propria, and intraepithelial lymphocytes. 
Peyer’s patches are mucosal nodules of lymphoid tis-
sue, the structure of which is similar to that of lymph 
node lymphoid follicles, though the B cell MZ is more 
fully developed. The lamina propria contains T lym-
phocytes and plasma cells that secrete IgA. 
Intraepithelial lymphocytes are of T and CD8+ pheno-
type. The stomach is the organ that is most frequently 
affected by MALT-type lymphomatous disease, and 
the stomach model can be extrapolated to other loca-
tions of MALT-type MZL, such as the lungs.

Lymphomas of the MZ generally appear to be asso-
ciated with chronic antigen stimulation, frequently 
from microbial origin [12]. This is an unusual model of 
lymphoproliferation, in which the infectious agent 
does not infect lymphoid cells and does not directly 
transform them, unlike lymphomas associated with the 
EBV, HHV8, or HTLV1 viruses. In MZLs, the infec-
tious agent increases the risk of lymphomatous trans-
formation via chronic stimulation of antigen-specific B 
lymphocyte proliferation. Under normal circumstances 
there is no MALT in the stomach. In cases of chronic 
antigen stimulation, for example, in Helicobacter 
pylori infection, MALT develops, which can later 
undergo lymphomatous transformation starting in the 

B lymphocytes in the MZ. The malignant B cell clone 
requires the presence of H. pylori antigen in order to 
multiply. For this reason, H. pylori is present in the 
majority of gastric biopsies from patients with gastric 
MALT lymphoma. The incidence of gastric lymphoma 
is higher in regions in which H. pylori is endemic, and 
the seroprevalence of H. pylori is greater in patients 
with gastric lymphoma than in control patients who do 
not have lymphoma. Finally, eradication of H. pylori 
leads to complete and prolonged disease remission in 
80% of early-stage gastric lymphoma cases [13]. Other 
infectious agents have been suggested as possible can-
didates for causes of MALT lymphoma in other sites, 
such as Borrelia burgdorferi (the agent that causes 
Lyme disease) for skin lymphoma [12, 14], Chlamydia 
psittaci for orbital lymphoma, and Campylobacter 
jejuni for small-intestine lymphoma, formerly known 
as alpha-chain disease or Mediterranean lymphoma 
[15]. Chronic antigen stimulation may be of autoim-
mune origin. MALT lymphomas in the salivary glands 
and thyroid are observed more frequently in patients 
with Sjögren’s syndrome or Hashimoto’s thyroiditis. A 
recent meta-analysis looked at the link between auto-
immune diseases and lymphoma, examining the data 
from 29,423 patients involved in 12 case control stud-
ies [16]. This meta-analysis confirms that patients with 
Sjögren’s syndrome or lupus have an increased risk of 
MZ lymphoma. Primary or secondary Sjögren’s syn-
drome was associated with a 6.5-fold increased risk of 
lymphoma in general, a 1,000-fold increased risk of 
parotid gland MZ lymphoma, and a fivefold increased 
risk of lymphoma in other extranodal sites. Lupus was 
associated with a 2.7-fold increased risk of lymphoma 
in general and a 12.9-fold increased risk in extranodal 
lymphoma (after deduction of cases of secondary 
Sjögren’s syndrome).

No antigen was identified in the lungs. A recent 
study examined detection of C. pneumoniae, tracho-
matis and psittacci DNA, and the DNA of Mycoplasma 
pneumoniae, using PCR on tissue from patients with 
pulmonary MALT lymphoma (n = 69), using other pul-
monary lymphoproliferative disorders (LPD) (n = 30) 
and tissue free from LPD (n = 44) as control specimens 
[17]. Chlamydiae sp. DNA was detected more fre-
quently in MALT tissue than in non-LPD tissue, but 
the difference was not statistically significant. M. pneu-
moniae DNA was not detected.

Finally, conditions in which there is chronic antigen 
stimulation, such as systemic lupus erythematosus, 
multiple sclerosis, Hashimoto’s thyroiditis, and, in 
particular, Sjögren’s syndrome, are also recognized as 
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factors that can lead to development of MALT-type 
pulmonary lymphoma.

40.2.2  Molecular Basis

The cytogenetic abnormalities that characterize MALT 
lymphomas have been known for several years 
(Table 40.1). Their frequency and type vary depending 
on the lymphoma site, and possibly depending on the 
patient’s geographical location. These are trisomy 
3 and 18, as well as various translocations. Translocation 
t(11;18)(q21;q21) is the most common abnormality 
and is specific to MZLs of the MALT type. It is found 
in 42% of pulmonary cases, 22% of gastric cases, and 
15% of intestinal cases [18]. It is in most cases absent 
if disease is in the thyroid, salivary glands, or liver. 
This translocation is associated with a risk of greater 
dissemination, resistance to antibiotic treatment for 
H. pylori, and less risk to histological progression. It 
corresponds to a fusion of the API2 gene (apoptosis 
inhibitor 2), which is situated on chromosome 11, and 
of the MALT1 gene (MALT lymphoma-associated 

translocation), which is situated on chromosome 18. 
The t(1;14)(p22;q32)/IGH-BCL10, t(14;18)(q32;q21)/
IGH-MALT1 and t(3;14)/IGH-FOXP1 translocations 
are rarer and are particularly found when disease is 
located in the gastrointestinal tract or lungs [18]. 
The most recently described translocation, t(3;14)
(p14.1;q32), is more frequent when disease is located 
in the thyroid. All these translocations, except the last 
one, activate the NF-kB pathway, which suggests that 
this pathway plays a role in causing MALT-type MZ 
lymphomas. These translocations are mutually exclu-
sive and can be studied with morphological techniques 
(interphase in situ hybridization to visualize the trans-
location in tumor cells), using paraffin-embedded tis-
sue or with RT-PCR (fusion transcript), most often 
using frozen specimens but also involving paraffin-
embedded tissue.

40.2.3  Epidemiology

PPL is rare, representing 0.5–1% of lung neoplasias. 
MALT-type lymphomas represent more than half of 
PPL and are the most common type of pulmonary lym-
phoma [19–21]. Age of onset is around 50–60 years 
and very occasionally those under 30 are affected 
[22, 23]. The rate of smoking (37%) is no higher 
among these patients than in the general population 
[21]. Women are affected as often as men. The pres-
ence of immune system disorder is a predisposing fac-
tor for development of MALT-type PPL. In a recent 
study, 16% of patients had an autoimmune disease at 
the time of diagnosis [21].

40.3  Clinical and Radiological Signs 
of Pulmonary MALT Lymphoma

In nearly half of the cases, patients are asymptomatic, 
and investigations are initiated because of an abnormal 
lung finding on X-ray. If symptoms are present, they 
are non-specific (cough, minimal dyspnea, chest pain, 
and sometimes hemoptysis). On pulmonary ausculta-
tion, there are crackles in less than 20% of cases. 
General signs (fever or weight loss) are observed in 
less than a quarter of patients, particularly in aggres-
sive forms [22, 23]. The usual radiological appearance 
is alveolar opacity, which is localized, less than 5 cm 

Cytogenetic 
abnormality

Site (frequency)

t(11;18)(q21;q21) Lung (30–50%)

API2-MALT1 Intestine (~40%)

Stomach (5–30%)

Ocular adnexa (0–5%)

t(14;18)(q32;q21) Ocular adnexa, skin, salivary 
glands, liver (frequent)

IgH-MALT1
Lung (10%)

Stomach (rare)

t(1;14)(p22;q32) Stomach (5%)

BCL10-IgH Lung (rare)

t(3;14)(p14.1;q32) All sites (10%)

FOXP1-IgH Thyroid (50%)

Ocular adnexa (20%)

Skin (10%)

Trisomy 3, 12, 18 Intestine

Salivary glands

Ocular adnexa

Other

Table 40.1 Main cytogenetic abnormalities involved in marginal 
zone lymphomas (From [14])
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in diameter, and associated in nearly 50% of cases with 
air bronchogram [24–29]. CT scanning (see Fig. 40.1), 
which is more sensitive than standard X-ray, has shown 
that lesions are most often bilateral (60–70% of cases) 
and multiple (70–77% of cases) [30, 31] and that there 
is almost always a clear patch within each lesion, cor-
responding to the intact bronchial lumen. Presence of 
distended bronchi within the lesions is suggestive of 
diagnosis [31]. In less than 10% of cases, there are dif-
fuse reticulonodular opacities in both lungs, atelectasis 
or pleural effusion [24–27, 29]. Hilar or mediastinal 
lymphadenopathy may be present on CT scanning [24, 
26]. The mean time between initial clinical or radio-
logical findings and diagnosis is 9 months, ranging 
between 15 days and several years (8 years) [21, 24–
28, 32].

40.4  Diagnostic Approach

The diagnostic approach to a patient who has pulmo-
nary lesions that are suspicious for involvement could 
require different modalities to provide sufficient tissue 
to diagnose lymphoma and classify the lymphoma and 
to exclude other inflammatory conditions and malig-
nancies. Tissue biopsy is the gold standard for diagno-
sis. Samples will be analyzed for histology assessment, 
paraffin section immunohistochemistry, and molecular 
genetic analysis (PCR for immunoglobulin gene rear-
rangements). These modalities could also provide cells 
for cytological examination and flow cytometry. 
Diagnostic approaches are going from the minimally 
invasive technique such as bronchoscopy to the highly 
invasive thoracotomy with surgical biopsies.

Fig. 40.1 MALT-type pulmonary lymphoma. Chronic alveolar opacity of the left upper lobe with air bronchogram. Chest X-ray 
(panel A) and CT scan (B and C)
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40.4.1  Contribution of Bronchoscopy

Macroscopic findings of bronchoscopy are usually 
normal [24]. Abnormalities, from inflammatory mucosa 
to bronchial stenosis, may be observed [24, 29]. 
Bronchial biopsies are more fruitful when they are car-
ried out on endobronchial lesions. Transbronchial 
biopsies must be guided by the topography of abnor-
malities seen on CT scanning [24]. In a recent series, 
the sensitivity of bronchial and transbronchial biopsy 
was 31% and 88%, respectively [21]. Bronchioloalveolar 
lavage may play a major role in the differential diagno-
sis of chronic alveolar opacity, showing the absence of 
tumor cells that could be seen in other malignancies, 
such as bronchoalveolar carcinoma or of pathogens 
seen in chronic infections. Presence of lymphocytic 
alveolitis could also suggest the diagnosis of PPL [33]. 
This lymphocytosis, which is most often of T pheno-
type, does not appear to have specific characteristics 
unless more than 10% B-lymphocytes are present [24, 
29, 34, 35]. Morphological analysis of lymphocytes 
from lavage could sometimes reveal monocytoid or 
plasmacytoid cells. The diagnostic value of this 
B-lymphocyte alveolitis is greater if the clonality can 
be demonstrated by clonal rearrangement of immuno-
globulin genes using molecular biology techniques 
[36–40]. However, a negative result does not exclude 
the diagnosis. In a recent study, involving 35 patients 
with MALT-type PPL, 84% of patients had more than 
15% lymphocytic alveolitis. B-lymphocytes were more 
than 10% of total alveolar lymphocytes in cases for 
which phenotyping was available. Clonality analysis 
identified a B-cell clone in 71% of them [21].

40.4.2  Contribution of Other Diagnostic 
Alternatives

If there is no specific lesion seen on such specimens, 
CT-guided aspiration and biopsy must be considered, 
especially for peripheral nodules or masses. Sensitivity 
of this test was 80% in series [21]. Diagnostic surgery 
may be carried out as last resort. It is an invasive proce-
dure that requires significant effort, expense, and post-
biopsy recovery time for the patient. However, surgery 
provides larger biopsy samples than the less invasive 
procedures. In certain situations, lymphomas are mor-
phologically and immunophenotypically complex, and 

are associated with reactive elements (non-neoplastic 
reacting T cells, granulomas, amyloid, fibrosis, etc.) 
such that they are not diagnosable in small sample size 
biopsies. Lastly, surgical biopsy in case of a localized 
lesion will allow radical treatment at the same time.

40.4.3  Diagnostic Criteria

Diagnosis of MALT-type PPL is made on the basis of 
histology and is based on analysis of tumor tissue.

40.4.3.1  Results of Conventional Histology 
Analysis

The macroscopic appearance is of a whitish mass, 
which is soft and poorly delimited. The microscopic 
appearance of MALT-type PPL is defined using the 
following criteria, which do not always appear in asso-
ciation [20, 25, 32, 41–43]: (1) a proliferation of neo-
plastic cells made up of small to medium-sized 
lymphocytic cells, similar to MZ cells of Peyer’s patch 
follicles or of the spleen, in the form of centrocyte-like 
cells or monocytoid or plasmacytoid cells; (2) pres-
ence of a lymphoepithelial lesion with migration of the 
lymphoid cells of the MZ into the bronchiolar epithe-
lium; (3) reactive follicular hyperplasia, sometimes 
with the appearance of follicular colonization; and (4) 
in rare cases, blast cells. The neoplastic cell population 
is located interstitially, in the alveolar and bronchiolar 
walls [44] (see Fig. 40.2). Because of the density of the 
lesions, they tend to collapse the residual alveoli rather 
than invading the lumen, and they destroy the pulmo-
nary architecture. Some more distinctive appearances 
should be recognized, such as forms with amyloid or 
granulomatous deposits, presence of lymphatic inva-
sion [43–47], and, finally, fibrosis of varying degrees 
[44], but these features are not key diagnostic 
element.

40.4.3.2  Contribution of Immunohistochemistry

Immunohistochemistry analysis on paraffin-embedded 
tissue contributes to a positive and differential 
 diagnosis of MALT-type PPL. It identifies a CD20 
B-cell phenotype [20, 25, 27, 28, 32, 42–44, 48] 
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(see Fig. 40.2) with coexpression of CD43 and deter-
mines clonality by showing immunoglobulin light 
chain monotype [49, 50] in the lymphocytic infiltrate, 
which invades follicular structures and damages the 
bronchial/bronchiolar epithelium (see Fig. 40.2). 
These B lymphocytes also express CD79 (particularly 
if there is plasmacytic differentiation) and bcl-2 [43]. 
This technique also reveals, by showing whether there 
are persistent dendritic cells (CD21, CD35) [32, 42, 
44], whether follicles have been destroyed within the 
tumor proliferation and whether there are usually 
small reactive T-lymphocytes (CD3) within the pari-
etal alveolar infiltrate and around the peribronchiolar 
nodules [42, 44]. In particular, it can be used to rule 
out indolent lymph node lymphoma (follicular NHL-
B, mantle NHL-B, and CLL-type lymphoma) if there 
is a negative result for the expression of surface anti-
gens CD5, CD10, and CD23 [42, 44, 51, 52], cyclin 
D1, and bcl-6.

40.4.3.3  Contribution of Molecular Biology

Current molecular biology techniques involve PCR on 
frozen tissue or cells or paraffin-embedded tissue 
(sometimes with prior microdissection). These help to 
determine clonality by showing how the immunoglob-
ulin repertoire is restricted.

Each normal mature B cell has rearranged immuno-
globulin heavy and light chain genes. Since all of the 
neoplastic cells in B cell lymphoma are thought to 
derive from a single cell that undergoes neoplastic 

transformation and then proliferates, all of the cells 
would have identical immunoglobulin gene rearrange-
ments. This is the property of B cell populations that is 
assessed by PCR analysis of immunoglobulin heavy 
and light chain gene rearrangements. PCR can also be 
used to detect the fusion genes that result from chro-
mosomal translocations in MALT lymphoma. FISH 
(fluorescence in situ hybridization) techniques can rec-
ognize the involved genes in the chromosomal translo-
cations and can detect extra copies of chromosomes 
3, 8, and 18 that are common in MALT lymphomas. 
Lastly, FISH relies on the use of probes on immuno-
globulin kappa and lambda light chain mRNA to deter-
mine if the B cell and plasma cell populations of 
interest express both kappa and lambda light chain 
mRNA (polyclonal) or show light chain mRNA restric-
tion (clonal).

40.5  Differential Diagnosis: 
Clinical and Pathological

In clinical terms, the problem is how to identify a diag-
nosis of MALT-type PPL from a radiological finding 
of chronic diffuse or localized alveolar opacity, which 
can correspond to one of many etiologies (Tables 40.2 
and 40.3).

In terms of histology, particularly with a small 
specimen, the difficulty is to distinguish MALT-type 
NHL from diffuse lymphoid hyperplasia or lympho-
cytic interstitial pneumonia (LIP) on transbronchial 

Fig. 40.2 MALT-type pulmonary lymphoma. Panel A: 
Proliferation in peribronchovascular interstitium (arrowhead: 
septa; arrow: vascular lumen). Panel B: Lymphoepithelial 

lesion, with bronchiolar epithelium masked or partially destroyed 
by lymphoid infiltrate. Residual epithelial cells shown using 
anticytokeratin antibody
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biopsy, follicular bronchitis (FB) or chronic aspecific 
inflammatory reaction on bronchial biopsy, or lym-
phoid nodular hyperplasia on transthoracic biopsy 
[43, 53]. A finding of intraepithelial lymphocytic infil-
trate with dual CD20/CD43-positive phenotype is a 
significant argument in favor of MALT lymphoma 
[43]. This discussion may seem artificial to clinicians, 
however, as the X-ray and clinical presentation of these 
conditions differs from that of MALT-type PPL [54].

40.6  Pretreatment Staging

Lymph node lymphoma with secondary dissemination 
to the lungs can be ruled out using CT scan of the 
chest, abdomen, and pelvis with contrast injection. 
Bone marrow biopsy is essential and will show whether 
there are any signs of bone marrow involvement, which 

was present in 13–30% of patients in a MALT 
 lymphoma series [8, 21, 55–57]. Similarly, concomi-
tant disease in other mucosa-associated lymphoid sites 
is present in 25–35% of cases [56–58] and is more fre-
quent in non-digestive MALT lymphomas. In a recent 
study of 63 MALT-type PPLs, extrapulmonary involve-
ment was found in around half of the cases, with stom-
ach involvement in one third of cases and bone marrow 
involvement in 14% of cases [21]. Assessment of other 
mucosa sites should include ophthalmological and 
ENT examination (MRI or ultrasound of the salivary 
and lacrimal glands if in doubt), gastroscopy, and 
colonoscopy (and in some cases, small bowel transit 
study).

Positron emission tomography using 18-fluorode-
oxyglucose (PET-FDG) has not been studied in detail. 
Sensitivity and specificity do not seem to be as high 
as for staging of aggressive lymphomas. In addition, 
the sensitivity and specificity of PET-FDG vary 

Frequent causes

Bacterial or viral pneumonia, slow to resolve

Organizing pneumonia

Tuberculosis

Pulmonary infarction

Pulmonary contusion

Localized pulmonary edema

Less frequent causes

Bronchioloalveolar carcinoma

Pseudo-alveolar sarcoidosis

Hypersensitivity lung disease

Lymphoma

Alveolar proteinosis

Radiation-induced lung disease

Eosinophilic lung disease

Alveolar hemorrhage

Bacterial pneumonia involving slow-growing organisms 
(nocardiosis, actinomycosis)

The diagnoses in italics are those that are most often evoked, 
because of their subacute clinical onset

Table 40.2 Main etiologies to be considered in cases of chronic 
single or multiple alveolar opacities

Frequent causes

Metastasis (ENT cancer, cervical or testicular cancer, 
choriocarcinoma)

Septic metastases (endocarditis)

Tuberculosis

Post-embolism pulmonary infarction

Less frequent causes

Wegener’s granulomatosis

Sarcoidosis, which may be necrotizing

Rheumatoid arthritis

Benign granulomatous and lymphocytic vasculitis

Lymphomatoid granulomatosis, lymphoma

Bacterial pneumonia involving slow-growing organisms 
(nocardiosis, actinomycosis)

Invasive or semi-invasive aspergillosis, other mycoses: 
cryptococcosis, American histoplasmosis

Multiple chondromatous hamartomas

Multiple hydatid cysts

Amyloidosis

Pneumoconiosis

The diagnoses in italics are those that are most often evoked in 
the context of extrapulmonary signs and excavation visible on 
X-ray

Table 40.3 Main etiologies to be considered in cases of multiple 
nodular opacities, which may be excavated
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depending on the organ that is being considered. 
Assessment of the stomach appears to be associated 
with excessive false negatives, and sensitivity of PET-
FDG is between 50% and 89% [59–61]. Assessment 
of pulmonary disease produces better results, with 
sensitivity of between 80% and 100% [62, 63]. PET-
FDG does not seem to assess bone marrow involve-
ment well; neither of the two patients with bone 
marrow involvement in the recent series of 63 MALT-
type PPL patients had pathological hyperfixation 
[21]. Plasmacytic differentiation seems to be associ-
ated with better sensitivity [60].

The only laboratory tests that are useful in pretreat-
ment screening are LDH and serum electrophoresis 
and immunoelectrophoresis. Monoclonal gammopa-
thy, in eight in ten cases of IgM type, is found in 
20–60% of cases, particularly if there is plasmacytic 
differentiation [24, 26–28] and seems to be detected 
more frequently in cases of extrapulmonary disease 
[21]. Increased b

2
 microglobulin seems to be an inde-

pendent poor prognostic factor [57].

40.7  Progression, Prognosis, 
and Treatment

40.7.1  Progression and Prognostic 
Factors

In general, the prognosis for patients with MALT lym-
phomas is good, with overall 5-year survival rates that 
are greater than 80% and median survival of >10 years 
[20, 24–28, 32, 46, 56–58, 64]. It has been demon-
strated that overall survival is longer for MALT-type 
PPL than for nodal and spleen MZ lymphomas [8]. 
Conversely, however, it has not been demonstrated that 
survival of patients with MALT-type PPL is equivalent 
to that of the general population [19, 46]. Median sur-
vival of MALT-type PPL of the digestive tract does not 
differ from disease in other sites, but progression-free 
survival seems to be shorter for disease in other sites, 
particularly in the lungs [55]. A long period of moni-
toring is required, because it is common for disease to 
recur at a late stage (almost 50% of cases experience 
disease recurrence after more than 2 years), either in 
the same location or outside the thoracic region, fol-
lowing surgical resection [24, 28, 32, 46, 48].

Prognostic factors for MALT-type lymphomas have 
not been clearly demonstrated. In a multivariate analy-
sis, studying disease in all sites, the following were 
found to influence prognosis: in one study, elevated b

2
 

microglobulin [57] and stage IV in the Ann Arbor clas-
sification in another [65]. In a series of 63 patients with 
pulmonary MALT lymphoma, poor prognostic factors 
for overall survival were age and performance status, 
and for progression-free survival the prognostic fac-
tors were cyclophosphamide or anthracycline-based 
chemotherapy in comparison to chlorambucil [21]. 
In another retrospective series, this time involving 
48 patients, no prognostic factors were demonstrated 
[66]. Time to diagnosis, disease presentation, whether 
the lesions were bilateral or not, postoperative classifi-
cation, surgery, and extrapulmonary involvement were 
not found to be prognostic factors [19, 21]. In terms of 
histology, amyloid deposits within the tumor seem to 
signal poor prognosis, while lymphoepithelial lesions 
indicate a good prognosis [19].

Transformation of MALT-type PPL into large B-cell 
lymphoma [67] is suggested by the fact that the two 
histological subtypes may be observed on sequential 
biopsies in one single patient, with identical rearrange-
ments of the Ig genes and accumulation of genetic 
abnormalities [18, 20, 26, 28, 42, 44, 68]. Of note, the 
t(11;18) translocation has only been observed primar-
ily in MALT-type PPLs [18, 69] and not in transformed 
forms [18].

40.7.2  Principles Underlying Treatment

There are no current written treatment guidelines. As 
no microorganism has been identified that plays the 
role that H. pylori does in gastric lymphoma, we are 
unable to use effective antibiotic treatment for cases 
of MALT-type pulmonary lymphoma. Treatments 
currently used are surgery, chemotherapy, and radio-
therapy [22, 23]. It is not possible to analyze the 
respective levels of effectiveness of these treatments, 
because of the lack of comparative groups; non-
treatment can even be considered [32]. Nevertheless, 
surgical resection is commonly carried out if the 
lesion is localized [24–29, 32, 48]. Use of chemo-
therapy alone is permitted in cases of bilateral or 
extrapulmonary disease, or of disease recurrence or 
progression; multiple-agent chemotherapy treatment 
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such as CHOP has not been shown to be superior to 
single-agent chemotherapy treatment using chloram-
inophene, cyclophosphamide, azathioprine, or corti-
costeroid [24, 26, 27, 32]. A recent study showed 
that progression-free survival was greater in the 
group treated with chlorambucil compared with 
those treated with cyclophosphamide or anthracy-
clin-based chemotherapy [21]. Anti-CD20 monoclo-
nal antibodies (Rituximab) are effective and have a 
70% response rate in MALT in all sites [70], but 
have a high disease recurrence rate (36%). 
Consolidation studies involving anti-CD20 and com-
binations of anti-CD20 and other first-line chemo-
therapy agents such as chloraminophene are currently 
ongoing. MALT-type PPLs are also sensitive to flu-
darabine, a purine analog [71], and to bortezomib, a 
drug that targets the NFB [72] pathway, though indi-
cations for these treatments still need to be defined. 
Finally, radiotherapy is little used to treat pulmonary 
forms of this disease [20, 26–28].

40.8  Conclusion

Significant progress has been made in identifying 
the pathophysiology of primary pulmonary lym-
phomas. No infectious agent has been isolated that 
plays a role in the development of MALT-type pul-
monary lymphomas, as has been demonstrated for 
H. pylori in gastric MALT lymphomas. Diagnosis 
of clonal LPD has also greatly benefited from 
immunohistochemistry and molecular biology; 
these techniques should be more widely evaluated, 
in particular using small endoscopic specimens, in 
order to spare patients thoracotomy procedures that 
are sometimes performed purely for diagnostic pur-
poses. In the absence of randomized trials involving 
pulmonary lymphoma specifically, treatment is the 
same as that offered for lymphomas of similar his-
tology, whether MALT-type or large B-cell. In the 
absence of disseminated disease and respiratory 
contraindications, surgery or radiotherapy should 
be considered. Otherwise, chlorambucil, given as a 
single-agent chemotherapy, remains the gold-stan-
dard treatment. On a case-by-case basis, consid-
eration can be given to simply monitoring the 
patient.
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41.1  Introduction

Acute respiratory failure (ARF) is a major cause of 
morbidity in cancer patients. At least one respiratory 
complication occurs in about 20% of patients with 
solid tumors or hematological malignancies and in 
nearly half the patients with neutropenia or bone mar-
row transplantation [1, 2]. ARF, together with shock, is 
the most common organ failure leading to ICU admis-
sion in neutropenic patients. In these patients, ARF 
often stems from a combination of factors that may be 
closely intertwined, such as infection and cardiogenic 
edema or alveolar hemorrhage.

Neutropenia recovery may be associated with an 
increased risk of deteriorating oxygenation and of 
exacerbation of prior acute lung injury resulting from 
infectious or noninfectious causes. Overall, 104 cases 
of respiratory failure during neutropenia recovery have 
been reported. Recent studies have more clearly evalu-
ated the prevalence, risk factors, and outcomes associ-
ated with respiratory failure at the onset of neutropenia 
recovery.

Here, we review the evidence suggesting that neu-
tropenia recovery may be associated with exacerbation 
of ARF, and we will discuss the factors suspected to be 
associated with respiratory failure during neutropenia 
recovery.

41.2  Clinical Presentation 
and Risk Factors

Neutropenia recovery is clinically silent in the vast 
majority of patients. However, respiratory failure has 
been reported during neutropenia recovery [3, 4], that 
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is, during the 2–3 days preceding and following, the 
neutrophil count increases to 500/mm3 or leukocyte 
count increases to 1,000/mm3 (Fig. 41.1) [4, 5]. Both 
clinical and experimental findings suggest that granu-
locyte colony-stimulating factor (G-CSF) may exacer-
bate the clinical consequences of neutropenia recovery 
[5, 6]. The development of lung infiltrates during the 
neutropenic period is a risk factor for acute lung 
injury/acute respiratory distress syndrome (ALI/
ARDS) during neutropenia recovery (Table 41.1) 
[4–6]. Other suggested risk factors include delayed or 
prolonged neutropenia [4], a fast rate of neutrophil 
recovery [7], and invasive pulmonary aspergillosis 
[7]. Overall, the prevalence of respiratory failure dur-
ing neutropenia recovery may be as high as 50% in 
high-risk patients [8].

Respiratory failure during neutropenia recovery 
usually presents as ARDS [4]. Radiographic changes 
are always present at the onset of ARF and usually 
consist in bilateral alveolar infiltrates (two thirds of the 
patients) [4, 5]. Interstitial pneumonia, pleural effu-
sion, or nodules may occur less frequently [4, 5]. 
Finally, patients with invasive aspergillosis may expe-
rience hemoptysis or pneumothorax [7].

Among patients with ARF during neutropenia 
recovery, 75–90% require invasive or noninvasive 
mechanical ventilation [4, 5, 8]. When bronchoalveo-
lar lavage is performed, alveolar macrophages are 
always the predominant cell type [4]. The rates of neu-
trophil counts above 10% and alveolar hemorrhage are 
lower than 20% [4].

In the three largest cohorts reported in the  literature, 
ARF at the onset of neutropenia recovery carried a 
poor outcome, with a 66% ICU mortality rate (51 of 
79 patients) [4, 5, 8]. In addition, ARF at neutropenia 
recovery onset was an independent risk factor for 
death [8].

41.3  Evidence Supporting a Risk 
of Respiratory Failure During 
Neutropenia Recovery

Although several studies described cases of ARF dur-
ing neutropenia recovery, none demonstrated a causal 
relationship between neutropenia recovery and ARF. 
In addition, no large-scale prospective study has evalu-
ated the prevalence of ARF during neutropenia recov-
ery. Five strong arguments support the existence of an 
increased risk of ARDS during neutropenia recovery: 
a large proportion of patients who experience pneumo-
nia during the neutropenic period exhibit substantial 
respiratory deterioration during neutropenia recovery; 
the ALI/ARDS rate in neutropenic patients with pneu-
monia is far higher during than before or after neutro-
penia recovery; several groups in different parts of the 
world have described cases of ALI/ARDS during neu-
tropenia recovery; experimental studies in neutropenic 
rats have replicated the occurrence of ALI/ARDS dur-
ing neutropenia recovery and suggested reasonable 
pathophysiological hypotheses; the occurrence of ALI/
ARDS is clinically plausible, as neutropenic cancer 
patients have a well-established predisposition to lung 
disease and infections [9] that is related to lung toxic-
ity from cancer chemotherapy agents and G-CSF and, 
in some patients, to lung involvement by the malig-
nancy. Nevertheless, although these arguments support 
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and total leukocyte count (diamonds) during the 5-day period 
centered on the day of neutropenia recovery (D0) (From [5]. 
With permission)

Delayed neutropenia (time from cancer chemotherapy to 
neutropenia >10 days) [4]

Prolonged neutropenia (neutropenia duration >10 days) [4]

Fast neutrophil recovery [7]

Clinically or microbiologically documented infection [4–6]

Aspergillosis [7]

G-CSF use [5, 6]

Table 41.1 Risk factors for respiratory failure during neutropenia 
recovery
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the existence of a risk of respiratory failure following 
neutropenia recovery, we need large prospective stud-
ies to demonstrate that an association exists between 
these two events.

41.4  Pathophysiology

Cancer chemotherapy is administered every day to 
numerous patients, many of whom experience neutro-
penia as one of the expected adverse events [10]. In 
patients with neutropenia, the risk of bacterial sepsis is 
of grave concern [11, 12]. The main sites of bacterial 
infection are the lungs, gastrointestinal tract, and 
bloodstream [12–15]. Prolonged neutropenia, for 
instance, in patients with acute leukemia or recipients 
of stem cell or bone marrow transplants, promotes the 
occurrence of non-bacterial infections [16, 17]. 
Although neutrophils are believed to play a pivotal role 
in the pathophysiology of ALI and ARDS, convincing 
evidence has accumulated since the 1980s that ALI/
ARDS can occur in patients with severe neutropenia 
[18–21]. Hypotheses put forward to explain the occur-
rence of apparently neutrophil-independent ALI/
ARDS involve deactivation of macrophages [22] or 
monocytes [23] caused by the malignancy, cancer che-
motherapy, and sepsis. Neutropenia recovery and 
G-CSF treatment have been suspected to exacerbate 
previous lung injury, possibly via accumulation of 
neutrophils in the lungs [24, 25]. However, during 
respiratory failure following neutropenia recovery, 
macrophages, but not neutrophils, were recovered 
from bronchoalveolar lavage fluid, suggesting that ALI 
during neutropenia recovery may be nosologically 
similar to ARDS during neutropenia [18, 20]. In a 
lamb model of experimental lung injury, G-CSF 
enhanced alveolar neutrophil functions, increasing 
both cytokine production and the oxidative burst 
[26, 27]. G-CSF upregulates the production of cytok-
ines that increase alveolar permeability or neutrophil 
influx, such as tumor necrosis factor-a, interleukin-1b, 
and IL-8 [28, 29]. In vitro studies also found enhanced 
secretion of pro-inflammatory cytokines by isolated 
alveolar macrophages obtained during neutropenia 
recovery from rats that received G-CSF, compared 
with rats that did not receive G-CSF, providing a pos-
sible explanation for lung injury exacerbation during 
G-CSF-induced neutropenia recovery [6].

41.5  Conclusions

Early recognition of patients at high risk for ALI/ARDS 
during neutropenia recovery may help to improve out-
comes. Risk factors in each individual patient should 
be assessed routinely, as the first ARDS symptoms may 
antedate the increase in leukocyte counts. A high degree 
of suspicion for this complication should be maintained 
in patients with clinically or microbiologically docu-
mented pneumonia complicating neutropenia who are 
at higher risk for respiratory failure during neutropenia 
recovery. Since G-CSF may increase the risk of respi-
ratory failure in these patients, the risk/benefit ratio of 
G-CSF should be carefully evaluated [30]. When 
G-CSF is used, we believe that it is imperative that 
G-CSF be discontinued as soon as bone marrow func-
tion improves (neutrophils >500/mm3).

Despite recent studies, several questions remain 
unanswered. First, all of the recent studies were per-
formed in critically ill patients. Therefore, risk factors 
for respiratory failure at the onset of neutropenia 
recovery have not been evaluated in the overall popula-
tion of oncology and hematology patients, nor has the 
incidence of respiratory failure at the onset of neutro-
penia recovery been evaluated in an unselected popu-
lation of cancer patients. Information regarding this 
event is therefore scarce and mainly related to a spe-
cific subgroup of critically ill patients. Last, although a 
previous study suggested a high risk of respiratory fail-
ure during neutropenia recovery in patients with inva-
sive aspergillosis [7], this finding was not confirmed 
by more recent studies. Further studies are therefore 
required to clarify the incidence of respiratory failure 
at the onset of neutropenia recovery in the general pop-
ulation of cancer patients, to describe risk factors, and 
to further explore the impact of invasive aspergillosis 
on this event.
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Case Presentation

A 20-year-old man patient with de novo acute myelog-
enous leukemia (AML) was induced into complete 
remission with chemotherapy consisting of idarubicin 
and cytarabine. After consolidation with high-dose 
cytarabine, he later received conditioning with cyclo-
phosphamide 60 mg/kg/day intravenously for 2 days 
and fractionated total body irradiation (TBI) 1,200 cGy 
followed by allogeneic hematopoietic cell transplant 
(HSCT) using a HLA-identical sibling donor. Graft-
versus-host disease (GVHD) prophylaxis consisted of 
tacrolimus and short-course methotrexate. His clinical 
course was uncomplicated, but after withdrawal of 
immunosuppression he developed extensive chronic 
GVHD involving skin and liver. This complication 
was controlled with the re-institution of tacrolimus.

Surveillance pulmonary function testing completed 
180 days after HSCT showed evidence of mild reduc-
tions in forced expiratory volume in 1 s (FEV

1
) with 

preservation of forced vital capacity (FVC). Follow-up 
study revealed significant and rapid worsening of 
obstructive lung disease (OLD) despite resolution 
of hepatic and skin GVHD and continued prophy-
laxis against viral, fungal and Pneumocystis infections 
using acyclovir, fluconazole and trimethoprim- 
sulfamethoxazole, respectively. Reductions in pulmo-
nary function ultimately were associated with shortness 
of breath and dyspnea with exertion. Subsequent 
workup revealed ground-glass opacities with air trap-
ping on chest computed tomography (CT) scan and 
evidence of progressive AFO on pulmonary function 
testing based on reduction of FEV

1
 (50% of predicted 

normal), a ratio of FEV
1
 to FVC of 0.64 and a residual 

volume of 1.52 L (157% of predicted normal). 
Bronchoalveolar lavage was negative for infection. 
Video-assisted thoracoscopic biopsy of the lungs 
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revealed changes consistent with bronchiolitis obliter-
ans with early fibrosis. The patient continued to receive 
tacrolimus, and ultimately a course of oral prednisone 
(2 mg/kg/day) and etanercept 50 mg subcutaneous 
once weekly was initiated. Clinical symptoms resolved 
and pulmonary function improved. He remains in com-
plete remission regarding the AML.

42.1  Introduction

Fibrosing alveolitis (FA) is a progressive and often 
fatal disorder characterized by sequential acute lung 
injury with subsequent scarring and end-stage lung 
disease. Historically, idiopathic pulmonary fibrosis 
(IPF) encompassed a heterogeneous group of histo-
logic and clinical entities arising in an idiopathic set-
ting [1]. Patients with hematologic malignancies 
treated with chemotherapy, radiation or HSCT, such as 
the patient described above, commonly develop a wide 
variety of late and chronic pulmonary dysfunction 
states [2]. These complications share many of the clin-
ical and pathologic features described in typical idio-
pathic FA.

This spectrum of pulmonary toxicity observed dur-
ing FA can be simplified by considering the time of 
diagnosis in relation to institution of therapy, whether 
the radiographic abnormalities are focal or diffuse, and 
by underlying histopathology. In addition, there are 
individual patient factors that should be considered 
when formulating a differential diagnosis. These 
include:

Radiotherapy delivered to the chest wall or as part •	
of total body irradiation (TBI)
Exposure to pulmonary- or cardio-toxic chemother-•	
apeutic agents
Current or prior immunosuppressant therapy•	
History of high-dose chemotherapy exposure prior •	
to autologous or allogeneic HSCT
History of opportunistic pulmonary infection (fun-•	
gal or otherwise)

In the case described herein, the patient was exposed 
to radiation therapy in preparation for HSCT and 
received an allogeneic graft from his HLA-matched 
sibling. While his early posttransplant course was 
uncomplicated, he developed chronic GVHD of the 

skin and liver lung after immunosuppression was 
tapered. The widespread and appropriate use of pro-
phylactic antibiotics has shifted the spectrum of pul-
monary dysfunction in HSCT recipients from infectious 
to noninfectious etiologies. This chapter will address 
the chronic lung complications that lead to pulmonary 
fibrosis and persistent organ dysfunction in each con-
text with specific focus on hematologic malignancy 
patients treated using HSCT.

42.2  Fibrosing Alveolitis Secondary 
to Pulmonary Infections

In patients with hematologic malignancies, severe lung 
infections frequently lead to the development of acute 
respiratory distress syndrome (ARDS). Bacterial infec-
tions predominate (see Table 42.1) and arise because 
of severe immune suppression inherent to these disor-
ders and their treatments. The pathology of ARDS 
involves severe alveolar epithelial cell damage, hya-
line membrane formation, and festinate myofibroblast 
proliferation and fibrosis in the intra-alveolar spaces. 
Affected HSCT recipients who deteriorate and require 
intubation and mechanical ventilation for ARDS expe-
rience a high mortality. In one series, overall intensive 
care unit (ICU) mortality was 74% [3]. In recent years, 
advancements in supportive care have resulted in sig-
nificant improvement in survival [4]. However, long-
term survivors continue to have residual lung 
dysfunction that may progress over time. In one series, 
autopsy evaluation revealed pulmonary fibrosis in 55% 
of such patients, underscoring the importance of dys-
regulated reparative mechanisms in the lung after an 
acute insult [5]. Factors influencing progression to the 
fibro-proliferative phase of ARDS versus resolution 
and reconstitution of the normal parenchymal archi-
tecture are poorly understood. Abnormal repair and 
remodeling may be profoundly affected by both envi-
ronmental and genetic factors. In this context, mechan-
ical ventilation may affect the macromolecules that 
constitute the extracellular matrix (collagen, elastin, 
fibronectin, laminin, proteoglycan and glycosamino-
glycans) and impact the biomechanical balance within 
the lung parenchyma.

Fungal infections also may follow a chronic course 
of prolonged inflammation with focal or diffuse 
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scarring ultimately resulting in significant pulmonary 
dysfunction. Invasive aspergillosis (IA) occurs fre-
quently in hematologic malignancy patients, particu-
larly after an allogeneic HSCT, presenting classically 
as angio-invasive or airway-invasive disease. Angio-
invasive IA is characterized histologically by invasion 
and occlusion of small to medium-sized pulmonary 
arteries by fungal hyphae. This effect leads to the for-
mation of necrotic hemorrhagic nodules or pleural-
based, wedge-shaped hemorrhagic infarcts. The “halo 
sign” (nodules surrounded by areas of ground-glass 
attenuation) on chest CT scan strongly suggests a diag-
nosis of IA [6].

Airway-invasive aspergillosis is characterized by 
the presence of organisms in the basement membrane 

of the bronchioles and within the airway lumen. 
Positive yield from respiratory samples such as sputa 
examination or broncho-alveolar lavage (BAL) is more 
likely in this subtype of IA than in the angio-invasive 
variety. Clinical manifestations of acute airway-inva-
sive aspergillosis include: acute tracheobronchitis, 
exudative bronchiolitis and bronchopneumonia. Using 
high-resolution CT, the associated bronchiolitis is 
characterized by the presence of peri-bronchial con-
solidation, centri-lobular micro-nodules, and branch-
ing linear or nodular areas of ground-glass attenuation 
having a “tree-in-bud” appearance [7]. This form of 
airway-invasive aspergillosis can be associated with 
pseudo-membranous necrotizing tracheal involvement 
that can cause pneumo-mediastinum and has a high 

Pre-engraftment: <3 weeks 
after HCT

Immediate post-HCT: 
3 weeks-3 months after 
HCT

Late post-HCT: >3 months 
after HCT

Risk factors Mucositis Acute GVHD and its  
therapy

Chronic GVHD and its therapy

Organ dysfunction

Neutropenia and other  
immune defects

Mucocutaneous damage Mucocutaneous damage

Cellular and humoral immune  
dysfunction

Cellular immune  
dysfunction

Hyposplenism and decreased  
opsonization

Immune modulating  
viruses

Decrease in reticuloendothelial  
function

Infecting

 Bacterial species Many gram-positive spp. including  
coagulase-negative staphylococci,  
Staphylococcus aureus, viridans  
streptococci

Listeria monocytogenes Encapsulated organisms,  
e.g., Streptococcus pneumoniae,  
Haemophilus influenzae,  
Neisseria meningitides

Legionella pneumophila

Many gram-negative spp. including  
Legionella spp, Pseudomonas  
aeruginosa, Enterobacteriaceae,  
Stenotrophomonas maltophilia

 Fungal species Candida sp. Candida sp. Aspergillus sp

Aspergillus sp. Pneumocystis jiroveci

Pneumocystis jiroveci

 Viral species Herpes simplex Respiratory viruses, CMV,  
HHV6, HHV7

CMV, HHV6, HHV7, VZV, Bk  
adenovirus, JC virus, EBV

Parasitic species Toxoplasmosis

Table 42.1 Timing of likely infections among allogeneic hematopoietic cell transplant (HCT) recipients receiving antimicrobial 
prophylaxis

HCT hematopoietic cell transplant, GVHD graft-versus-host disease, HHV6 and HHV7 human herpes virus 6 and 7, CMV cytomega-
lovirus, JC virus John Cunningham virus
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mortality [8]. Airway-invasive aspergillosis can also 
follow a chronic course known as chronic necrotizing 
aspergillosis. This condition is characterized by an 
indolent, granulomatous cavitary infection that may 
mimic reactivation of tuberculosis radiographically 
[9]. Mortality is lower compared with the other forms 
of IA and often is related to the underlying disease of 
the patient.

42.3  Fibrosing Alveolitis Secondary 
to Noninfectious Etiologies

Hematologic malignancy patients treated with che-
motherapy or chest wall radiation therapy, or those 
who proceed to receive a HSCT may develop a 
wide variety inflammatory noninfectious lung dis-
orders that ultimately may lead to pulmonary 
fibrosis.

42.3.1  Radiation Therapy

Radiation-induced lung injury first was described in 
1898, soon after the development of roentgenograms 
[10]. In 1925 the distinction between two separate 
types of radiation-induced lung injury, radiation 
pneumonitis and radiation fibrosis, was made [11]. 
An entire chapter from Drs. Gallego and Rello in 
this book is dedicated to radiation-related lung 
injury. Radiation-induced lung injury results from 
the combination of direct cytotoxicity upon normal 
lung tissue and, perhaps more importantly, the devel-
opment of fibrosis triggered by radiation-induced 
cellular signal transduction. The cytotoxic effect is 
largely a consequence of DNA damage and death in 
normal lung epithelial cells. The development of 
fibrosis that can compromise lung function is medi-
ated by a number of different cytokines. Clinically, 
the most extensively studied radiation-induced 
cytokine is transforming growth factor beta 1 
(TGF-b), which can induce fibroblast collagen depo-
sition. A normal plasma TGF-b concentration at the 
conclusion of a clinical course of radiotherapy has 
been observed to be a predictor for the risk of 

pneumonitis [12]. Other proinflammatory cytokines, 
including, but not limited to, interleukin IL-6, tumor 
necrosis factor-alpha TNFa and IL-1, are upregu-
lated immediately after irradiation. Increased IL-6 
plasma concentrations correlate with an increased 
risk of radiation-induced lung injury [13, 14]. 
Platelet-derived growth factor (PDGF) and basic 
fibroblast growth factor (bFGF) are upregulated in 
animal models of lung irradiation injury and ante-
date the development of fibrosis [15]. Factors affect-
ing the development of radiation-induced lung 
disease are numerous and are included in Table 42.2 
[16–19]; all have been reported to raise the risk of 
radiation pneumonitis.

Radiographic and bronchoscopic findings are non-
specific, and the diffusion capacity for carbon mon-
oxide (DL) typically is depressed in patients with 
radiation-induced lung damage. Long-term glucocor-
ticoids may be effective in the treatment of radiation-
associated lung injury in which COP is the leading 
pulmonary involvement; however, symptoms and 
radiographic abnormalities, as well as immunologi-
cally mediated lymphocytic alveolitis frequently 
recur with discontinuation of therapy [20, 21]. Early 
studies suggested that pentoxifylline may have a role 

●•  Method of irradiation such as conformal radiation therapy 
or specialized techniques including intensity-modulated 
radiation therapy and stereotactic body radiation therapy

●•  Volume of lung tissue irradiated

●•  Radiation dosage and time-dose factor administered

●•  Use of concurrent chemotherapy

●•  Prior thoracic irradiation

●•  Volume loss due to lung collapse

●•  Younger patient age

●•  Smoking history

●•  Poor pretreatment clinical performance status

●•  Reduced pretreatment lung function

●•  Chronic obstructive pulmonary disease

●•  Female gender

●•  Endocrine therapy for breast cancer

●•  Glucocorticoid withdrawal during radiotherapy

Table 42.2 Factors affecting the development of radiation-
induced lung disease [16–19]
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in the treatment of radiation-induced fibrosis involv-
ing the skin and subcutaneous tissues as this agent 
also inhibits experimental bleomycin-induced pul-
monary fibrosis in rats, likely via its anti-TNFa 
effects [22]. Pentoxifylline showed a significant pro-
tective effect for both early and late lung radiotoxic-
ity. Amifostine is a pro-drug that is de-phosphorylated 
by alkaline phosphatase in tissues to a pharmacologi-
cally active free thiol metabolite. This drug can 
reduce the toxic effects of chemotherapy by acting as 
a scavenger of free radicals generated in tissues 
exposed to radiation. Early evidence suggests that 
amifostine may decrease radiation-induced pulmo-
nary injury without diminishing the therapeutic effect 
[23, 24]. Captopril and other ACE inhibitors also 
have been shown to reduce radiation-induced lung 
fibrosis in rats [25], but there are no published data in 
humans.

Improvements in the perfusion and ventilation of 
radiation-injured lung tissue may be expected from 
3 to 18 months after radiation therapy. Beyond 
18 months, however, further significant improvement 
appears unusual [26, 27].

42.3.2  Chemotherapy

Patients with hematologic diseases are exposed to a 
host of traditional and newer chemotherapeutic agents 
that can cause lung injury at an incidence that ranges 
from less than 5% to as high as 60% [28, 29]. The 

increased complexity of multi-modality treatments and 
high-dose protocols designed to augment antineoplas-
tic efficacy, particularly in the context of HSCT, has 
increased the incidence of pulmonary complications. 
The diagnosis of drug-induced respiratory disease 
often is complex because: (1)1 patients may be exposed 
to several pneumo-toxic drugs concurrently or in 
sequence due to earlier treatment failure; (2)2 time to 
onset of pulmonary toxicity may be delayed, making it 
difficult to ascertain which agent is responsible for the 
pulmonary reaction; (3)3 the combination of drugs to 
treat malignant hematologic conditions may lead to 
unexpected drug interactions, producing enhanced 
toxicity compared with the toxicity of each agent con-
sidered separately; and (4)4 radiation therapy to the 
chest or TBI. Other factors that play a role in the devel-
opment of pulmonary toxicity include advanced age, 
current smoking, abrupt withdrawal of corticosteroids 
and the use of HSCT (allogeneic vs autologous). 
Changes in blood neutrophil counts, thrombocyto-
penia, coagulation deficits, volume overload or left 
ventricular dysfunction also can influence the spec-
trum and severity of pulmonary drug toxicity. In addi-
tion to overt pulmonary toxicity, subclinical 
drug-induced lung dysfunction often occurs in the 
form of reduced DLCO and lung volumes or changes 
in cell populations in BAL fluid. Upon cessation of 
exposure to the agent, most of these changes reverse 
slowly in a few weeks or months.

Drug-induced lung injury can manifest in several 
patterns (Table 42.3). Nonspecific interstitial pneumo-
nia (NSIP) is a common pattern of pulmonary injury to 

Pattern of toxicity Drug

Nonspecific interstitial pneumonia Methotrexate, azathioprine, chlorambucil, cyclophosphamide, procarbazine, 
and rarely, vinca alkaloids

Pulmonary infiltrates and eosinophilia Fludarabine, rarely: interferons, inhaled or parenteral pentamidine and 
radiographic contrast media

Organizing pneumonia Bleomycin

Diffuse alveolar damage (DAD) BCNU, lomustine, CCNU, bleomycin, busulfan, chlorambucil, cyclophos-
phamide, melphalan, procarbazine, vinblastine

Diffuse pulmonary fibrosis BCNU, lomustine, CCNU, bleomycin, busulfan, chlorambucil, cyclophos-
phamide, melphalan, vinca alkaloids, radiation therapy

Granulomatosis Bleomycin

Pulmonary nodules Bleomycin, cyclophosphamide, vinblastine, rarely fludarabine

Table 42.3 Lung toxicities associated with chemotherapeutic agents
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chemotherapeutic agents. Drugs causing the syndrome 
include methotrexate (accounting for the majority of 
cases), azathioprine, chlorambucil, cyclophosphamide, 
procarbazine and, rarely, vinca alkaloids. The onset of 
this condition is unpredictable; symptoms may develop 
a few days to years after exposure. The clinical picture 
includes increasing dyspnea, dry cough, high fevers 
and rash. The severity of illness can vary from mild to 
progressive respiratory failure, and associated radio-
graphic findings may range from bilateral (usually 
symmetrical) interstitial or alveolar opacities to exten-
sive consolidation with air bronchograms and volume 
loss [30–32]. Pleural effusions and mediastinal lymph 
node enlargement have been reported in patients with 
methotrexate-induced lung injury [33, 34]. BAL fluid 
usually shows lymphocyte predominance. A low ratio 
of CD4 to CD8 lymphocytes is suggestive, but not spe-
cific, for drug-induced lung disease. Other BAL find-
ings include neutrophilia or a combined pattern of 
lymphocytosis with neutrophilia or eosinophilia [35]. 
Appropriate stains, cultures and molecular techniques 
in BAL fluid should be performed to exclude opportu-
nistic infections. A lung biopsy may be required in 
selected cases. Histopathologic features include inter-
stitial inflammation and pulmonary granulomas. 
Fibrosis can be present, but is generally not the domi-
nant histopathologic feature. Alveolar edema or hem-
orrhage may be found as a manifestation of severe 
methotrexate pneumonitis [34]. High-dose corticoster-
oids may be indicated with more advanced disease, as 
drug-induced NSIP can lead to mortality if it is not 
treated promptly, but in milder cases, symptoms can 
subside after simple drug withdrawal [36]. Although 
rechallenge with the drug may be safe, it is not gener-
ally recommended [37].

Eosinophilic pneumonia (EP) is an unusual and 
unpredictable pattern of response to chemotherapeutic 
agents as opposed to that described following the use of 
some antibiotics. EP in patients with hematologic 
malignancies can result from treatment with fludara-
bine and, rarely, interferons, inhaled or parenteral pen-
tamidine, and radiographic contrast media [33]. 
Although methotrexate and procarbazine pneumonitis 
can often be associated with peripheral eosinophilia, 
BAL and histopathologic features are not those of EPs. 
Typically, the syndrome of EP develops during or 
shortly after termination of treatment. A history of an 
allergic disorder, or repeated courses of treatment  
with the specific drug, may predict for a higher risk. 

The diseases could manifest as acute pneumonia and 
 progress to respiratory failure [38, 39]. Radiograghic 
findings of EP include alveolar infiltrates and the clas-
sic pattern of “photographic negative” pulmonary 
edema [40]. It also could cause faint ground-glass 
opacities, or Kerley’s “B” lines (dense and diffuse). EP 
is diagnosed by the presence of increased percentages 
or numbers of eosinophils in blood, BAL, or lung tis-
sue. A lung biopsy is rarely required, but discontinu-
ance of the offending drug is essential. Corticosteroid 
drug therapy is suggested in cases with severe involve-
ment. The prognosis for this condition usually is good.

Chemotherapy-induced organizing pneumonia 
(OP) may manifest with chest pain, dyspnea and dif-
fuse radiographic abnormalities with [41] or without 
acute respiratory failure [42], or may be discovered 
incidentally on chest imaging [36]. Nodular OP typi-
cally is seen in patients exposed to chemotherapy who 
develop round-shaped foci that localize mainly in lung 
bases, may abut the pleura and simulate metastatic 
nodules [43–45]. Nonspecific findings are retrieved 
from BAL, such as increases in the percentage of lym-
phocytes, neutrophils or eosinophils. Open lung 
biopsy guided by the results of CT scan is the proce-
dure of choice. The nodules correspond to sterile 
aggregates of mononuclear cells. Histology reveals 
interstitial inflammation, superimposed on the domi-
nant background of alveolar and ductal fibrosis. Lung 
nodules with the histopathologic features of crypto-
genic organizing pneumonia or of localized fibrosis 
can be observed after treatment with bleomycin, 
cyclophosphamide, vinblastine and, rarely, fludara-
bine [46–49]. Drug discontinuation and, if required, 
corticosteroid therapy usually are followed by 
improvement in most cases. Organizing pneumonia 
(formerly BOOP) can be seen following HSCT and is 
described in detail later in the chapter.

Diffuse alveolar damage (DAD) is a serious form of 
pulmonary pathology that may develop in the context 
of drug-related lung injury. Single chemotherapeutic 
agents (e.g., BCNU or other nitrosoureas, bleomycin, 
busulfan, chlorambucil, cyclophosphamide, mel-
phalan, procarbazine, vinblastine) or multiagent cyto-
static chemotherapy have been reported to cause this 
lung toxicity [50]. Some regimens may be associated 
with a greater likelihood of DAD than others even if 
they differ in one agent only. For instance, in patients 
with de novo-treated Hodgkin’s lymphoma, the substi-
tution of gemcitabine for dacarbazine, e.g., ABVG 
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rather than ABVD (doxorubicin, bleomycin, vinblas-
tine and gemcitabine instead of dacarbazine), was 
associated with a 42% incidence rate of pulmonary 
toxicity [51]. Likewise, the substitution of gemcitabine 
for etoposide in the dose-escalated BEACOPP regi-
men (bleomycin, doxorubicin, cyclophosphamide, 
vincristine, procarbazine, prednisone and gemcitabine 
rather than etoposide) significantly escalated the 
 likelihood of pulmonary toxicity [52–54]. Concurrent 
administration of radiation therapy to the chest or use 
of TBI, supplemental oxygen and possibly colony-
stimulating factors (CSFs) may increase the risk  
of DAD.

Time to onset of DAD can vary from shortly after 
the first administration of the offending drug to much 
later into the treatment course [55]. Restrictive lung 
function patterns and hypoxemia are typical. DLCO 
abnormalities often precede clinical symptoms. The 
clinical evolution of drug-induced DAD varies from an 
isolated decrease in DLCO [56, 57] or evidence of 
fibrosis in trans-bronchial or pulmonary biopsies [58, 
59] as the only manifestation of toxicity to bilateral, 
interstitial and alveolar infiltrates [57, 60]. Severe 
cases progress to an ARDS picture and death [61].

High-resolution CT scanning may show ground-
glass opacities and intra-lobular septal thickening, and 
the extent of changes correlates with clinical severity 
[62]. Dysplastic pneumocytes may be retrieved by 
BAL [63, 64]. A lung biopsy is reserved for patients 
with an atypical presentation or for those who do not 
improve with empirical antibiotic and corticosteroid 
treatment [65]. The main histopathologic feature of 
DAD is consistent with hyaline membranes and fibrin 
deposits lining the alveolar border, dysplasia of type II 
cells, free alveolar fibrin, cells and debris in alveolar 
spaces and various stages of interstitial edema, inflam-
mation and organization [66]. DAD may be reversible 
after discontinuation of drugs or after the addition of 
corticosteroids, or both [67]. The usual doses of oral 
corticosteroids may not prevent the condition from 
developing, but higher doses are reported to reduce the 
incidence [68].

The high incidence, severity and unpredictability of 
DAD associated with chemotherapy suggest that it is 
reasonable to discontinue such treatment once the 
DLCO has decreased 50% compared with pre-therapy 
values. Although smaller decrements in DLCO do not 
equate to toxicity and should not lead to withdrawal of 
chemotherapy, a precipitous decrease in the DLCO 

indicates impending toxicity [69]. When radiation 
therapy is planned after the administration of chemo-
therapeutic agents, it is advisable to wait for any 
 chemotherapy-induced decrease in the DLCO to stabi-
lize or show a trend toward improvement before start-
ing radiation.

Finally, drug-induced pulmonary fibrosis may 
develop in patients receiving cytotoxic agents, such 
as bleomycin, busulfan, BCNU, lomustine, CCNU 
chlorambucil, cyclophosphamide, melphalan, vinca 
alkaloids, radiation therapy and TBI [70]. This entity 
more often is diagnosed months or years after termi-
nation of treatment. Early signs of this disease are 
basilar or diffuse streaky opacities and volume loss. 
This condition can progress to honeycombing and 
fibrotic changes; reversal of this toxicity and the 
response to corticosteroids are unpredictable and often 
unsatisfying. Histologic exam can demonstrate the 
characteristic dysplasia of type II pneumocytes that 
reflects exposure to alkylating agents and radiation 
therapy. In a few patients, especially children treated 
for hematologic malignancies, pleural or pulmonary 
fibrosis may develop [71]. This process results in tho-
racic deformity, encasement of the lungs and severely 
restricts lung physiology. An accelerated variant of 
pulmonary fibrosis, acute interstitial pneumonia (for-
merly termed the Hamman and Rich syndrome), has 
been described after treatment with chlorambucil and 
methotrexate [72–74]. The prognosis of this condition 
is poor despite drug withdrawal and institution of 
high-dose corticosteroids.

42.3.3  Chronic Pulmonary Dysfunction 
After Hematopoietic Cell 
Transplantation

As seen in the patient description at the start of this 
chapter, a decline in lung function long has been identi-
fied as a significant complication in the months to years 
that follow allogeneic HSCT. A clinical pearl from 
Dr. Bergeron in this book also very nicely describes 
this type of pulmonary involvement. Noninfectious 
conditions now represent the major pulmonary causes 
of morbidity and mortality after HSCT. Idiopathic 
pneumonia syndrome (IPS), discussed in another chap-
ter in this book, remains one of the more common and 
serious pulmonary complications occurring within 
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months after HSCT. Although graft-versus-host reac-
tions may play an etiologic role, the major contributing 
factor is conditioning-related toxicity. Among lung 
conditions that are more closely associated with 
GVHD, both bronchiolitis obliterans (BrOb) (onset 
months to years after HSCT) and bronchiolitis obliter-
ans with organizing pneumonia (COP) may lead to FA. 
The term COP should not be used interchangeably with 
bronchiolitis obliterans (BO) to describe a patient with 
chronic lung dysfunction after HSCT, although such 
usage unfortunately is widespread. The two disorders 
differ with respect to histopathology, pulmonary func-
tion characteristics and, most importantly, response to 
therapy. BrOb is an inexorably progressive condition, 
whereas COP behaves similarly to idiopathic COP 
seen in other populations. COP after HSCT usually is 
quite responsive to corticosteroids and in other settings 
may resolve spontaneously, whereas BrOb is not 
[75, 76]. Organizing pneumonia also is associated with 
restrictive (rather than obstructive) changes on pulmo-
nary function testing (Table 42.4).

In allogeneic HSCT recipients, the disparity in 
match between the donor graft and the recipient for 
the human leukocyte antigens (HLAs) mediate both 
GVHD and graft rejection (host-versus-graft reac-
tion). The presence of alloreactive injury to the lung 
attributed to GVHD is poorly defined and remains 
debated. In the skin, liver and intestine, GVHD 
 produces a characteristic T-lymphocyte-mediated 

epithelial destruction. There are few data to support 
such a defined lesion with the exception of lympho-
cytic pneumonitis [77]. A variety of pulmonary com-
plications have been described as manifestations of 
GVHD, but these associations are based primarily on 
the simultaneous occurrence of pulmonary abnormal-
ities, the absence of an infectious agent and nonspe-
cific histopathologic lesions in the setting of 
established GVHD in other organs. Nevertheless, 
both acute and late-onset lung injury syndromes have 
shown a clinical association with GVHD, including 
IPS, engraftment syndrome, diffuses alveolar hemor-
rhage, BrOb and COP [78]. Several murine models 
also demonstrate pathologic lung changes in the set-
ting of GVHD, thus supporting a mechanistic rela-
tionship between GVHD and lung injury.

OLD and chronic AFO are the most common non-
infectious late pulmonary complications of allogeneic 
HSCT. These entities are manifested on pulmonary 
function testing by a diminished FEV1 or FEV1/FVC. 
The incidence of these syndromes ranges from 6% to 
32%, depending upon the definition of AFO applied in 
each study [79, 80]. Typically, the presentation occurs 
beyond the third month after HSCT [81]. Among 
patients who develop chronic GVHD, new-onset AFO 
may develop in up to one third of the patients. In a 
study of 11 cases the underlying process accounting 
for AFO was BrOb in 70% [82]. Histologically, this 
process demonstrates fibrous obliteration of the lumen 

Clinical Factor Obstructive lung disease Restrictive lung disease

Onset Late (3–12 months after HCT) Early (within 3 months after HSCT)

Symptoms Dyspnea, nonproductive cough Dyspnea, nonproductive cough

Physical exam Wheezing Crackles

PFTs Obstructive physiology Restrictive physiology

 FEV
1
/FVC  Decreased  Normal

 TLC  Normal  Decreased

 DLco  Decreased  Decreased

CT scan findings Air trapping Bronchial wall thickening Patchy consolidation
Organizing pneumonia

Centrilobular nodules Ground-glass opacities

Chronic GVHD Strong association Variable, association with organizing  
pneumonia

Table 42.4 Clinical factors present in obstructive versus restrictive lung disease

PFTs pulmonary function tests, FEV1/FVC forced expiratory volume in 1 s/forced vital capacity, TLC total lung capacity, DLco 
diffusion capacity for carbon monoxide
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of respiratory and membranous bronchioles. In the 
absence of histopathologic evidence, new onset AFO 
after allogeneic HSCT often is referred to as “bronchi-
olitis obliterans syndrome” (BOS). In addition to 
chronic GVHD, risk factors for the development of 
AFO include increasing recipient age, pre-transplant 
reduction in the ratio FEV1/FVC, low serum immuno-
globulin levels, use of methotrexate and a history of 
respiratory viral infection within the first 100 days 
[79]. The onset typically is insidious with presenting 
symptoms including dry cough (60–100%), dyspnea 
(50–70%) and wheezing (40%), but fever is uncom-
mon [79, 82, 83]. The chest radiograph is usually nor-
mal, but high-resolution CT scans often demonstrate 
evidence of expiratory air trapping, hypo-attenuation 
and bronchial dilation [80, 84–86]. Demonstrating 
persistent AFO using pulmonary function testing and 
exclusion of other causes of AFO such as asthma, 
tobacco-related emphysema, and viral or bacterial 
respiratory infection establish the diagnosis. Except 
for its utility in excluding an infectious etiology, BAL 
is usually nonspecific [87], and transbronchial biopsies 
typically are nondiagnostic due to the patchy nature of 
this small airway process and the limited size of sam-
ples obtained. Surgical lung biopsy is rarely 
indicated.

The etiology of new onset AFO after HSCT is 
unknown. Those recognized causes in otherwise nor-
mal hosts rarely include recurrent aspiration, viral 
infection (influenza, adenovirus, measles) and bacte-
rial infection (Mycoplasma sp.) [88]. Immunologic 
mechanisms inducing bronchial epithelial injury are 
suggested by the strong association between chronic 
GVHD and new onset AFO. Indeed, the lung epithe-
lium may be the target of immune-mediated injury 
induced by donor cytotoxic T cells in chronic GVHD 
[89]. Thus, BrOb after HSCT may represent a mani-
festation of GVHD in the lung.

Disease progression is variable; however, the syn-
drome is associated with significantly increased mor-
tality rates, and improvement in lung function is 
uncommon. Many patients develop a progressive 
decline in lung function resulting in respiratory failure 
[79, 80]. There are no prospective studies of the treat-
ment of new onset AFO after HSCT. OLD in the 
 presence of chronic GVHD is managed primarily 
by controlling GVHD. Various immunosuppressive 
agents have been reported to result in stabilization of 
lung function in 30–50%, but improvement in only 

8–30% [37, 51]. In the hope that early recognition and 
treatment may improve outcome, routine spirometry 
among patients with chronic GVHD is encouraged to 
detect the insidious onset of this process.

Restrictive lung disease (RLD) is defined by reduc-
tions in FVC, total lung capacity (TLC) and DLCO as 
measured by standard pulmonary function tests (PFTs). 
In RLD, the ratio FEV

1
/FVC is maintained near 100% 

[90, 91]. RLD is common after HSCT. Significant 
decreases in FVC or TLC have been reported in as 
many as 25–45% of allogeneic HSCT recipients by 
day 100. A decline in TLC or FVC after HSCT (even 
if the absolute values for each measurement remained 
within the normal range) has been associated with an 
increase in nonrelapse mortality. TBI-containing con-
ditioning regimens and the presence of acute GVHD 
have been associated with RLD, in addition to obstruc-
tive lung disease [92–94]; however, the impact of age 
on the development of RLD is less clear. Early reports 
suggested that the incidence of RLD is lower in chil-
dren compared to adults and that the incidence 
increases with advancing recipient age [95]. More 
recent studies have revealed significant RLD in chil-
dren receiving HSCT [96]. Organizing pneumonia 
after HSCT falls under the RLD pattern on liver func-
tion tests and recently was shown to be associated with 
prior acute and chronic GVHD. Organizing pneumo-
nia has been described in case reports as occurring 
after both allogeneic and syngeneic HSCT; these data 
suggest an association of the lung lesion with chronic 
GVHD and intestinal ulcerations. In addition, corti-
costeroid therapy appeared beneficial in the resolution 
of the lesion. In a recent case control study, 
Freudenberger et al. reviewed 49 cases of histologic 
COP [97]. The clinical features of COP in this popula-
tion were similar to idiopathic and other etiologies 
with an association between acute and chronic GVHD 
and the subsequent development of COP. Affected 
patients were more likely to have skin involvement 
with acute GVHD and chronic GVHD affecting the 
gut and oral mucosa. The causes of COP following 
HSCT remain enigmatic, but possible etiologies 
include direct allo-immunologic reactions, atypical 
infection or atypical manifestations of IPS. Regardless, 
the clinical presentations and responses of COP are 
similar to other cases of idiopathic COP.

The published literature contains a paucity of thera-
peutic trials for chronic lung injury after HSCT. A 
study by Payne and colleagues showed that the use of 
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cyclosporine and methotrexate as GVHD prophylaxis 
prevented the development of OLD when compared to 
historic controls receiving prednisone and methotrex-
ate [98], but results of prospective, randomized trials in 
this setting are not available. Three recently published 
case series have exploited the antiinflammatory effects 
of azithromycin to treat OLD in both allogeneic HSCT 
and lung allograft recipients. Each study suggested a 
beneficial effect of this drug on pulmonary function 
when administered for 12 or more weeks [99–101]. 
The potential role for TNFa in the pathogenesis of 
both OLD and RLD suggests that agents such as etan-
ercept may have promise, and several studies have 
demonstrated a potential benefit of this drug in some 
HSCT patients with chronic lung injury [102, 103].

The immunologic mechanisms responsible for 
chronic, fibrotic pulmonary dysfunction after HSCT 
remain poorly defined, in large part because of the lack 
of correlative data obtained from afflicted HSCT recip-
ients and the paucity of suitable SCT animal models 
for either RLD or OLD. Chronic pulmonary disease 
following allogeneic HSCT likely involves an initial 
insult to lung parenchyma followed by an ongoing 
inflammatory process involving the interplay between 
recruited donor-derived immune cells and the resident 
cells of the pulmonary vascular endothelium and inter-
stitium. Mechanistic insights into OLD following 
HSCT have been derived from studies of lung allograft 
rejection. Data generated from both humans and mice 
support the hypothesis that the development of BrOb 
in this scenario involves the secretion of inflammatory 
cytokines and chemokines, along with interactions 
between APCs and activated lymphocytes [104, 105]

A tri-phasic model of chronic noninfectious lung 
injury after HSCT has been proposed [106]. In phase I, 
an acute pneumonitis develops as a consequence of an 
allogeneic immune response, resulting in the sequen-
tial influx of lymphocytes, macrophages and neutro-
phils into an inflamed pulmonary parenchyma. In 
phase II, a persistent inflammatory signal, in the set-
ting of dysregulated repair mechanisms, promotes the 
transition from acute to chronic injury. If the inciting 
injurious stimulus predominantly involves bronchiolar 
epithelial cells, phase II is associated with the concen-
tric infiltration of lymphocytes and collagen deposition 
in the peri-bronchiolar areas resulting in the develop-
ment of chronic bronchiolitis. If, however, the alveolar 
epithelium is the primary target, leukocyte recruitment 
and matrix deposition are confined primarily to the 

interstitial space. As chronic inflammation proceeds to 
phase III, lung fibroblasts increase dramatically in 
number and contribute to the enhanced deposition of 
collagen and granulation tissue in and around bron-
chial structures, ultimately resulting in complete oblit-
eration of small airways and fixed OLD. By contrast, 
fibroblast proliferation and intra-septal collagen depo-
sition during phase III ultimately result in interstitial 
thickening, septal fibrosis, significant volume loss and 
severe RLD.

Clinical and experimental data suggest that the pro-
gression to a chronic, pro-fibrotic form of pulmonary 
toxicity involves the secretion of cytokines and 
chemokines [107–109], and in this context, TNFa may 
be a central factor in the proposed tri-phasic model of 
disease. Evidence for a role of TNFa in the transition 
from acute to chronic lung injury comes from studies 
using targeted over-expression of TNFa in the lungs of 
rodents [110]. In these models, early lung histopathol-
ogy includes a lymphocytic infiltrate similar to that 
seen in experimental IPS models [111, 112], whereas 
the histologic changes associated with more prolonged 
exposure to TNFa show both interstitial and peri-
bronchial inflammation that closely resemble changes 
seen at later time points after HSCT [107, 113].

42.4  Conclusion

FA is characterized by sequential acute lung injury that 
can culminate in scarring and end-stage lung disease. 
Despite the high success rate in treating hematologic 
malignancies with or without using HSCT, this 
sequence of events continues to be a significant con-
tributor to nonrelapse morbidity and mortality in 
patients with hematologic malignancies because of 
either the disease itself or as a result of treatment 
modalities employed. The pathophysiologic mecha-
nisms contributing to the initiation and progression of 
disease remain poorly defined. To this end, current 
treatment options remain suboptimal and primarily 
limited to supportive care measures and antiinflamma-
tory agents, such as corticosteroids or other immuno-
suppressant therapy. Further research is necessary (in 
the form of clinical trials and pre-clinical models) to 
improve our understanding of fibrosing alveolits and 
related disorders and to ultimately design and imple-
ment targeted therapeutic strategies.
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43.1  Introduction

Infection remains a major cause of hospital mortality 
in cancer patients [1, 2]. Infections often require a 
decrease in the chemotherapy dosage, which may 
adversely affect the prognosis of the malignancy. 
Neutropenia is defined as a neutrophil count £500/
mm3, or £1,000/mm3 with a predicted decrease to 
£500/mm3 [3].

Fever, defined as a single oral temperature of 
³38.3°C or as a temperature of ³38.0°C for at least 1 h, 
is common in neutropenic patients. A fever develops in 
10–50% of patients after chemotherapy for solid 
tumors and in more than 80% of patients with hemato-
logical malignancies [4]. Fever of unknown origin 
(FUO), defined as new-onset fever with no clear cause 
detected clinically or microbiologically, accounts for 
30–65% of febrile episodes in neutropenic patients 
compared to 10–30% for clinically documented infec-
tions defined as fever and unambiguous diagnostic 
signs of localized infection (e.g., pneumonia or skin/
soft tissue inflammation) and 10–40% for microbio-
logically documented infections [4].

The occurrence of a fever in a neutropenic patient 
poses several challenges. The first-line antibiotics 
should cover the pathogens deemed to be most likely 
based on the patient’s characteristics, neutropenia, and 
local epidemiology. However, the changing epidemiol-
ogy of infections, global increase in resistant strains, 
and need to contain health care costs require careful 
selection of antibiotics.

The aim of this review is to provide an up-to-date 
guide that will assist physicians in choosing the opti-
mal antibiotic regimen in neutropenic patients based 
on the above-mentioned considerations and on the 
most recent international guidelines and literature.
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43.2  Bacterial Epidemiology 
in Neutropenic Patients

In the 1990s, gram-positive bacteria emerged as the 
leading agents responsible for infections in neutro-
penic patients worldwide. In adults with bloodstream 
infections and malignancies in the United States, the 
proportion of gram-positive organisms increased from 
62% in 1995 to 76% in 2000, whereas the proportion 
of gram-negative infections decreased from 22% to 
15% [5]. Factors that may increase the risk of gram-
positive sepsis in neutropenic patients include the 
widespread use of central venous catheters, introduc-
tion of prophylactic quinolone therapy, increased use 
of proton pump inhibitors, and rising prevalence of 
chemotherapy-induced mucositis [6]. Importantly, 
gram-negative bacteria seem to have been causing an 
increasing number of infections in neutropenic patients 
since the early 2000s [7] (Table 43.1). The selection of 
empirical antimicrobials depends in part on an assess-
ment of which pathogens are most likely to be involved 
[16]. Table 43.2 shows a non-exhaustive list of patho-
gens with their possible sites of development in neu-
tropenic patients. While gram-negative bacteria are 
usually associated with severe infections that carry 
high mortality rates [17], coagulase-negative staphylo-
cocci (CNS), which are recognized as the most com-
mon causes of nosocomial bacteremia, are often 
associated with more indolent forms of infections and 
have been more prevalent among low-risk than among 
high-risk patients [18]. However, in the setting of sus-
tained bacteremia, CNS is an emerging cause of 
 nosocomial endocarditis, usually occurring as a com-
plication of catheter-related infection [19]. Viridans 
group streptococcal bacteremia may be associated 
with fulminant infection and is particularly common 
in patients with hematological malignancies and pro-
found neutropenia [5].

A major concern is the emergence of multidrug-
resistant bacteria [20, 21]. Among gram-negative 
rods, Pseudomonas aeruginosa, Escherichia coli, 
Citrobacter freundii, Acinetobacter species, and 
Stenotro phomonas maltophilia are increasingly found 
to exhibit multidrug resistance (i.e., resistance to 
three or more classes of antimicrobials), extensive 
drug resistance (i.e., resistance to all but one or two 
classes); or pandrug-resistance (i.e., resistance to all 
available classes) [22]. Antibiotic selection pressure 

promotes the induction of extended-spectrum 
 chromosomal b-lactamases (ESBL) after the use of 
b-lactams [23, 24] and the selection of enterobacteria 
with decreased porin production after the use of car-
bapenems [20]. ESBL-producing Enterobacteriaceae 
are now commonly isolated in the community 
(Fig. 43.1) [16, 25]. Furthermore, Enterobacteriaceae 
that produce Klebsiella pneumoniae carbapenemases 
(KPCs) are now reported worldwide, and KPCs have 
become the leading class A carbapenemases. KPC 
b-lactamases confer decreased susceptibility or 
 resistance to virtually all b-lactams [26]. Similarly, 
 fluoroquinolone exposure is associated with the emer-
gence of methicillin-resistant Staphylococcus aureus 
(MRSA) and penicillin-resistant streptococci [27–29]. 
Widespread use of vancomycin has been described to 
cause outbreaks of bacteremia due to nosocomial 
vancomycin-resistant enterococci associated with 
high mortality rates [5, 30]. Finally, other gram-posi-
tive organisms with limited susceptibility or with 
resistance to b-lactams have been increasingly iso-
lated in cancer patients with febrile neutropenia; 
examples include Coryne bacterium jeikeium, Lacto
bacillus, Bacillus species, and Rhodococcus species 
[22, 31]. Antibiotic resistance rates vary widely across 
countries. For instance, the proportion of P. aeruginosa 
strains exhibiting carbapenem resistance is below 
10% in Denmark, The Netherlands, Switzerland, 
Sweden, and Finland; greater than 25% in Croatia, 
Turkey, Germany, Italy, and the Czech Republic; and 
as high as 45% in Greece [32].

43.3  Strategies for Empirical Antibiotic 
Therapy

43.3.1  Principles Underlying First-Line 
Antibiotic Therapy

Antibiotic therapy must be initiated immediately in 
febrile patients with neutropenia [33]. The antibiot-
ics used for first-line therapy must be active against 
the most likely pathogens, as estimated based on the 
suspected source of infection, the patient’s medical 
history, careful clinical examination, bacteriological 
findings, and X-ray results [16]. Signs and symptoms 
of inflammation are frequently minimal or absent in 
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patients with neutropenia [31]. The initial assessment 
of patients with febrile neutropenia should include 
a careful physical examination for subtle signs and 
symptoms of infection, with special attention to the 
sinuses and oropharynx, skin and skin folds, intrave-
nous lines, genital organs, and anal area [34]. Obtaining 
bacterial samples is crucial to ensure the detection and 

susceptibility testing of the causative pathogen. Most 
pathogens are isolated from blood cultures, which must 
be drawn both from the catheter and from a peripheral 
vein. Cultures of stool, urine, cerebrospinal fluid, and/
or skin lesions should be performed as indicated by 
the clinical picture. Previous microbiological results 
should be considered, as carriage of multiresistant 

Table 43.2 Non-exhaustive list of bacteria that cause disease in febrile neutropenic patients, with their possible sites of development

Grampositive bacteria Site of infection

Coagulase-negative staphylococci Bloodstream infections, catheter-associated sepsis

Viridans group streptococci Bloodstream infections, endocarditis

Enterococcus faecium Bloodstream infections, endocarditis

E. faecalis

Stomatococcus
mucilaginosus

Bloodstream infections, catheter-associated sepsis

Pediococcus spp. Urine and bloodstream infections

Corynebacterium jeikeium Endocarditis, catheter-related bacteremia, 
cutaneous lesions, and nodular pulmonary 
infiltrates

Lactobacillus spp. Bloodstream infections endocarditis, meningitis, 
intraabdominal abscesses, and pneumonia

Rhodococcus equi Suppurative pneumonia with pulmonary abscesses 
and empyema

Clostridium septicum Metastatic myonecrosis, typhlitis

Gramnegative bacteria

Pseudomonas aeruginosa Pneumonia, bloodstream infections

Escherichia coli, Klebsiella species, 
Enterobacter

Bloodstream infections, catheter-associated sepsis, 
and pneumonia

Stenotrophomonas maltophilia Pneumonia

Alcaligenes xylosoxidans and 
Burkholderia cepacia

Catheter-associated sepsis

Capnocytophaga species Bloodstream infections in bone marrow transplant 
recipients

Anaerobes

Fusobacterium nucleatum Bloodstream infections, ulcerative pharyngitis,  
and nodular pulmonary infiltrates due to septic 
emboli

Leptotrichia buccalis Bloodstream infections with extensive mucosal 
involvement in severely immunosuppressed 
patients

Mycobacteria

Mycobacterium chelonae Pneumonia, disseminated infections

M. fortuitum
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strains may last several weeks or months. A chest 
radiograph should be obtained, and high-resolution 
computed tomography of the chest may be indicated 
if the patient has pulmonary symptoms with an unin-
formative chest radiograph or if an invasive mold 
infection is suspected. Finally, the choice of antibiot-
ics should take into account the risk of complications 
of the underlying malignancy; nature of the treatment; 
degree, duration, and type of immunosuppression; and 
clinical presentation [31].

43.3.2  Choice of the First-Line Antibiotic 
Regimen

43.3.2.1  Site of Care and Route of Empirical 
Antibiotic Therapy

Oral antibiotic administration and home care may bene-
fit selected patients by avoiding the risks associated with 
prolonged hospitalization (i.e., hospital-acquired infec-
tions and intravenous line-associated complications), 

while being cost-effective [35, 36]. However, this strat-
egy is reserved for carefully selected patients at low risk 
for complications [18, 37]. Scores have been developed 
for identifying low-risk patients who may be eligible for 
oral treatment and either early discharge after initial sta-
bilization in the hospital or outpatient care [10]. This 
strategy is widely used by hematologists and oncologists 
in the United States [38] and is supported by several 
large randomized studies and meta-analyses [38–43]. 
However, in-hospital intravenous antibiotic therapy is 
required in patients with factors that predict complica-
tions, such as hemodynamic instability, abdominal pain, 
nausea, and/or vomiting, diarrhea, neurological or men-
tal changes, catheter-related infection, new pulmonary 
infiltrates, renal failure, or liver failure [31, 34, 44]. The 
Multinational Association for Supportive Care in Cancer 
(MASCC) predictive score, developed and validated 
prospectively in cancer patients, seems simple to use 
[10]. The score can range from 3 to 26 depending on age, 
outpatient status, acute clinical status, history, and dis-
ease severity. A score greater than 20 predicts a risk of 
severe complications lower than 10% (Table 43.3). 
Patients with a low risk of complications are eligible for 

2008

legend

No data

< 1%

1–5%

5–10%

10–25%

25–50%

Fig. 43.1 Map showing the proportion of Escherichia coli strains resistant to third-generation cephalosporins in European countries 
participating in the European Antimicrobial Resistance Surveillance System database in 2008
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home-based therapy and oral medication provided they 
can return immediately to the hospital in the event of a 
clinical deterioration, an inability to tolerate oral medi-
cations, or inadequate enteral absorption [37]. The best 
oral regimen recommended to date is the combination of 
a quinolone (e.g., ciprofloxacin) with amoxicillin/clavu-
lanic acid [3]. Oral moxifloxacin seems promising [45], 
and oral cefixime has been proven effective in low-risk 
children with cancer [3].

43.3.2.2  Antibiotic Combinations

The advantages of combination therapy include cover-
age of a broad spectrum of pathogens and, theoreti-
cally, synergistic activity with a decrease in the 
emergence of resistant strains. The main downsides 
are ototoxicity and nephrotoxicity, most notably with 
aminoglycosides, and increased cost. It should be 
pointed out that nephrotoxicity may occur even with 
very short courses of aminoglycosides, particularly 
with multiple-dose regimens and in patients receiving 
or having received other toxic substances (e.g., cispla-
tin, ciclosporin, amphotericin B, colistin, acyclovir, or 
contrast media) [46, 47].

So far, no randomized study or metaanalysis has 
proven that adding an aminoglycoside or quinolone to 
a b-lactam is superior to using a broad-spectrum 
b- lactam alone. Given that P. aeruginosa is common 

and associated with high mortality rates in neutropenic 
patients [8], the empirical antibiotic regimen should 
cover this pathogen. Monotherapy with ceftazidime, 
cefepime, imipenem, or piperacillin/tazobactam was 
as effective as b-lactam/aminoglycoside combinations, 
even in the subset of bacteremic patients [48–50]. 
There are no studies of b-lactam/aminoglycoside com-
binations in critically ill patients. According to the 
recent guidelines issued by the European Conference 
on Infections in Leukemia, b-lactam-aminoglycoside 
combinations may be justified in patients with severe 
sepsis or septic shock and in those with suspected 
resistant gram-negative infections [51]. Fluoroqui-
nolones are associated with the emergence of antibi-
otic-resistant pathogens, and their use in initial 
empirical regimens should therefore be discouraged, 
particularly in patients with a history of quinolone-
based prophylaxis.

In febrile neutropenic patients, efficacy seems 
equivalent with b-lactam monotherapy, cefepime, pip-
eracillin/tazobactam, and carbapenems [12, 45, 49, 52–
57] (Table 43.4). Ceftazidime monotherapy may be an 
effective strategy [38, 58]. However, the limited activ-
ity of ceftazidime against gram-positive bacteria [59] is 
of concern in high-risk neutropenic patients, as strep-
tococcal bacteremia is associated with high complica-
tion rates [60]. In a randomized study of 219 patients 
with acute leukemia or autologous peripheral-blood 
stem-cell transplantation, ceftazidime monotherapy 
was less effective than carbapenems (i.e., imipenem 
and meropenem) [10, 61], but as effective as pipera-
cillin/tazobactam [12]. Although most broad-spectrum 
b-lactams (cefepime, piperacillin/tazobactam, and car-
bapenems) provide coverage against most gram-posi-
tive bacteria, some gram-positive organisms, such as 
S. mitis, methicillin-resistant S. aureus, Enterococcus 
faecium, and Corynebacterium species, may be resis-
tant to b-lactams and susceptible only to glycopeptides 
(i.e., vancomycin and teicoplanin), quinupristin-dal-
fopristin, or linezolid. The appropriateness of adding 
vancomycin to a b-lactam has long been a matter of 
debate [62, 63]. Given the risk of emergence of resistant 
pathogens due to widespread vancomycin use [30] and 
the often relatively indolent course of infections due 
to the most commonly isolated resistant gram-positive 
organisms (i.e., CNS), routinely adding vancomycin to 
the first-line regimen is now strongly discouraged [3, 
64]. In contrast, the vancomycin/b-lactam combina-
tion remains recommended for the first-line treatment 

Characteristic No. of points

Age <60 years 2

Outpatient at fever onset 3

No dehydration 3

Solid tumor or (in hematology patients) no 
previous fungal infection

4

No chronic obstructive pulmonary disease 4

No hypotension 5

Burden of underlying illness

 No symptoms 5

 Mild symptoms 5

 Moderate symptoms 3

Table 43.3 The Multinational Association for Supportive Care 
in Cancer (MASCC) risk prediction model score. The points are 
added to obtain the total score. A total score >20 predicts a low 
risk (<10%) of serious medical complications during the course 
of febrile neutropenia
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of patients with severe sepsis or septic shock and of 
patients at high risk for infection by antibiotic-resistant 
gram-positive cocci [3] (Table 43.4). In a randomized 

controlled study of neutropenic patients with cancer, 
linezolid and vancomycin produced similar outcomes 
[65]. Quinupristin-dalfopristin and daptomycin have 

Dosage Targets for serum concentrations

Cefepime 2 g iv every 8–12 h Max. T > MIC (at least 70% of 
the dosing interval)

Piperacillin–tazobactama 4 g/500 mg iv every 6–8 h Max. T > MIC (at least 70% 
of the dosing interval)

Ceftazidimea 1–2 g every 8 h or Max. T > MIC (at least 70% of 
the dosing interval)

2 g loading dose followed by 6 g 
continuous iv infusion every 24 h

Imipenema 500 mg every 6 h to 1 g iv every 
6–8 h up to 50 mg/kg/day

Max. T > MIC (at least 70% 
of the dosing interval)

Meropenema 0.5–1 g iv infusion every 8 h Max. T > MIC (at least 70% of 
the dosing interval)

Amikacinb 15–20 mg/kg once daily for 
seriously ill patients: 25–30 mg/kg 
once daily

Peak/MIC ratio >8–10 Peak: 64–80 mg/mL

Trough <2.5 mg/mL

Gentamicinb tobramycinb 3–5 mg/kg iv once daily for 
seriously ill patients: 7–8 mg/kg 
iv once daily

Peak/MIC ratio >8–10 Peak: 32–40 mg/mL

Trough <0.5 mg/mL

Vancomycinb 15–20 mg/kg ¤ given every 8–12 h 
for seriously ill patients: loading 
dose of 25–30 mg/kg or loading 
dose of 15 mg/kg iv followed by 
30–60 mg/kg continuous iv 
infusion every 24 h

Optimal 24 h AUC/MIC 
ratio >400

Trough: >15–20 mg/L, 
25–35 mg/L if severe 
infection

Always >10 mg/L to 
avoid the development 
of resistance

Teicoplaninb 6–12 mg/kg every 12 h iv from day 
1 to 4 followed by 6–12 mg/kg 
every 24 h

Optimal 24 h AUC/MIC 
ratio >400

Trough: 20–30 mg/L

Ciprofloxacina 400 mg every 8–12 h Optimal 24 h AUC/MIC ratio 
~125 for gram-negative bacteria.

Optimal 24 h AUC/MIC ratio 
~40 for gram-positive bacteria

Colimycin 75,000 to 150,000 IU/kg 
(2.5–5 mg/kg colistin base) every 
24 h in 3 divided doses

Table 43.4 Suggested dosages for empirical antibiotic therapy in high-risk adult neutropenic patients with normal renal function. 
The local bacterial ecology and patient’s bacterial history must be considered when selecting empirical antibiotics

aNote that the highest suggested dosage is active against Pseudomonas aeruginosa
bRoutine determination of trough serum levels is required. For aminoglycosides, renal impairment may occur after a few days of 
treatment; therefore, treatment duration should be limited to 48–72 h and should not exceed 5 days. Multiple daily doses of amino-
glycosides are discouraged, since this regimen does not reduce toxicity and cannot provide sufficient peak serum concentrations; 
peak concentration should be determined 30 min after the end of the infusion and trough concentration just before the next infusion. 
For vancomycin, trough serum concentrations should be obtained just before the fourth dose. There is no evidence that continuous 
infusion regimens improve patient outcomes. The recommended infusion rate is 0.5–1 g/h. Monitoring of trough serum vancomycin 
concentrations is recommended in patients receiving aggressive dose targeting, in patients with unstable renal function and in 
patients receiving concurrent treatment with nephrotoxic agents; ¤should be calculated based on actual body weight; 
iv, intravenous
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not been specifically assessed in patients with neutro-
penia. The limited data on linezolid and the bacterio-
static activity of this drug are of concern when treating 
neutropenic patients.

In all likelihood, no guidelines of universal rele-
vance can be developed. Instead, the global epidemiol-
ogy of bacterial infections should be considered in 
conjunction with local rates of pathogen isolation and 
resistance. The patient’s own ecology should be con-
sidered also. Valuable information can be garnered 
from a review of previous anterior nasal and rectal 
swabs, which may have shown colonization by 
 antibiotic-resistant bacteria (e.g. methicillin-resistant 
S. aureus, P. aeruginosa, multidrug-resistant gram-
negative bacilli, and vancomycin-resistant entero-
cocci). A history of infection should raise the possibility 
of a recurrence and should prompt the use of antibiot-
ics active against the pathogen involved. Finally, renal 
and hepatic function and the risk of allergies may influ-
ence the choice of the first-line antibiotics.

43.3.3  Adapting the Antibiotics: 
Treatment Duration

Failure to respond to empirical therapy is defined as 
persistent fever and the development of serious medi-
cal complications. The median time to defervescence in 
hospitalized patients with cancer is 5–7 days, although 
low-risk patients often respond within 2 days or less 
[3]. International guidelines recommend a reassess-
ment of the initial antibiotic regimen after 3–5 days if 
the fever persists [3]. Persistence of fever with clini-
cal deterioration or infectious disease progression 
should be distinguished from persistence of fever in a 
clinically stable patient. Patients whose clinical status 
deteriorates require a complete reassessment, includ-
ing a careful physical examination and the collection 
of new culture specimens to look for a second infec-
tion. Ultrasonography and high-resolution computed 
tomography should be performed as indicated by 
the clinical data, and the indwelling catheter should 
be removed if a catheter-related infection is proven 
or strongly suspected. If a resistant pathogen is iso-
lated or suspected to be responsible for the deteriora-
tion (i.e., if present in a recent stool culture) and is 
not  covered by initial empirical regimen, the treatment 

should be modified promptly. Empirical addition of a 
glycopeptide, if not used initially, may be warranted, 
and switching to a carbapenem as second-line therapy 
should be considered (Fig. 43.2). Finally, empirical 
addition of antifungal agents deserves consideration 
in patients who have risk factors for fungal infection 
[3, 64, 66]. The management of antifungal therapy is 
beyond the scope of this chapter, but readers can refer 
to specific reviews on this topic [67–69]. For clini-
cally stable patients with persistent fever, there is no 
published evidence supporting a change in the antibi-
otic regimen. Moreover, the widespread emergence of 
multiresistant and panresistant bacterial strains should 
discourage “escalating” strategies, such as switching 
from piperacillin-tazobactam or cefepime to a carbap-
enem or adding vancomycin [63]. When a causative 
pathogen is identified, the antibiotic regimen should 
be adapted based on the antibiotic susceptibility test 
results. The dwindling number of drugs in the phar-
maceutical pipeline and the increased incidence of 
multidrug-resistant bacteria have led to the increasing 
use of old antibiotics such as colistin. Colistin exhibits 
rapid and concentration-dependent bactericidal activ-
ity with relatively low rates of resistance. Good rates 
of clinical responses have been reported in patients 
infected with multidrug-resistant bacteria and treated 
with intravenous colistin as salvage therapy. Colistin 
may act synergistically with rifampin or carbapenems 
against metallo-b-lactamase-producing (MBL) K. 
pneumoniae or A. baumannii strains. However, these 
data on colistin come chiefly from nonrandomized 
studies in small numbers of patients. Although the 
manufacturer recommends not exceeding six million 
units per day, a growing number of clinicians now rou-
tinely use daily dosages of up to nine million IU in two 
to four divided doses (12,500 IU of colistin is equiva-
lent to 1 mg of the prodrug colistin methanesulfonate). 
Inhalational colistin therapy has long been used in 
patients with cystic fibrosis and is now given to criti-
cally ill patients with ventilator-associated pneumonia. 
However, we have very little information on colistin 
pharmacokinetics and pharmacodynamics, especially 
in critically ill patients. Nephrotoxicity associated 
with the use of colistin remains a matter of concern. In 
vitro studies have shown that the toxic effects of colis-
tin on mammalian cells are concentration-dependent 
and time-dependent. Colistin nephrotoxicity seems 
rare in young patients with normal renal function 
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and common in patients with underlying renal insuf-
ficiency. The risk may depend on the cumulative dose. 
Colistin nephrotoxicity is usually mild and almost 
always reversible within a few weeks or months after 
treatment discontinuation.

When no antibiotic-resistant gram-positive bac-
teria are isolated, withdrawal of glycopeptides is 
warranted and may limit the emergence of vanco-
mycin-resistant enterococci and the risk of neph-
rotoxicity [20, 39]. Similarly, de-escalation (e.g., 
switching from carbapenem to cefepime or pipera-
cillin-tazobactam) should be encouraged when no 
microorganism resistant to the first-line regimen is 
isolated.

In patients with sustained bacteremia and/or persis-
tent fever and clinical deterioration, a portal of entry 

requiring specific treatment should be sought. 
Necrotizing cellulitis or peritonitis requires surgery. 
One of the most common problems is deciding whether 
to remove the indwelling central venous catheter in 
bacteremic patients. The decision rests on the clinical 
presentation (septic shock, local tunnel, or port infec-
tion), pathogen, presence of intestinal colonization, 
and differential time to blood culture positivity of sam-
ples drawn simultaneously by phlebotomy and through 
the catheter. In patients with bacteremia due to 
Enterobacteriaceae, enterococci or Pseudomonas, 
with no local signs of catheter infection or septic shock, 
the conjunction of intestinal colonization and micro-
bial growth in peripheral blood before or within 2 h 
after growth in a sample obtained simultaneously from 
the catheter hub often indicates bacterial translocation 

Persistent fever after 3–5 days
of empirical treatment and neutropenia

Clinical deterioration
Infectious disease progression

Consider inappropriate antibiotic dosing
Search fro non-infectious cause of fever

Clinical stability
No infectious disease progression

No symptoms

Thorough clinical examination
New bacterial samples

Consider CT-scan, ultrasonography

Discuss GCSF
or

granulocytes transfusion

Change antibiotics

Add vancomycin if not part
of the initial regimen

Consider adding
antifungal therapy

Switch to another β-lactam
(e.g., piperacillin-tazobactam

to imipenem)

Pathogen identification

Adapt antibiotic regimen

Withdraw of vancomycin
if no resistant gram positive

bacteria isolated

Continue initial
antibiotic regimen

No pathogen identification

Fig. 43.2 Suggested adjustments to the empirical antibiotic regimen in patients with persistent fever after 3–5 days of treatment
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from the intestine [70, 71]. Further information regard-
ing the management of catheter-related infections can 
be found in recently published guidelines [72].

Current guidelines recommend continued intrave-
nous administration of antibiotics after 48 h of apy-
rexia for at least 2 days after neutropenia resolution or 
for 4–5 days if the fever persists [3]. Clinically or 
microbiologically documented infection may require 
longer treatment, but with narrower spectrum antibiot-
ics (i.e., a neutropenic patient who has bacteremia due 
to multisusceptible E. coli treated with piperacillin-
tazobactam should be switched to amoxicillin for a 
few additional days after neutrophil recovery).

International guidelines recommend that patients 
with persistent neutropenia be kept on antibiotics for at 

least 2 weeks. Then, if no infection has been docu-
mented and the patient is free of significant symptoms, 
discontinuation under close monitoring can be consid-
ered. This time frame may be shortened to 7 days in 
closely monitored low-risk patients with no signs of 
infection, who may be switched to the oral route after 
48–72 h, using a combination of ciprofloxacin and 
amoxicillin-clavulanic acid.

All patients with persistent fever, with or without 
clinical deterioration, should be investigated for non-
infectious causes of fever (Table 43.5). Finally, anti-
biotic dose adjustment based on serum concentration 
determination may be required, as changes in the phar-
macodynamics and pharmacokinetics of antibiotics 
have been reported in neutropenic patients [73–75].

Table 43.5 Causes of fever persistence after initial empirical antibiotic in neutropenic patients

Infectious causes of persistent fever

Inappropriate antibiotic dosing and concentration

Clostridium difficile-induced diarrhea

Antibiotic-resistant pathogen Multidrug-resistant bacteria
Mycobacteria
Fastidious pathogens (e.g., Legionella, Mycoplasma, Chlamydia 
pneumoniae, Bartonella)

Fungal infection Molds: Aspergillus and Mucormycosis
Yeasts: Candida and Cryptococcus

Parasitic infection For example, Toxoplasma gondii

Viral infection For example, herpesviruses (cytomegalovirus, Epstein–Barr virus, 
human herpesvirus 6, varicella-zoster virus, herpes simplex virus) 
parainfluenza virus, respiratory syncytial virus, influenza viruses

Persistent focus of infection (e.g., catheter)

Uncontrolled infection (e.g., endocarditis or peritonitis)

Noninfectious causes of persistent fever

Transfusion-related fever

Hemophagocytic lymphohistiocytosis

Venous thrombosis

Drug- or transfusion-induced fever

Graft-versus-host disease

Underlying malignancy

Pancreatitis
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43.4  Pharmacodynamic and 
Pharmacokinetic Considerations

The pharmacokinetics and pharmacodynamics of many 
antibiotics are modified in neutropenic [73] and/or 
critically ill patients [76]. The volumes of distribution 
and clearance are increased, and therefore the half-life 
and plasma concentrations may be lower than in con-
trol patients.

Many animal studies found decreases in the bacteri-
cidal activity of b-lactams in neutropenic animals. 
Given that the activity of b-lactams and glycopeptides 
depends on the time spent with serum drug concentra-
tions greater than the minimum inhibitory concentra-
tion of the organism, decreasing the interval between 
doses or using a continuous infusion may be the best 
strategy for administering b-lactams and glycopeptides 
to neutropenic patients. In any case, therapeutic drug 
monitoring is valuable for guiding dosage adjustments 
and ensuring that therapeutic concentrations are 
achieved in order to increase the chances of eradicat-
ing the organism and to minimize the risk of selecting 
antibiotic-resistant bacteria [73, 75, 77]. Serum vanco-
mycin and teicoplanin levels should be monitored rou-
tinely [74]. In neutropenic patients receiving the 
recommended 2 g/day dose of imipenem, many may 
have serum concentrations below the therapeutic range 
[77]. When using carbapenems in neutropenic patients, 
50–60% of the dosing interval must be spent above the 
minimum inhibitory concentration to achieve bacteri-
cidal activity, and success rates improve when 75–100% 
of the dosing interval is spent above the minimum 
inhibitory concentration [77–79]. Plasma carbapenem 
levels can be measured using high-performance liquid 
chromatography in patients with persistent fever to 
ensure that the plasma concentrations are within the 
therapeutic range.

Aminoglycosides, in contrast, have a concentration-
dependent bactericidal activity. Elimination of amino-
glycosides is highly dependent on renal clearance, and 
accumulation is likely to occur in patients with renal 
failure. Once-daily administration of aminoglycosides 
is often preferred over multiple daily dosing to reduce 
the risk of nephrotoxicity and is recommended in the 
few neutropenic patients who require an aminoglyco-
side in combination with a wide-spectrum b-lactam 
[64]. When using aminoglycosides, therapeutic drug 

monitoring is important to minimize the risk of renal 
and cochlear/vestibular toxicity [75]. A recently pub-
lished review is available for readers who wish to have 
further information on antibiotic pharmacokinetics 
and pharmacodynamics in neutropenic patients [73].

43.5  Prophylactic Antibiotics

Two recent large randomized double-blind placebo-
controlled trials and one meta-analysis found that pro-
phylactic antibiotics given to cancer patients diminished 
the numbers of febrile episodes and bacterial infec-
tions, the use of empirical antibiotics and possibly 
mortality rates [80–82]. Based on these studies and 
others, the guidelines issued by the European 
Conference on Infections in Leukemia recommend 
prophylactic ciprofloxacin or levofloxacin therapy in 
neutropenic patients with acute leukaemia or in recipi-
ents of haematopoietic stem cell transplantation. [64]. 
However, many centers still do not give quinolone pro-
phylaxis to patients with afebrile neutropenia because 
of concerns about the emergence of antibiotic resis-
tance in the long run [28, 83]. The selection of resistant 
organisms by quinolones is a serious hazard, as reem-
phasized recently [84]. The emergence of resistant 
strains should therefore be monitored in centers where 
quinolone-based prophylaxis is used [20, 85].

43.6  Conclusion

Antibiotic therapy must be initiated promptly in 
febrile neutropenic patients. Oral antibiotics can be 
used in carefully selected low-risk patients. In high-
risk patients, initial empirical treatment with a single 
antibiotic is recommended. The antibiotic should be 
selected based on the initial clinical assessment, bac-
terial ecology in the hospital, and bacterial history of 
the patient. The use of vancomycin should be reserved 
for patients with suspected methicillin-resistant gram-
positive infections and/or signs of severe sepsis or 
septic shock. There is no evidence to support adding 
an aminoglycoside to most of the extended-spectrum 
b-lactams in non-critically ill patients. Persistent fever 
requires adaptation of the initial antibiotic regimen 
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if the clinical condition deteriorates or if a resistant 
pathogen is isolated. Addition of an antifungal agent 
must be considered. Giving the growing emergence 
of multidrug-resistant bacteria, the implementation of 
antibiotic stewardship programs is now mandatory.
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44.1  Introduction

Improvement during the last 2 decades in the outcome 
in invasive aspergillosis and invasive candidiasis, the 
two most frequent invasive fungal diseases, is the  
result of the availability of more effective and better 
tolerated agents in our antifungal armamentarium 
together with improved diagnostic tools and new strat-
egies promoting earlier onset of effective therapy. 
Several antifungal agents are now available for the 
treatment of invasive fungal diseases. Echinocandins, 
triazoles, and polyenes are the three dominant classes 
of antifungal agents used in hematological patients. 
Beside these agents, flucytosine has a restricted use, 
and terbinafine is only used in very rare cases of inva-
sive fungal disease in hematological patients; these 
indications are still controversial. Recommendations 
for use in hematological patients have been provided 
by the ECIL (European Conference on Infections in 
Leukemia) [57, 74, 78]. They are summarized in 
Tables 44.1 and 44.2.

44.2  Polyenes

Amphotericin B is a macrocyclic polyene character-
ized by a broad spectrum covering most of the fungal 
pathogens involved in human disease [8, 38, 91, 98]. 
However some species, including Candida lusitaniae, 
Trichosporon sp, Geotrichum sp, Scedosporium apio-
spermum, and the causative agents of dermatomyco-
ses, are resistant or poorly sensitive to amphotericin B 
[1, 124]. Nystatin, another polyene, is only used as a 
topical agent due to its toxicity by a systemic route. 
Nystatin has been encapsulated in liposomes, and the 
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drug has been assessed in invasive aspergillosis in a 
pilot trial but was not further developed [84].

Amphotericin B has strong affinity for ergosterol, 
the principal sterol of fungal membranes, while it 
shows less affinity for cholesterol, the principal sterol 
of mammalian cell membranes [14]. Amphotericin B 
and ergosterol form micelles that combine to form 
transmembrane channels leading to leakage of ions 
and other cellular components [117]. Other mecha-
nisms of action include proton pump inhibition and 
induction of membrane lipid peroxidation [106].

Amphotericin B deoxycholate use is limited by a 
significant toxicity, with both infusion-related effects 
(fever, chills, hypotension, dyspnea) and nephrotoxic-
ity. Because of its strong lipophilic properties, encap-
sulation of the drug in liposomes or binding to lipid 
complexes has led to the development of lipid formu-
lations of amphotericin B in an attempt to increase the 
efficacy and the safety profile. Three lipid formula-
tions of amphotericin B are currently commercially 

available: a liposomal preparation, a lipid complex, 
and a colloidal dispersion.

44.2.1  Amphotericin B Deoxycholate

Amphotericin B deoxycholate has been on the market 
for nearly 50 years and was extensively used before the 
lipid formulation of amphotericin B, the broad-spec-
trum azoles, and the echinocandins were developed. 
Its poor safety profile compared to these more recent 
agents now represents a major limitation to its use.

44.2.1.1  Pharmacokinetics

Amphotericin B is very weakly absorbed by the oral 
route. After intravenous injection, it is strongly 
bound to plasma protein (91–95%). The distribution 

Table 44.1 Recommendations for prevention of fungal diseases and for empiric therapy of persistent febrile neutropenia in leukemic 
patients and hematopoietic stem cell transplant recipients (adapted from European Conference on Infections in Leukemia guidelines 
[74, 78] updated at 3rd conference held in September 2009)

1First choice refers to drugs graded A (good evidence to support a recommendation for use / strongly recommended)
2Alternative refers to drugs graded B (moderate evidence to support a recommendation for use /generally recommended)

First choice1 Alternative2 Comments

Prophylaxis of fungal infections

Allogeneic stem cell transplantation

•  Before engraftment Fluconazole (400 mg qd,  
oral/iv)
Voriconazole (200 mg  
bid, oral)

Itraconazole (200 mg iv  
followed by 200 mg bid oral 
solution)
Aerosolized liposomal  
amphotericin B (10 mg 
twice weekly) + fluconazole

Fluconazole only in centers 
with low incidence of 
aspergillosis, with HEPA 
filtered-air rooms and with  
a mould-directed diagnostic 
approach

•  With graft versus host 
disease

Posaconazole (200 mg tid,  
oral)
Voriconazole (200 mg bid,  
oral)

Itraconazole (200 mg iv  
followed by 200 mg bid oral 
solution)

Induction chemotherapy in 
leukemia or myelodysplastic 
syndromes

Posaconazole (200 mg tid, 
oral)

Aerosolized liposomal  
amphotericin B (10 mg  
twice weekly) + fluconazole

Empiric therapy of persistent 
febrile neutropenia

Liposomal amphotericin B  
(3 mg/kg, iv)
Caspofungin (70 mg on  
day l then 50 mg, iv)

Amphotericin B colloidal 
dispersion (4 mg/kg, iv)
Amphotericin B lipid  
complex (5 mg/kg, iv)
Itraconazole (200mg, iv)
Voriconazole (3 mg/kg bid, iv)
Micafungin (100 mg, iv)
Amphotericin B deoxycholate 
(0.5–1.0 mg/kg, iv)

Amphotericin B deoxycholate 
not recommended if renal 
impairment, nephrotoxic 
co-medication or history of 
previous nephrotoxicity
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corresponds to a three-phase model [6]. The plasma 
half-life is 24–48 h, but the elimination half-life is 
approximately 15 days [26]. High concentrations are 
found in the liver, kidneys, and lungs [20, 53, 133]. 
The metabolic pathways followed by amphotericin B 
in humans are not known, and biliary and renal excre-
tions are both weak. Because of the complex pharma-
cokinetics, the concentrations of amphotericin B in 
the blood do not accurately reflect the concentrations 
in the tissue, and measuring them is therefore of little 
value [67]. Amphotericin B is not significantly 
cleared by dialysis.

44.2.1.2  Clinical Efficacy

Despite mediocre tolerability, amphotericin B was the 
standard treatment for most deep-seated fungal dis-
eases. Amphotericin B was usually administered by 
slow i.v. infusion at a daily dosage varying from 0.5 to 
1.0 mg/kg depending on the severity of the disease, the 
nature of the pathogen, renal function, and drug toler-
ance. In general, response rates were low, and over 
40% of the patients with invasive candidiasis or inva-
sive aspergillosis treated with amphotericin B died 
[56, 73, 119].

Table 44.2 Recommendations for the treatment of invasive aspergillosis and mucormycosis in leukemic patients and hematopoietic 
stem cell transplant recipients (adapted from European Conference on Infections in Leukemia guidelines [57] updated at 3rd 
conference held in September 2009)

First choice1 Alternative2 Comments

Invasive pulmonary 
aspergillosis

Voriconazole (6 mg/kg bid on  
day 1 then 4 mg/kg bid, iv, 
followed by 200 mg bid, oral)

Liposomal amphotericin B  
(3–5 mg/kg, iv)
Amphotericin B lipid complex  
(5 mg/kg, iv)
Caspofungin (70 mg on day 1  
then 50 mg, iv)
Posaconazole (800 mg/day divided 
in two or four doses, oral)
Voriconazole (6 mg/kg bid on day 
1 then 4 mg/kg bid, iv) if not 
given as primary therapy
Combination therapy for second 
line:

• Caspofungin + voriconazole
•  Caspofungin + liposomal 

amphotericin B
•  Caspofungin + amphotericin B 

lipid complex

Initiation with iv voriconazole 
is preferred
Caspofungin 70 mg if weight 
³80 kg
Primary combination therapy 
is not routinely recommended 
but is an alternative for second 
line therapy
Surgery may be indicated in:

• Sinus disease
•  Pulmonary lesion close to 

a large vessel
• Endocarditis
•  Single extra-pulmonary 

lesion

Monitoring of azole serum 
level is recommended 
especially in case of failure or 
of suspicion of toxicity

Mucormycosis Liposomal amphotericin B for 
primary therapy (3–5 mg/kg)
Amphotericin B lipid complex  
for primary therapy (5 mg/kg)
Control of underlying condition:

• Control of diabetes
•  Hematopoietic growth factor  

if neutropenia
•  Discontinuation/tapering of 

steroids
•  Reduction in immunosuppres-

sive therapy

Surgery for rhino-orbito-cerebral 
and soft tissue localisations

Posaconazole (800 mg/day divided 
in 2 or 4 doses, oral) for second 
line and for maintenance therapy
Combination of a lipid amphoteri-
cin B and caspofungin for second 
line therapy

Posaconazole may be used as 
an alternative for primary 
therapy when amphotericin B 
is absolutely contra-indicated
Surgery for pulmonary and for 
disseminated disease should 
be considered on a case by 
case basis
Insufficient data to recom-
mend use of a combination of 
posaconazole and a lipid 
amphotericin B or a combina-
tion including deferasirox

1First choice for aspergillosis refers to drugs graded A (good evidence to support a recommendation for use/strongly recommended); 
for mucormycosis no drug was graded A because of insufficient data
2Alternative for aspergillosis refers to drugs graded B (moderate evidence to support a recommendation for use/generally 
recommended)
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44.2.1.3  Tolerability

Infusion-related adverse events occur in 70–90% of 
patients, and include nausea, vomiting, fever, chills, 
pain at the injection site, gastrointestinal disorders, 
thrombophlebitis, bronchospasm, hypotension, and 
cardiac arrhythmia [41, 47, 72]. An infusion duration 
of at least 6 h is recommended and helps to reduce the 
severity of the infusion-related events.

The limiting factor is nephrotoxicity, which is cumu-
lative and can cause renal impairment, hypokalemia, 
hypomagnesemia, and acidosis [41]. Renal toxicity 
occurs in 24–80% of treatments [21, 41, 92, 95]. It is 
worsened by combination with other nephrotoxic 
drugs, such as ciclosporin, vancomycin, aminoglyco-
sides, and cisplatin. Regular biological monitoring is 
required during therapy and also sometimes after treat-
ment cessation because of prolonged renal potassium 
leakage. Sodium loading (up to 150 mmol in the 
absence of contraindications) before amphotericin B 
infusion may reduce the renal toxicity [52].

44.2.2  Amphotericin B Colloidal 
Dispersion

Amphotericin B colloidal dispersion (ABCD) has mar-
ket access limited only to some countries. ABCD is 
composed of cholesteryl sulfate bilayers in which the 
amphotericin B molecule inserts itself at an equimolar 
ratio. The particles have a disk-like structure, and are 
120–140 nm in diameter and 4 nm thick.

44.2.2.1  Pharmacokinetics

ABCD is rapidly taken up by the reticuloendothelial sys-
tem, explaining why the maximal plasma concentration is 
low and the volume of distribution high, and also why tis-
sue concentrations are high in the liver, spleen, and bone 
marrow [37]. The elimination half-life increases with the 
dose, from 86 h at 0.25 mg/kg to 238 h at 1 mg/kg [101].

44.2.2.2  Clinical Efficacy

The therapeutic potential of ABCD has been assessed 
in open-label studies demonstrating activity in various 

invasive fungal diseases, including candidiasis, asper-
gillosis, and mucormycosis (zygomycosis) [58, 59]. A 
randomized trial comparing ABCD (6 mg/kg/day) and 
amphotericin B deoxycholate (1–1.5 mg/kg/day) in 
invasive aspergillosis showed low response rates with 
no differences in both arms [17]. Similar response 
rates between ABCD and amphotericin B deoxy-
cholate have also been shown in the treatment of per-
sistent febrile neutropenia [130].

44.2.2.3  Tolerability

The infusion-related effects are equivalent to or even 
more frequent than those of amphotericin B [17, 58, 
130]. Daily doses over 4 mg/kg are associated with 
more adverse effects. Pre-treatment medication (acet-
aminophen or diphenhydramine) and lowering of the 
infusion rate to no more than 1 mg kg−1 h−1 reduce the 
frequency and severity of infusion-related events. 
Renal tolerability is improved compared to amphoteri-
cin B deoxycholate.

44.2.3  Amphotericin B Lipid Complex

Amphotericin B lipid complex (ABLC) is a suspen-
sion of amphotericin B complexed to dimyristoylphos-
phatidylcholine and dimyristoyl phosphatidylglycerol. 
The particles are ribbon-shaped and 1,600–6,000 nm 
long [63].

44.2.3.1  Pharmacokinetics

After injection, ABLC is taken up by the macrophagic 
and monocytic cells of the reticuloendothelial system 
in complex form, explaining why ABLC concentrates 
mainly in the liver, spleen and lungs, and bone marrow 
[108, 133]. The lipid complexes are disorganized by 
the action of fungal or host cell-derived phospholi-
pases, thus releasing amphotericin B [107].

44.2.3.2  Clinical Efficacy

Clinical data supporting the activity of ABLC are 
mostly derived from open non-comparative trials and 
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from a registry [19, 62, 89, 123]. They showed signifi-
cant response rates of invasive candidiasis, aspergillo-
sis, fusariosis, and mucormycosis. There is still a lack 
of well-designed randomized trials to fix the exact role 
of ABLC in clinical practice.

44.2.3.3  Tolerability

The adverse effects of ABLC are similar in nature 
to those of amphotericin B deoxycholate, but their 
 frequency is far lower. In randomized comparison to 
liposomal amphotericin, patients treated with ABLC 
experienced more acute infusion-related events, includ-
ing dyspnea, and more nephrotoxicity [132].

44.2.4  Liposomal Amphotericin B

Liposomal amphotericin B is a formulation of ampho-
tericin B encapsulated in unilamellar liposomes. The 
liposomes are composed of hydrogenated soya phos-
phatidylcholine, cholesterol, and distearoyl phosphati-
dylglycerol at a ratio of 10:5:4 [108]. They have a 
diameter of approximately 80 nm.

44.2.4.1  Pharmacokinetics

The pharmacokinetic behavior of liposomal amphot-
ericin B is very different from that of amphotericin B 
deoxycholate and the other lipid formulations. The 
high plasma concentrations achieved with liposomal 
amphotericin B are explained by the fact that the small 
rigid liposomes are taken up less rapidly by the reticu-
loendothelial system [108]. The strongest concentra-
tions are found in liver and spleen, while pulmonary 
concentrations are variable. Studies have suggested 
that liposomal amphotericin B delivers amphotericin B 
to fungal cells by liposome fusion with the cell mem-
brane, leading to the death of the fungal cell [2].

44.2.4.2  Clinical Efficacy

Several randomized trials have confirmed the efficacy 
of liposomal amphotericin B for the treatment of 
 persistent febrile neutropenia and for invasive 

aspergillosis. In this latter study, a standard dose 
(3 mg/kg/day) of liposomal amphotericin B was com-
pared to a high-dose regimen (10 mg/kg/day for 10 
days followed by standard dose). Efficacy was similar 
in both arms, but tolerance was better with the stan-
dard dose. Most prophylaxis studies failed to demon-
strate a decrease in the incidence of pulmonary 
aspergillosis, with the exception of a randomized trial 
comparing aerosolized liposomal amphotericin B to a 
placebo [97].

44.2.4.3  Tolerability

The studies of empirical treatment of patients with 
febrile neutropenia serve as a good basis for appreciat-
ing tolerability [92, 122]. Patients treated with lipo-
somal amphotericin B (3 mg/kg/day) had fewer 
infusion-related events and less nephrotoxicity than 
patients treated with amphotericin B deoxycholate. 
Liposomal amphotericin B was also better tolerated 
than ABLC in a double-blind trial [132]. However, in 
studies comparing liposomal amphotericin B to caspo-
fungin or to micafungin, the echinocandins arm showed 
better tolerability [70, 127].

44.3  Azoles

Imidazoles are mostly used as topical agents, whereas 
triazoles have a greater affinity for fungal than mam-
malian CYP450 enzymes and are therefore safer for 
systemic use compared to the imidazoles. Triazoles 
used in hematological patients include fluconazole, 
itraconazole, voriconazole, and posaconazole. Among 
the azoles under development, isavuconazole seems to 
be the most promising.

Azole antifungal agents act by inhibiting ergosterol 
synthesis. Ergosterol is the predominant cell membrane 
sterol of most fungi, in contrast to mammalian cells 
where the membrane is mainly composed of  cholesterol. 
Azole antifungals inhibit the fungal  cytochrome P450-
dependent enzyme lanosterol 14a- demethylase. This 
inhibition results in an interruption of ergosterol synthe-
sis and the accumulation of toxic 14-methylsterol inter-
mediates. Both events cause an alteration of the fungal 
cell membrane. Antifungal azoles agents are mostly 
fungistatic rather than fungicidal. As azole antifungals 



574 R. Herbrecht and Y. Nivoix

can also inhibit many mammalian cytochrome P450-
dependent isoenzymes involved in hormone synthesis 
or drug metabolism, there is potential for toxicity or 
drug-to-drug interactions.

Various factors interfere with the pharmacokinet-
ics and metabolism of antifungal azoles, especially 
for itraconazole, voriconazole, or posaconazole. 
These conditions include the formulation of the anti-
fungal agent, variation in gastric pH, digestive tract 
dysfunction, genetic polymorphism of CYP450 isoen-
zymes, saturation of intestinal absorption or of metab-
olism, potential liver disease, and potential for 
interactions with food or with other drugs. The large 
variations seen with these agents in serum levels may 
be associated with decreased efficacy, increased tox-
icity, or occurrence of breakthrough infections, and 
monitoring of the serum levels may be useful [46, 87, 
109, 110].

44.3.1  Fluconazole

Fluconazole has a spectrum restricted to yeasts. 
Candida krusei is resistant to fluconazole, and Candida 
glabrata has limited susceptibility. Fluconazole is 
water-soluble and has been available as oral and intra-
venous formulations since the late 1980s.

44.3.1.1  Pharmacokinetics

Oral formulations of fluconazole have a bioavailability 
exceeding 90%, and the plasma concentration–dose 
relationship is linear. Absorption is not influenced by 
gastric pH or by food intake. Maximum serum levels 
are achieved between 0.5 and 1.5 h when taken in a 
fasting state. A loading double dose is recommended 
for the treatment of invasive diseases.

Protein binding is low (11%), and tissue diffusion is 
excellent with levels ranging from 0.8 to 3 times the 
serum levels, allowing the treatment of a variety of 
systemic fungal diseases [28]. Fluconazole undergoes 
minimal CYP450-mediated metabolism and is mainly 
eliminated unchanged in the urine; the average elimi-
nation half-life is approximately 30 h. A dosage adjust-
ment is required for patients with reduced creatinine 
clearance (<50 mL/min).

44.3.1.2  Clinical Efficacy

Several studies have shown a beneficial role of flucon-
azole (400 mg/day) for prophylaxis of yeast infections 
in allogeneic stem cell transplant patients with a sig-
nificant reduction of the incidence of invasive fungal 
diseases and of overall mortality [45, 103]. Despite 
some controversial results in clinical studies, meta-
analyses also demonstrated a benefit of fluconazole 
prophylaxis in patients undergoing intensive chemo-
therapy for acute leukemia: the incidence of proven 
invasive fungal diseases and fungal-related mortality is 
decreased, but the overall mortality and incidence of 
aspergillosis are not [16, 65]. Benefit is highest in cen-
ters with incidences of invasive fungal diseases >15% 
and for leukemia patients receiving doses of flucon-
azole >200 mg/day.

The role of fluconazole in the empiric therapy of 
febrile neutropenia is limited by its lack of activity 
against molds and against some Candida spp. Therefore, 
its use as empiric therapy should be restricted to patients 
at lowest risk of aspergillosis, excluding allogeneic 
stem transplant recipients, patients with prolonged 
severe neutropenia, and patients with a prior exposition 
to an azole who are more likely infected with a flucon-
azole-resistant Candida sp.

Epidemiology of invasive Candida infection has 
changed over the last 2 decades, and now more than 
half of the strains isolated in candidemia are non-albi-
cans Candida. Among these C. glabrata and C. krusei 
have reduced susceptibility to fluconazole and are 
associated with a high mortality rate. Fluconazole is 
therefore only considered as an option before species 
identification in invasive Candida disease. In this set-
ting, a lipid formulation of amphotericin B or an echi-
nocandin is preferred. Fluconazole can be proposed 
for deep-seated infections, including lung infections, 
when activity has been confirmed in vitro, especially 
when a long duration of therapy is required, as it is 
well tolerated and available as an oral formulation.

Fluconazole is active in vitro against Cryptococcus 
spp. While combination of amphotericin B deoxycholate 
(0.7–1.0 mg/kg/day) and flucytosine (100 mg/kg/day) 
given for 6 weeks has been the standard for treatment of 
CNS cryptococcosis in HIV positive and negative 
patients, a switch to maintenance therapy with flucon-
azole (400 mg/g) after 2 weeks of combination therapy 
is also accepted in guidelines [90]. Immunocompromised 
patients with severe pulmonary cryptococcal infections 
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or with cryptococcal fungemia should be treated in the 
same fashion as patients with CNS disease. Upfront flu-
conazole is a reasonable approach for patients with mild 
to moderate pulmonary infection.

44.3.1.3  Tolerability

Fluconazole is well tolerated. The most frequent 
adverse events are gastrointestinal. However, these 
events were not more frequent in fluconazole-treated 
patients than in patients receiving placebo in prophy-
laxis studies. Transaminase elevations are common, 
but usually do not need discontinuation of the therapy. 
Very high doses, far higher than those recommended 
for clinical use, have been associated with neurologi-
cal intolerance [5]. As fluconazole is less lipohilic than 
the other triazoles, it interacts less with cytochrome 
P450 isoenzymes and is therefore less subject to drug-
to-drug interactions.

A shift toward C. glabrata and C. krusei infections 
in patients receiving fluconazole has been reported.

44.3.2  Itraconazole

Itraconazole was introduced in 1987 when amphoteri-
cin B was the only anti-Aspergillus active agent avail-
able for systemic use [43]. Itraconazole was initially 
available as capsules and later as a solution in hydroxy-
propyl-b-cyclodextrin for oral and intravenous use. 
The spectrum of itraconazole includes Candida spp. 
(with high resistance rates in C. glabrata and C. kru-
sei), Cryptococcus neoformans, Aspergillus spp., 
dimorphic fungi, and agents of dermatomycosis.

44.3.2.1  Pharmacokinetics

Itraconazole is highly lipophilic. Absorption from the 
capsules is limited, is enhanced by food and an acidic 
beverage, and is decreased by concomitant antacid 
drugs. In contrast to the capsules, itraconazole in oral 
solution has a 30–40% higher bioavailability than that 
of the capsule formulation [9, 131]. Absorption of itra-
conazole oral solution is highest in the fasted state [10].

Itraconazole is extensively metabolized in the 
liver into many metabolites by CYP3A4. The main 

metabolite, hydroxyitraconazole, has antifungal activity 
[61]. Itraconazole and hydroxyitraconazole are both 
inhibitors of CYP3A4.

Itraconazole’s pharmacokinetics are not affected by 
renal function [13]. However, the intravenous formula-
tion is contraindicated in patients with a creatinine 
clearance below 30 mL/min due to the accumulation of 
the solubilizing agent, hydroxypropyl-b-cyclodextrin. 
In patients with minor or moderate degrees of hepatic 
insufficiency, initial dosing of itraconazole does not 
need to be changed. Monitoring of serum levels is rec-
ommended to adjust further dosage targeting through 
concentrations of 500–2,000 ng/mL.

44.3.2.2  Clinical Efficacy

A small randomized study showed no difference in effi-
cacy in a comparison of itraconazole (capsules at a dos-
age of 400 mg/day) versus a low dose of amphotericin 
B deoxycholate plus flucytosine for the treatment of 
suspected fungal infections in neutropenic patients 
[114]. An open trial was conducted in 76 patients 
with invasive aspergillosis. Itraconazole capsules were 
given at a dose of 600 mg/day for 4 days followed by 
400 mg/day [30]. An overall favorable response rate 
was 39%, suggesting at this time that itraconazole 
could be an alternative to amphotericin B deoxycholate 
for invasive aspergillosis and that a controlled trial 
should be performed. This trial has never been per-
formed because of the development of more promising 
agents such as the lipid formulations of amphotericin B 
and voriconazole, and also because of the erratic 
absorption of itraconazole capsules.

In the 1990s, itraconazole capsules were mainly 
used with some satisfactory results as oral follow-up 
therapy in patients with invasive aspergillosis who 
responded to amphotericin B deoxycholate, and also in 
patients with chronic necrotizing aspergillosis, asperg-
illoma, and allergic bronchopulmonary aspergillosis 
who required a long duration of therapy [27, 29, 31, 
128]. The further development of an oral and an intra-
venous solution led to the assessment of itraconazole in 
empiric and in prophylactic therapy of invasive fungal 
diseases in high-risk hematological patients and solid 
organ recipients. Several studies suggested a superior-
ity of itraconazole over fluconazole in the prevention of 
fungal disease in leukemic patients, including a reduc-
tion in the incidence of aspergillosis [74]. Patients with 
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a chronic granulomatous disease may also benefit from 
prophylaxis with itraconazole as shown in a random-
ized placebo controlled trial in 39 patients [40]. 
Currently, the role of itraconazole is mostly restricted 
to prophylaxis (preferably with the i.v. formulation fol-
lowed by the oral solution) and to maintenance therapy 
of invasive aspergillosis in case of contraindications to 
voriconazole and posaconazole.

44.3.2.3  Tolerability

Itraconazole capsules are generally well tolerated. 
Itraconazole oral solution is associated with digestive 
tract intolerance, mainly nausea, vomiting, diarrhea, 
and abdominal pain, which can lead to a very high rate 
of discontinuation (up to 36%) [42]. These events are 
more likely to be due to the vehicle, hydroxypropyl-b-
cyclodextrin, than to the antifungal agent itself. 
Itraconazole has also been associated with mild hepatic 
toxicity [15, 44].

Severe hepatic events have been reported in alloge-
neic hematopoietic stem cell transplant recipients 
receiving itraconazole prophylaxis concomitantly to 
cyclophosphamide [80, 81]. Analysis demonstrated 
higher exposure to toxic cyclophosphamide metabo-
lites among recipients of itraconazole compared with 
fluconazole, explaining the conditioning-related liver 
toxicities.

Fifty-eight cases suggestive of congestive heart 
failure in association with the use of itraconazole have 
been summarized in a publication [3]. The labeling of 
itraconazole has been changed to alert physicians to 
this finding, and itraconazole is now contraindicated 
for the treatment of superficial fungal infections in 
patients with signs of congestive heart failure or other 
ventricular dysfunction.

As with other azoles, neurotoxicity, sometimes 
severe, has been observed when itraconazole is con-
comitantly administered with vincristine [18]. The pro-
posed mechanism cans most likely be attributed to 
either the inhibition by the azole of CYP3A4 enzymes 
that are involved in vincristine metabolism or the block-
ade of P-glycoprotein pumps that participate in the cel-
lular efflux of vinca alkaloids [18, 82]. This interaction 
with vincristine is likely to occur with other vinca alka-
loids as they share similar metabolic pathways. Rare 
cases of neuropathy have also been reported in the 
absence of concomitant vincristine administration.

Itraconazole serum levels should be monitored in 
all patients treated with itraconazole capsules for a 
prolonged period for invasive fungal diseases such as 
aspergillosis or histoplasmosis [46]. A trough serum 
level of 500 ng/mL of itraconazole, measured by 
HPLC, has been considered as adequate for prophy-
laxis [44]. A trough concentration of itraconazole 
around 1,000 ng/mL should be considered as a target 
concentration for activity against invasive aspergillosis 
[43]. The additional concentration of the active first-
pass metabolite of itraconazole, hydroxyitraconazole, 
more than doubles the total serum concentration.

44.3.3  Voriconazole

Voriconazole is available for oral administration as tab-
lets, as an oral suspension, and as an intravenous for-
mulation using sulphobutyl ether b-cyclodextrin 
sodium as the solubilizing agent. Voriconazole has 
broad-spectrum activity against most pathogenic yeasts, 
dimorphic fungi, and Aspergillus spp. and opportunis-
tic molds, excluding Zygomycetes [35, 50, 118].

44.3.3.1  Pharmacokinetics

Voriconazole is absorbed rapidly after oral administra-
tion, reaching maximum serum concentrations within 
1–2 h [71]. Administering voriconazole with food 
delays the time to reach maximum plasma levels to 
approximately 2.5 h, and fat decreases the bioavail-
ability of voriconazole, with reductions of approxi-
mately 30% in the area under the curve and peak 
plasma concentration. Bioavailability >90% has been 
reported in healthy volunteers. Absorption is not 
affected by antacid agents.

Interpatient variability in peak serum concentration 
and area under the curve values have been observed 
after multiple doses; therefore, a wide range of plasma 
drug concentrations can be expected in patients treated 
with the same dose of voriconazole. Steady-state 
trough plasma concentrations are reached after 5 days 
of oral or intravenous administration, but can be 
achieved after 3 days if a loading dose is given.

Voriconazole exhibits non-linear pharmacokine - 
tics in adult patients due to saturable first-pass 
 metabolism and systemic clearance; thus, peak plasma 
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concentrations and the area under the curve increase 
disproportionately with increasing dose [71]. It is esti-
mated that, on average, increasing the oral dose in 
healthy subjects from 200 to 300 mg leads to a 2.5-fold 
increase in exposure (area under the curve), while 
increasing the intravenous dose from 3 to 4 mg/kg pro-
duces a 2.3-fold increase in exposure. The mean elimi-
nation half-life of orally administered voriconazole is 
6–12 h, although this is also dose-dependent. 
Voriconazole binds moderately to plasma proteins 
(58–65%). The drug penetrates well into body fluids, 
including the CSF.

Extensive metabolism of voriconazole takes place 
in the liver via the hepatic cytochrome P450 isoen-
zymes CYP3A4, CYP2C19, and CYP2C9. Metabolites 
have minimal antifungal activity. The major enzyme 
involved in the metabolism of voriconazole is 
CYP2C19, which exhibits genetic polymorphism. 
Between 15% and 20% of Asians are expected to be 
poor metabolizers of voriconazole and have a conse-
quent fourfold higher exposure to voriconazole. 
Conversely, only 3–5% of Caucasians and Blacks are 
expected to show genetic polymorphism.

Patients with mild to moderate hepatic impairment 
have an area under the curve threefold higher than that 
of normal patients. High accumulation of voriconazole 
has been shown in a patient with liver cirrhosis [129]. 
It is recommended that the standard loading dose regi-
mens should be used, but the maintenance dose halved 
in patients with mild to moderate hepatic cirrhosis 
receiving voriconazole. The drug is contraindicated in 
patients with severe hepatic dysfunctions.

Patients with renal disease had similar voriconazole 
pharmacokinetics to healthy volunteers. Renal impair-
ment was found to decrease the clearance of sulphobu-
tyl ether b-cyclodextrin sodium used as the solubilizing 
agent in the intravenous preparation. This i.v. formula-
tion is thus contraindicated in patients with a creati-
nine clearance <30 mL/min.

44.3.3.2  Clinical Efficacy

Voriconazole has a major role in the treatment of inva-
sive aspergillosis, in addition to its activity in oropha-
ryngeal and esophageal candidiasis, candidemia, and 
in some of the more unusual fungal diseases, such as 
fusariosis and scedosporiosis, where treatment options 
are limited [56, 64].

Voriconazole has been compared to amphotericin B 
deoxycholate for primary therapy in 277 patients with 
invasive aspergillosis [56]. Patients given voriconazole 
had a higher successful outcome rate with a 53% (com-
plete 21%, partial 32%) response compared to a 32% 
response of those given amphotericin B (complete 
17%, partial 15%). Twelve-week survival was higher 
in the voriconazole group (71%) compared with only 
58% in the amphotericin B group. Voriconazole was 
more effective than amphotericin B regardless of the 
underlying condition, the site of infection, the pres-
ence or absence of neutropenia, or the degree of cer-
tainty of the diagnosis of aspergillosis.

Voriconazole has been compared to liposomal 
amphotericin B for the empiric treatment of invasive 
fungal disease in neutropenic patients with persistent 
fever [125]. The non-inferiority of voriconazole could 
not be demonstrated, but a difference was reported in 
favor of voriconazole in the number of patients who 
developed a breakthrough fungal infection during the 
treatment. Voriconazole was better tolerated than lipo-
somal amphotericin B. Voriconazole has not been 
approved for this indication, but is nevertheless recom-
mended by the Infectious Diseases Society of America 
guidelines, similarly to liposomal amphotericin B and 
caspofungin, for empiric therapy in persistent febrile 
neutropenia [121].

44.3.3.3  Tolerability

Voriconazole has a good safety profile. The most fre-
quent adverse reactions reported after administration 
of oral or intravenous voriconazole are visual distur-
bances, hepatic abnormalities, and skin reactions. 
Visual disturbances (enhanced light perception, blurred 
vision, photophobia, or altered color discrimination) 
are usually mild to moderate in severity, occur shortly 
after dosing, and usually last up to 30 min. Visual dis-
turbances have been reported in approximately 30–45% 
of patients receiving voriconazole in clinical studies 
and are most common during the first days of therapy 
[55]. The retina has been shown to be the site of these 
side effects with decreased amplitude of electroretino-
gram waveforms in dogs and humans. However, no 
long-term visual sequelae have been reported.

Elevations in hepatic enzymes occur in 4–27% of 
patients receiving voriconazole and are generally asso-
ciated with high plasma levels and/or doses of the drug 
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[55, 64]. The usual pattern is increased in aspartate 
aminotransferase and alanine aminotransferase, but an 
increase in alkaline phosphatase and bilirubin levels 
have also been reported. Rare cases of severe hepatic 
reactions have been reported during clinical trials, 
including clinical hepatitis, cholestasis, and fulminant 
hepatic failure with resulting fatalities. Patients should 
be warned about the possible visual disturbances asso-
ciated with voriconazole. Patients with mild-to-moder-
ate hepatic cirrhosis should receive the normal loading 
dose of voriconazole, but the maintenance dose should 
be reduced by half. Data are insufficient for patients 
with severe hepatic cirrhosis, and voriconazole is 
therefore contraindicated. Patients with renal insuffi-
ciency and reduced creatinine clearance (<50 mL/min) 
should take oral voriconazole and should not be given 
the intravenous preparation to prevent accumulation of 
the solubilizing agent, sulphobutyl ether b-cyclodex-
trin sodium, unless the benefit/risk to the patient justi-
fies the use of intravenous form.

Skin reactions, mostly rashes, have been reported in 
1–19% of patients receiving voriconazole [55, 64]. 
Photosensitivity can occur, and patients taking vori-
conazole should be advised to avoid strong, direct sun-
light during the course of their treatment. Other adverse 
reactions reported with voriconazole include nausea, 
vomiting, diarrhea, headaches, and visual hallucina-
tions or confusion. Similar to itraconazole, concomi-
tant administration of voriconazole and vinca alkaloids 
should be avoided.

Voriconazole therapy has been identified as a risk 
factor for developing mucormycosis [68, 110]. In most 
cases voriconazole has been administered for primary 
or secondary prophylaxis in hematopoietic stem cell 
transplant recipients, and most patients also had sev-
eral of the previously established risk factors for 
mucormycosis. In a multivariate analysis, voriconazole 
therapy as well as diabetes mellitus and malnutrition 
were independently associated with the occurrence of 
mucormycosis [68]. It has also been suggested that an 
increased rate of mucormycosis might more likely be 
related to recent improved diagnostic procedures of 
this disease rather than a selection of the agents of 
mucormycosis by voriconazole.

Large variability of voriconazole serum levels 
has been documented in patients [87, 109, 110]. 
Underexposure to voriconazole (serum level £1,000 
ng/mL) can result in failure to cure the infection and in 

increased risk of breakthrough infection. Overexposure 
also needs to be documented in patients with unex-
pected toxicity: a correlation has been found between 
high serum levels (>5,500 ng/mL) and occurrence of 
encephalopathy. As under- and overexposure lead to 
adverse events or to failures to respond, monitoring of 
voriconazole through the serum level is recommended 
to optimize the safety and efficacy [121].

44.3.4  Posaconazole

Posaconazole is an extended-spectrum triazole that is 
currently only available as an oral suspension. An 
intravenous formulation is under development. Like 
other triazoles, posaconazole inhibits fungal ergosterol 
synthesis. Posaconazole is active against Candida spp., 
including C. krusei and C. glabrata, C. neoformans, 
dimorphic fungi such as Coccidioides immitis and 
Histoplasma, Aspergillus spp., Fusarium spp., and 
some other filamentous fungi involved in human dis-
ease. Importantly, the spectrum of activity includes 
also Zygomycetes, and clinical trials have shown the 
efficacy of posaconazole in invasive mucormycosis [4, 
48, 112].

44.3.4.1  Pharmacokinetics

Posaconazole exhibits dose-proportional pharmacoki-
netics up to 800 mg/day [24, 36]. No increase in area 
under the curve is observed when the posaconazole 
dose is further increased. Posaconazole exposure is 
enhanced two to four times by administration with 
food, with peak plasma concentrations attained at ~5–6 
h post dose [25]. Similarly, administration of posacon-
azole with a nutritional supplement increases approxi-
mately threefold the maximum plasma concentration 
and the area under the curve. To optimize absorption, 
each dose of posaconazole should be administered 
with a full meal or a liquid nutritional supplement. 
Alternative antifungal therapy must be considered in 
patients not able to take food or oral nutritional 
supplement.

Posaconazole has extensive tissue distribution and 
a long half-life. Steady-state concentrations are 
achieved within 7–10 days. Posaconazole is primarily 
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metabolized in the liver, where it undergoes glucuroni-
dation and transformation into other biologically inac-
tive metabolites [69]. Approximately 14% of an 
administered dose is excreted as multiple glucuroni-
dated derivatives in the urine; an additional 77% is 
eliminated as unchanged drug in the feces. Minor 
amounts are excreted in the urine.

Posaconazole is not primarily metabolized by CYP 
enzymes [54]. Thus, coadministering drugs that inter-
act with the CYP enzyme system is unlikely to alter 
posaconazole plasma concentrations. An evaluation of 
the effects of posaconazole on the various CYP 
enzymes demonstrated an inhibitory effect on CYP3A4 
activity, but no influence on the activity of the other 
isoenzymes (CYP1A2, CYP2C8/9, CYP2D6, or 
CYP2E1). Posaconazole may have the potential for 
fewer drug interactions compared with other azole 
antifungal agents.

Posaconazole pharmacokinetics are not signific-
antly influenced by age, ethnicity, or renal or hepatic 
function [54]. No dose adjustment is necessary to 
accommodate for differences in these patient factors.

44.3.4.2  Clinical Efficacy

Two large randomized studies demonstrated the effi-
cacy of posaconazole given for prophylaxis of invasive 
fungal diseases in high-risk patients [23, 111]. The 
first study compared oral posaconazole (200 mg three 
times a day) to oral fluconazole in allogeneic stem cell 
transplant recipients with graft-versus-host disease 
who received immunosuppressive therapy [111]. 
Posaconazole was as effective as fluconazole in pre-
venting all invasive fungal diseases and was superior to 
fluconazole in preventing proven or probable invasive 
aspergillosis. Posaconazole significantly reduced the 
fungal-related mortality, but overall mortality was sim-
ilar in both arms. The second study compared posa-
conazole (200 mg three times a day) to either 
fluconazole or itraconazole in patients with prolonged 
neutropenia following intensive chemotherapy for 
acute myeloblastic leukemia or myelodysplastic syn-
drome [23]. Fewer patients receiving posaconazole 
had a probable or proven invasive fungal disease, and 
fewer patients had aspergillosis. The overall survival 
rate was significantly higher in patients treated with 
posaconazole.

The efficacy and safety of posaconazole oral 
 suspension (200 mg/day four times a day or 400 twice 
a day) have been investigated in an open-label study in 
patients with invasive aspergillosis who were refrac-
tory to or intolerant of conventional antifungal therapy 
[126]. Posaconazole conferred a response and survival 
benefit as compared to an external control group. 
Interestingly, a dose response analysis showed a 75% 
response rate in the quartile of patients with the high-
est posaconazole serum levels and only a 24% response 
rate in the quartile of patients with the lowest serum 
levels.

Posaconazole has also shown efficacy as salvage 
therapy of mucormycosis [48, 112]. A 60% favorable 
response rate has been obtained. Outcome may differ 
according to the genus and species of the Mucorales. 
While response rates were high in Absidia spp., 
Cunninghamella spp., and Mucor spp., they were lower 
in Rhizopus spp. and Rhizomucor spp. infections. So 
far, posaconazole cannot be recommended for first-line 
therapy of mucormycosis except in case of contraindi-
cation to amphotericin B formulations. Its role in sal-
vage and in maintenance therapy has been recognized.

44.3.4.3  Tolerability

Posaconazole oral solution is usually well accepted 
by the patients. Posaconazole has a safety profile sim-
ilar to fluconazole [23, 111]. Most frequent adverse 
events are gastrointestinal events, such as nausea, 
vomiting, diarrhea, anorexia, and abdominal pain. 
Hepatic toxicity is low and rarely requires discontinu-
ation of the treatment [126]. Skin rashes have been 
reported in 4% of the patients. As for other azoles, 
posaconazole may increase the neurotoxicity of vinca 
alkaloids [77].

Little information is available regarding the use of 
posaconazole drug monitoring. Monitoring serum 
levels in a clinical trial showed a variability in through 
serum levels of more than a 1–10 ratio [126]. The 
highest serum levels were associated with the highest 
response rates. Conversely, 25% of the patients had 
very low serum levels, and only 24% of them 
responded to therapy. Early identification of these 
patients allows switching to another therapy to 
increase the probability of efficacy of the antifungal 
treatment.
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44.3.5  Isavuconazole

Isavuconazole is a new broad-spectrum oral and intra-
venous azole currently in phase III clinical trials. In 
vitro, isavuconazole is active against Candida spp., 
including fluconazole-resistant strains, and against 
Aspergillus species most frequently involved in human 
infections, including Aspergillus terreus [50]. Isa-
vuconazole has also activity against dermatophytes 
and some Zygomycetes.

The drug is being developed as a water-soluble 
prodrug (BAL8557) suitable for oral and intravenous 
administration. The prodrug is rapidly and almost 
totally (>99%) converted by esterases into BAL8728 
(prodrug cleavage product) and to the active drug (isa-
vuconazole, BAL4815). The drug is characterized by a 
long elimination half life (56–77 h after oral adminis-
tration and 76–104 h after intravenous administration) 
[88]. The most frequent adverse events reported in 
phase two studies were headache, nasopharyngitis, and 
rhinitis. Phase III studies are ongoing in invasive asper-
gillosis (compared to voriconazole) and in invasive 
candidiasis (compared to caspofungin followed by oral 
voriconazole).

44.4  Echinocandins

The echinocandins are semisynthetic lipopeptides 
produced via chemical modification of natural prod-
ucts of fungi [34]. Echinocandins block the synthesis 
of b (1,3)-d-glucan, an essential carbohydrate com-
ponent of the cell wall of numerous fungal species, 
by non-competitive inhibition of the enzyme b 
(1,3)-d-glucan synthase. Inhibition of the synthesis of 
b (1,3)-d-glucan produces a double effect – fungi-
static and fungicidal. The fungistatic effect results 
from blockade of the cell wall synthesis, reducing 
fungal growth. The fungicidal effect results from a 
change in the integrity of the wall, which loses its 
properties of mechanical resistance and becomes 
unable to resist the intracellular osmotic pressure, 
leading ultimately to destruction of the fungal cell. 
Mammalian cells do not contain b (1,3)-d-glucan, 
thus avoiding direct human cell toxicity of the 
echinocandins.

Three echinocandins are approved: caspofungin, 
micafungin, and anidulafungin. They are active against 

Candida spp., including azole-resistant Candida 
spp., and Aspergillus spp., but lack activity against 
Cryptococcus spp., Trichosporon spp., Fusarium spp., 
and Zygomycetes.

44.4.1  Caspofungin

Caspofungin was the first echinocandin on the market 
in the USA and Europe. It has been assessed in can-
didiasis, aspergillosis, and empiric therapy of persis-
tent febrile neutropenia.

44.4.1.1  Pharmacokinetics

The oral bioavailability of caspofungin is very low, 
requiring parenteral administration. Pharmacokinetics 
are linear in humans after single doses ranging from 5 
to 100 mg [105]. The b-phase half-life is long (9–11 h), 
leading to moderate accumulation after administration 
of multiple doses. Caspofungin is mainly eliminated in 
the urine and the feces as metabolites [7]. Very little 
caspofungin is excreted in urine.

Metabolism of caspofungin is thought to be inde-
pendent of the cytochrome system, and caspofungin 
does not inhibit the cytochrome P450 isoenzymes. 
Nevertheless, interaction studies suggest that caspo-
fungin concentrations are reduced during concomitant 
administration of cytochrome inducers. Caspofungin 
does not cause any significant change in the  pharm - 
acokinetics of amphotericin B, itraconazole, cyclo-
sporine, or mycophenolate [66]. However, concen - 
trations of tacrolimus are reduced by around 20% 
 during administration of caspofungin, necessitating 
closer monitoring of serum tacrolimus concentrations. 
In contrast, cyclosporine increases the area under the 
curve of caspofungin by about 35%, but these alte-
rations are not sufficient to suggest any dosage 
modification.

There is no need to reduce the dosage in elderly 
subjects, nor in cases of moderate renal insufficiency 
or mild hepatic insufficiency. In patients with moder-
ate hepatic insufficiency, it is recommended to reduce 
the dosage to 35 mg/day after a loading dose of 70 mg 
on day 1. Insufficient data are available in patients 
with severe hepatic failure. Caspofungin is not 
dialysable.
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44.4.1.2  Clinical Efficacy

Large studies have convincingly shown excellent 
efficacy and safety in invasive candidiasis [83, 86]. 
Response rates were also satisfactory with caspo-
fungin given as monotherapy or in combination for 
salvage therapy of invasive aspergillosis [75, 76]. 
Data are however less convincing for primary ther-
apy of invasive aspergillosis with a low response 
rate and survival in leukemic patients, but higher 
rates in allogeneic stem cell transplant recipients 
[60, 120]. Of note, all these patients had a mycologi-
cally documented infection, which was not the case 
in studies with voriconazole or liposomal amphot-
ericin B [22, 56]. Caspofungin has also been suc-
cessfully assessed for empiric therapy of persistent 
febrile neutropenia [127].

44.4.1.3  Tolerability

Caspofungin is a well-tolerated antifungal drug [12, 
83, 86, 127]. Serious drug-related adverse effects 
and discontinuation of therapy because of drug-
related adverse events were uncommon in clinical 
trials. The most commonly encountered drug-related 
adverse effects are fever, phlebitis at the infusion 
site, headache, and nausea. Renal tolerability is 
excellent, even on prolonged treatment. Transient 
mild to moderate elevations in alanine aminotrans-
ferase levels can be seen.

44.4.2  Micafungin

Micafungin is a semisynthetic, water-soluble, lipopep-
tide, antifungal agent of the echinocandin class with 
fungicidal activity toward Candida spp. and fungistatic 
activity toward Aspergillus spp.

44.4.2.1  Pharmacokinetics

Similarly to the other echinocandins, micafungin has 
a low oral bioavailability requiring parenteral admin-
istration. It exhibits a linear relationship between 
systemic exposure and dosage. The mean elimination 

half-life is 14.6 h, which is compatible with a 
 once-daily dosing strategy. Steady state is achieved 
by day 4. Seventy to ninety percent of a dose is 
excreted as unchanged drug or metabolites in feces 
through the biliary route [51, 100]. Micafungin is not 
metabolized by hepatic cytochrome P450 (CYP450) 
iso enzymes. Hepatic biotransformation of mica-
fungin is primarily mediated by arylsulfatase fol-
lowed by  catechol-O-methyltransferase. Moderate 
hepatic impairment conferred no clinically signifi-
cant difference on micafungin pharmacokinetic 
parameters. Renal excretion of the parent drug is 
negligible, and severe renal impairment has no effect 
on micafungin disposition.

44.4.2.2  Clinical Efficacy

Most clinical trials have investigated the efficacy and 
safety of micafungin in the treatment of invasive can-
didiasis and its prophylactic capacity in neutropenic 
patients undergoing hematopoietic stem cell transplan-
tation [70, 86, 113].

Micafungin was as effective as and better tolerated 
than liposomal amphotericin B in patients with inva-
sive candidiasis [70]. In a second study, micafungin 
was not inferior to caspofungin [86]. Micafungin (50 
mg/day) proved to be as effective as fluconazole for 
prophylaxis of invasive fungal disease in patient under-
going autologous or allogeneic hematopoietic stem 
cell transplantation [113]. Fewer episodes of aspergil-
losis occurred in the micafungin group; the difference 
was close to statistical significance.

Clinical data regarding the use of micafungin in the 
management of invasive aspergillosis are so far insuf-
ficient to allow any recommendation.

44.4.2.3  Tolerability

The most frequently reported treatment-related 
adverse events are nausea, vomiting, phlebitis, 
hypokalemia, fever, and diarrhea, as well as increases 
in alkaline phosphatase, aspartate aminotransferase, 
and alanine aminotransferase. Micafungin was as well 
tolerated as caspofungin in a double-blind compara-
tive study [86].
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44.4.3  Anidulafungin

Anidulafungin is the third approved echinocandin, 
with a spectrum and activity similar to caspofungin 
and micafungin. Anidulafungin is a semi-synthetic 
derived from a fermentation product of Aspergillus 
nidulans [99]. As for the other echinocandins, oral bio-
availability is low, and i.v. administration is required. 
Anidulafungin has been successfully assessed in 
Candida infections [39, 93, 115].

44.4.3.1  Pharmacokinetics

Anidulafungin is distinct among the echinocandins in 
that it undergoes slow degradation from a ring form 
into a linear peptide by non-specific chemical pepti-
dases in human plasma with no evidence of hepatic-
mediated metabolism [99]. Anidulafungin is eliminated 
predominantly as degradation products in the feces. As 
a consequence, impairments in renal or hepatic func-
tion do not substantially alter its pharmacokinetics 
[32]. The primary degradation product does not retain 
antifungal activity. The terminal half-life is longer 
(approximately 1 day) than for micafungin and 
caspofungin.

Anidulafungin has not demonstrated any drug–drug 
interactions because it is not a substrate, inhibitor, or 
inducer of the cytochrome P450 enzyme system.

44.4.3.2  Clinical Efficacy

A large phase III study compared anidulafungin and 
fluconazole in invasive candidiasis in adult patients 
[93]. The response rate was higher in the group of 
patients receiving anidulafungin. The frequency and 
types of adverse events were similar in the two groups. 
A combination of anidulafungin plus liposomal 
amphotericin B has been assessed in invasive aspergil-
losis in a very low number of patients. Safety analysis 
did not demonstrate any unexpected toxicity. Efficacy 
analysis has not yet been published.

44.4.3.3  Tolerability

Anidulafungin is well tolerated in adults and pediatric 
patients, with few reported adverse drug events.

44.5  Flucytosine

Flucytosine (5-fluorocytosine) acts as an antimetabo-
lite. It is activated by deamination within the fungal 
cells to 5-fluorouracil, resulting in an inhibition of fun-
gal DNA and proteins synthesis. Flucytosine is avail-
able in an oral form and as an i.v. preparation.

Its spectrum is restricted to Candida species and 
C. neoformans with evidence of primary and acquired 
resistance in some strains. Flucytosine is also active 
against some of the dematiaceous fungi [116].

Flucytosine should not be used as monotherapy 
with the exception of the treatment of urinary tract 
infections due to non-albicans Candida species [85]. 
Resistance may develop rapidly during therapy. 
Flucytosine has been recommended by expert panels 
for severe Candida infections in combination with 
amphotericin B. It is also the partner of amphotericin 
B in the standard of care for the initial therapy of 
C. neoformans neuromeningeal and disseminated 
infections, especially in AIDS patients [90]. In this lat-
ter indication, flucytosine is given at a daily dose of 
100 mg/kg/day concomitantly with amphotericin B 
deoxycholate (0.7–1.0 mg/kg/day) for 2 weeks.

Most common toxicities are hematopoietic, occur-
ring mainly in patients with renal impairment and liver 
toxicity [116].

44.6  Combination Antifungal Therapy

Combination of two antifungal agents has been pro-
posed to improve further the outcome of the most 
severe of these infections. Combination therapy could 
confer antimicrobial synergy (resulting from inhibi-
tion of different stages of the same pathway, increased 
intracellular penetration of an agent by the action of 
another agent on the cell wall or membrane, transport 
interaction, or action on different molecular targets), 
complementary pharmacokinetics, a broader spectrum 
for empiric or pre-emptive therapy, or reduced acquired 
resistance. Expected clinical results are: increased 
response rate and survival, accelerated response to 
therapy allowing shorter treatment duration, and reduc-
tion in length of hospitalization. However, a combina-
tion of antifungal agents may also lead to antagonism 
or to increased toxicity, and will considerably increase 



58344 Antifungal Therapy in Patients with Hematological Malignancies

antifungal drug acquisition costs. Substantial amounts 
of in vitro and experimental data support the use of 
antifungal combination. Unfortunately, clinical data 
are only limited and somewhat controversial.

The best example of the beneficial effect of combi-
nation therapy was shown in cryptococcosis more than 
2 decades ago and is still recommended for treatment 
of neuromeningeal cryptococcosis and of severe non-
neuromeningeal infections [90]. The combination of 
amphotericin B and flucytosine provided a higher 
response rate and a lower relapse rate in patients with 
neuromeningeal cryptococcosis [11]. These results 
were later confirmed in HIV positive patients, and 
combination therapy is now recommended for first-
line therapy of neuromeningeal and severe pulmonary 
cryptococcosis.

Data are less convincing in invasive candidiasis. 
Combination of amphotericin B and flucytosine has 
also been recommended in guidelines for the most 
severe forms of invasive candidiasis, but this recom-
mendation was based on expert opinions and not on 
data [33]. Later a large clinical trial compared flucon-
azole alone and a combination of amphotericin B plus 
fluconazole in candidemia, showing a higher response 
rate and less failure to clear the cultures, but also a 
higher rate of nephrotoxicity and no difference in sur-
vival [33, 96]. Currently, the recommendation is to 
treat invasive candidiasis using monotherapy except 
for in cases of endocarditis, endophtalmitis, or central 
nervous system infections where combination therapy 
seems, according to expert opinions, to be a better 
approach [85].

Combinations including echinocandins look most 
promising in invasive aspergillosis. In vitro and experi-
mental results suggest potential synergy with amphot-
ericin B plus echinocandin or with triazoles plus 
echinocandins against Aspergillus. Successful out-
comes after failure of a previous line of antifungal 
therapy have been presented in invasive aspergillosis 
in single case reports, short series, or comparison to a 
historical control group [79, 102]. In the absence of 
results from a randomized trial and according to inter-
national guidelines, combination therapy cannot yet be 
recommended for the primary treatment of patients 
with invasive aspergillosis [57, 121]. Combination 
therapy remains, however, an alternative to salvage 
therapy after failure of primary monotherapy.

Echinocandins alone are not active in vitro against 
Mucorales, but synergy with amphotericin B has been 

shown in experimental models. Preliminary clinical 
data suggest these experimental results could translate 
into a major benefit in clinical practice [94]. Two pre-
clinical studies assessed the effect of combining posa-
conazole and amphotericin B [104]. In the first study 
an increase in survival was observed in neutropenic 
mice; in the second study there was no benefit from 
combination therapy. In vitro, data also suggest the 
synergistic effect of the combination of caspofungin 
and posaconazole [49]. No clinical data are available. 
Deferasirox, an iron chelator, inhibits growth of some 
of the Mucorales species. Interestingly, animal models 
show major synergy of deferasirox and amphotericin 
B, resulting in major expectations for clinical use. So 
far, combination therapy is not recommended for the 
primary treatment of mucormycosis, but is an alterna-
tive for second line therapy.
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45.1  Introduction

Despite substantial advances in antiviral therapy, 
opportunistic viral infections with HSV, VZV and 
CMV have a major impact on morbidity and mortality 
in immunocompromised patients, such as patients with 
hematological malignancies or after hematopoietic 
stem cell transplantation (HSCT). Since reactivation of 
latent viruses is the predominant mechanism of clini-
cally relevant infection, antiviral prophylaxis is an 
attractive approach for patients expecting immunosup-
pression [1]. Beside prevention of viral transmission, 
the use of antiviral agents is the key element in treat-
ment and prophylaxis of viral infection in immuno-
compromised hosts.

Currently, a variety of antiviral agents is approved 
for clinical use, as well as for prophylaxis or for treat-
ment of an established infection [2]. The purpose of 
this review is to discuss antiviral agents used for the 
treatment of herpes viruses (HSV, VZV, and CMV) 
and respiratory viruses.

This review will not discuss or support the use of 
immunoglobulins in prophylaxis or treatment of viral 
infection because its efficacy has not been demon-
strated in randomized trials so far.

45.2  Herpes Viruses

45.2.1  Acyclovir and Valacyclovir

Acyclovir is a nucleoside analog with in vitro antiviral 
activity against HSV, VZV and CMV [3]. Valacyclovir 
is a prodrug of acyclovir and shares the same mech-
anism of action with similar adverse effects [4]. 
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Intravenous acyclovir is the treatment of choice for 
systemic and severe HSV disease. It acts as a competi-
tive inhibitor of viral polymerase and HSV thymidine 
kinase and host cellular enzymes to become active as 
acyclovir triphosphate. Since CMV does not encode 
thymidine kinase, it is less susceptible to acyclovir 
than HSV and VZV. Both acyclovir and valacyclovir 
are commonly used as prophylaxis against HSV reac-
tivation in patients who are treated with agents result-
ing in profound T-cell suppression as purine analogs, 
alemtuzumab or after autologous or allogeneic stem 
cell transplantation (Table 45.1).

The oral absorption of acyclovir results in a bio-
availability of 15–30%. It should be administered 

intravenously to reach high serum levels in the 
 treatment of less susceptible herpes viruses as VZV. 
Valacyclovir is the L-valyl ester prodrug of acyclovir 
and is rapidly hydrolyzed to acyclovir by the liver and 
the gastrointestinal tract. This results in three to five 
times higher plasma levels than achieved with oral 
acyclovir. The bioavailability of valacyclovir was 
found to be 54.2% after an oral dose of 1,000 mg.

Both drugs have excellent safety profiles. Common 
adverse events are rash, headache, nausea and diarrhea. 
Confusion, renal failure and severe thrombocytopenic 
syndromes have been reported after treatment with 
high doses of intravenous acyclovir. Since acyclovir is 
primarily eliminated by the kidney through glomerular 

Agent Indication Treatment

Acyclovir HSV, VZV, CMV PROPHYLAXIS

 HSV 2–3 × 400 mg/day

 VZV 2 × 800 mg/day allo SCT

2 × 400 mg/day Bortezomib

 CMV 4 × 800 mg/day allo SCT

TReATMeNT

 HSV 5 mg/kg iv every 8 h for 7–10 day

 VZV 5 mg/kg iv every 8 h for 7–10 day

5 × 800 mg/day

 Diss. infection 10 mg/kg iv every 8 h

Valacyclovir HSV, VZV PROPHYLAXIS

 HSV/VZV 2–3 × 500 mg/day

 CMV 4 × 2 g/day allo SCT

TReATMeNT

 HSV/VZV 3 × 1 g/day

Ganciclovir CMV  PROPHYLAXIS 5–6 mg/kg iv/day for 5 day/week

  PReeMPTIVe 
THeRAPY

5 mg/kg iv/day every 12 h  
for 2 weeks

 TReATMeNT 5 mg/kg iv/day every 12 h  
for 2 weeks

  Followed by 6 mg/kg iv/d on 5 day/week  
for 2 weeks

Valganciclovir CMV  PROPHYLAXIS 900 mg/day

  PReeMPTIVe 
THeRAPY

2 × 900 mg/day for 2 weeks

  Followed by 900 mg/day for 7 days

Table 45.1 Antiviral Agents
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filtration and tubular secretion, dosages of both drugs 
must be adjusted in renal malfunction.

Acyclovir and valacyclovir are indicated for pro-
phylaxis and treatment of HSV and VZV reactivation 
and infection. For prophylaxis according to guidelines, 
acyclovir is given 400 mg three to four times daily or 
800 mg twice daily [1]. In the case of intravenous pro-
phylaxis, acyclovir is dosed at 5 mg/kg bodyweight 
every 12 h. Oral valacyclovir 500 mg two to three 
times daily is equivalent to acyclovir in the prevention 
of HSV reactivation [5]. For treatment of systemic 
infection of HSV with organ involvement, the dose of 
intravenous acyclovir should be 5 mg/kg bodyweight 
every 8 h.

Higher doses and plasma concentrations are needed 
to treat VZV infections. For herpes zoster reactivation, 
intravenous acyclovir should be given 10 mg/kg every 
8 h and oral valacyclovir 1,000 mg three times daily 
for 10–14 days. For prophylaxis against VZV reactiva-
tion, the same doses as given for HSV prophylaxis 
appear to be safe in the treatment of patients with 
hematological malignancies or aplastic anemia. VZV 
prophylaxis is an important issue after allogeneic stem 
cell transplantation and treatment with purine analogs, 
alemtuzumab or bortezomib.

Penciclovir is a competitive and selective inhibitor 
of viral DNA polymerase, while famciclovir is an oral 
prodrug of penciclovir with improved oral bioavailabil-
ity [6]. It is active against HSV, VZV, hepatitis B virus 
(HBV) and eBV. Famciclovir is indicated for the treat-
ment of HSV and VZV infections. A dose of 500 mg 
twice daily appears to be equivalent to a treatment of 
HSV reactivation with acyclovir 400 mg five times 
daily. In patients after stem cell or solid organ transplan-
tation, famciclovir 500 mg three times daily has proven 
the same efficacy as acyclovir 800 mg five times daily 
in the treatment of herpes zoster [7]. Famciclovir was 
well tolerated with adverse events similar to acyclovir.

Resistance to acyclovir or famciclovir has been 
rarely reported. The primary mechanism of resistance 
is associated with mutations in the thymidine kinase 
gene. Since most acyclovir-resistant HSV and VZV 
isolates show cross-resistance to penciclovir, treatment 
with famciclovir in acyclovir-resistant viruses is not 
recommended.

efficacy of acyclovir or valacyclovir in the preven-
tion or treatment of CMV reactivation or CMV disease 
is different. In patients after stem cell transplantation, 
the risk of CMV infection and CMV disease can be 

reduced by prophylactic treatment with high-dose 
 acyclovir with a daily dose of 500 mg/m2 three times 
daily [8]. In a large randomized study, high-dose 
 valacyclovir with 2 g four times daily reduced the 
 incidence of CMV infection from 40% to 28% in com-
parison to high-dose acyclovir [9]. There was, how-
ever, no difference in CMV disease or survival.

45.2.2  Ganciclovir and Valganciclovir

Ganciclovir is an acyclic nucleoside analog of 2¢-deox-
yguanosine that interferes with the replication of her-
pes viruses [10]. It is the standard agent used in 
prophylaxis, preemptive therapy and treatment of 
CMV infection and disease [11]. Since it has a poor 
bioavailability, a prodrug, valganciclovir, was devel-
oped and approved for the treatment of CMV retinitis 
in AIDS patients and for CMV prophylaxis in patients 
with solid organ transplants. Valganciclovir is the 
L-valyl ester of ganciclovir with a bioavailability of 
60%. After 900 mg oral valganciclovir, the systemic 
exposure is similar to a dose of 5 mg/kg bodyweight 
intravenous ganciclovir. elimination of both drugs is 
by renal excretion through glomerular filtration and 
tubular secretion. The adverse effects are similar. 
Myelosuppression, especially neutropenia, is the dose-
limiting toxicity. Other adverse events are nausea and 
vomiting, diarrhea, pyrexia and, clinically most impor-
tant, renal failure.

Induction dosing for intravenous ganciclovir is 
5 mg/kg every 12 h followed by maintenance therapy 
with 5 mg/kg daily. For valganciclovir, the induction 
dose is 900 mg twice daily orally with food followed 
by maintenance with 900 mg daily. Dose adjustment is 
mandatory in patients with reduced creatinine 
clearance.

Prophylaxis with ganciclovir in patients after 
hematopoietic cell transplantation shows a reduction 
in CMV disease but no improved survival [12, 13]. Its 
use at engraftment results in prolonged neutropenia 
with a higher incidence of invasive bacterial and fun-
gal infections. In addition, a substantial number of 
patients not at risk for the disease will unnecessarily 
receive a potentially marrow-toxic drug. Thus, this 
strategy is not established as standard procedure for 
prophylaxis of CMV disease in patients after stem 
cell transplantation [14]. Since no valid data exist for 
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valganciclovir used as prophylaxis, it cannot be rec-
ommended. All prophylaxis strategies will result in 
the unnecessary treatment of patients who will not 
develop CMV infection or disease.

Preemptive antiviral therapy has evolved as the 
standard of care in the prevention of CMV disease 
[14]. It is initiated at the detection of CMV reactivation 
in the blood by diagnostic techniques, such as the pp65 
antigenemia assay or DNA detection methods. Weekly 
monitoring of CMV replication by PCR or pp65 anti-
gen detection is recommended to trigger antiviral ther-
apy, as this approach lowers the rate of CMV infections 
and mortality.

Initiation of preemptive ganciclovir therapy is rec-
ommended after a single positive pp65 antigen test or 
after two consecutive positive CMV PCR assays. 
Weekly monitoring should continue for at least 
100 days after HSCT.

In view of an increased risk of delayed CMV reac-
tivations, prolonged monitoring for up to 1 year after 
transplantation should be conducted in patients with 
chronic GvHD, prolonged immunosuppression and 
after T-cell depletion [15]. The same procedure applies 
to patients having received antiviral treatment for a 
number of weeks, to recipients of transplantation with 
reduced conditioning and to those with GvHD.

CMV gastrointestinal disease and pneumonia are 
the most common manifestations of CMV disease 
[16]. The incidence in the first year after hematopoietic 
cell transplantation is 8–10% in seropositive patients. 
CMV pneumonia is the most feared complication. 
Standard of care is the treatment with ganciclovir in 
combination with intravenous immunoglobulin. There 
does not appear to be a specific advantage of CMV-
specific immune globulin compared with pooled 
immunoglobulin.

45.2.3  Foscarnet

Foscarnet has activity against HSV, VZV and CMV 
[17]. It is clinically important due to its efficacy in 
acyclovir-resistant HSV and VZV and ganciclovir-
resistant CMV. Foscarnet inhibits viral DNA poly-
merase by binding to the pyrophosphate binding site 
and blocking the cleavage of pyrophosphate from 
the terminal nucleoside triphosphate. The effect of 

foscarnet on human DNA polymerase appears to be 
negligible. It has poor bioavailability and should be 
given intravenously. Renal elimination occurs by 
glomerular filtration as well as tubular secretion. Dose 
adjustment in patients with renal insufficiency is there-
fore mandatory. The main adverse effects of foscarnet 
include nephrotoxicity, symptomatic hypocalcemia, 
hypomagnesemia, hyperphosphatemia, hypokalemia 
and CNS effects. Dose-limiting toxicity is renal fail-
ure. Adequate hydration, avoidance of other nephro-
toxic agents, and close monitoring of renal function 
and electrolytes is mandatory during treatment with 
foscarnet.

Foscarnet is indicated as the second-line treatment 
in patients with CMV infections [18]. It is standard of 
care in patients with ganciclovir-associated cytopenias 
or ganciclovir-resistant CMV. In a randomized trial 
for prevention of CMV disease after HSCT, foscarnet 
has been proven to be as efficacious as ganciclovir 
with a reduction of mortality within 180 days after 
HSCT [19].

45.2.4  Cidofovir

Cidofovir is an acyclic nucleoside phosphonate ana-
logue of deoxynucleoside monophosphate and has 
broad antiviral activity against herpes viruses and 
other DNA viruses [20]. It has a low bioavailability of 
less than 5% and must be given as intravenous infu-
sion. Renal elimination is the primary route of metab-
olism, and the simultaneous administration of oral 
probenecid to reduce nephrotoxicity is mandatory. 
Renal insufficiency is the dose-limiting toxicity, which 
may be caused by its accumulation in the renal cortex. 
The most serious side effects of cidofovir are proteinu-
ria and neutropenia.

Cidofovir is indicated as the second-line treatment 
for CMV infection. In allogeneic HSCT patients it has 
been used as salvage treatment of CMV infection and 
disease not responding to ganciclovir or foscarnet [21]. 
Induction therapy starts with 5 mg/kg once weekly for 
2 weeks followed by maintenance doses of 5 mg/kg 
intravenously every 2 weeks. In addition to probenecid, 
patients receive at least 1000 mL of 0.9% saline infu-
sion over a 1–2-h period immediately before the cido-
fovir infusion.
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Cidofovir has also been studied for the prevention 
and treatment of adenovirus infections in patients after 
stem cell or solid organ transplantation [22]. There are 
still limited published data on its efficacy in this set-
ting. Patients with refractory GvHD, umbilical cord 
transplantation, haploidentical cell transplantation or 
substantial T-cell depletion have a high risk for adeno-
viral disease and should be monitored weekly for 
active adenovirus infection by PCR. The available data 
suggest that cidofovir could be used as preemptive 
antiviral therapy of adenoviral disease in selected high-
risk patients. The duration of this treatment depends on 
treatment tolerance and viral load.

Cidofovir has not shown efficacy in the preemptive 
treatment of asymptomatic patients after HSCT who 
develop viruria or viremia with polyomaviruses BK 
or JC.

45.2.5  Maribavir

Maribavir is an oral riboside analogue that of inhibits 
viral DNA synthesis of CMV and eBV but not other 
herpes viruses. In patients after allogeneic HSCT, 
maribavir was effective in the prophylaxis of CMV 
infection and reduced the incidence of initiation of 
CMV-directed therapy [23]. Treatment with maribavir 
was well tolerated, and it did not appear to cause any 
myelosuppression based on neutrophil and platelet 
counts. To date, it is not standard of care, but is cur-
rently being tested for CMV prevention in several ran-
domized phase III trials.

45.3  Respiratory Viruses

Respiratory viral infections are an important cause of 
morbidity and mortality in hematopoietic cell transplant 
recipients and immunosuppressed patients with hema-
tological malignancies [24]. Respiratory syncytial virus 
(RSV), parainfluenza viruses (PIVs) and influenza 
viruses are a common cause of upper and lower respira-
tory tract infection. The epidemiology of these viruses 
is similar to their occurrence in the community.

Patients with hematological malignancies and after 
HSCT are at increased risk for infection with influenza 

virus [25]. Progression to the lower respiratory tract 
may be a devastating complication with pneumonia, 
lung injury and death. It occurs after a median of 
1 week after the onset of symptoms, and presents 
radiographically and clinically as viral pneumonia. 
Upper respiratory tract infection with RSV may prog-
ress to fatal pneumonia as well and is associated with 
the highest attributable mortality of all respiratory 
viruses [26]. Winter season, male gender and the use 
of bone marrow as stem cell source were identified as 
risk factors for infection with RSV during stem cell 
transplantation.

Parainfluenza virus (PIV) type 3 is the most detected 
type in HSCT with an incidence of 7%. The only iden-
tified risk factor for infection with PIV is transplanta-
tion of an unrelated donor. The most important risk 
factors for the progression from upper respiratory tract 
infection to pneumonia are the use of systemic corti-
costeroids and lymphopenia. PIV pneumonia has a 
high incidence of infection with copathogens such as 
Aspergillus fumigatus.

Recommendations for prophylaxis and treatment of 
infection with respiratory viruses are limited since con-
trolled or even randomized data are missing. It should 
be taken into account that viral pneumonia may often be 
complicated by bacterial and fungal pathogens. Specific 
management guidelines are difficult to define. An 
aggressive diagnostic workup is recommended [27].

45.3.1  Neuraminidase Inhibitors

45.3.1.1  Oseltamivir

Oseltamivir is an ethyl ester prodrug of its active 
metabolite and oseltamivir carboxylate inhibiting 
influenza neuraminidase, which is responsible for 
cleaving the cellular-receptor sialic acid residues 
responsible for the release of progeny influenza virus 
from infected host cells that can then infect new cells 
[29]. Neuraminidase inhibitors should be given early 
in the course of the disease since influenza virus repli-
cation in the respiratory tract reaches its peak 1–2 days 
after the onset of symptoms. Oseltamivir is adminis-
tered orally as oseltamivir phosphate and converted to 
its active metabolite oseltamivir carboxylate. It is 
eliminated mainly by renal excretion.
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Oseltamivir has been studied at doses of 75 or 
150 mg daily in immunocompetent patients. An advan-
tage of the higher dose could not be demonstrated. The 
relevance of these studies for highly immunosup-
pressed patients remains unclear to date. There are 
minimal data concerning treatment of patients with 
hematological malignancies with respect to longer 
duration of symptoms or treatment. It is reasonable to 
believe that the course of disease is much different in 
immunocompromised patients due to longer ongoing 
viral replication, only mild symptoms at disease onset 
or progression to the lower respiratory tract even later 
than 1 week of ongoing infection [28].

Oseltamivir is a well-tolerated drug with most 
common side effects including upper gastrointestinal 
symptoms such as nausea and vomiting. Allergic skin 
reactions and rash are rare. Oseltamivir is indicated 
for the treatment or prophylaxis of influenza viruses 
type A and B as well as the treatment of avian influ-
enza and infection with seasonal H1N1 influenza 
viruses. Since a high prevalence of resistance in the 
latter influenza type occurs, an empiric combination 
treatment with rimantidine is recommended. Few 
data exist on the duration of treatment in patients with 
hematological malignancies and after HSCT. While 
healthy immunocompetent patients should be treated 
5 days, longer treatment should be considered during 
immunosuppression. The median time from diagno-
sis of upper respiratory infection to lower tract dis-
ease is 7 days in patients after HSCT. Thus, a 5-day 
course may be too short to prevent cases of late 
progression.

45.3.1.2  Zanamivir

Zanamivir is a potent inhibitor of influenza types A 
and B neuraminidase [29]. In influenza enzymatic 
assays, the antiviral activity of zanamivir is similar to 
that of oseltamivir carboxylate. Zanamivir has a low 
bioavailability of approximately 2% and is dispensed 
as a dry powder for oral inhalation. Drug tolerance is 
quite good with an incidence of adverse events of less 
than 4%. The most common side effects in patients 
with chronic disease or with immunosuppression were 
sinubronchial distress symptoms and diarrhea. The 
recommended adult dose of zanamivir for the treat-
ment of influenza type A and B is two oral inhalations 
twice daily for 5 days. Treatment should start not later 

than after 48 h of flu-like symptoms. It is also indicated 
for prophylaxis of influenza infection during periods 
of increased influenza activity.

45.3.2  Amantadine and Rimantadine

Amantadine and rimantadine are M2 ion channel-
blocking antiviral agents that interfere with viral 
uncoating intracellularly. They are active against 
influenza A but have no activity against influenza B 
[30]. The adamantanes are associated with rapid 
emergence of resistance, and influenza A may be shed 
for extended periods in immunocompromised patients 
under amantadine treatment. Thus, adamantanes 
should not be used until the susceptibility of circulat-
ing influenza A strains is established. Amantadine has 
a high bioavailability after oral administration. The 
normal daily dose is 200 mg for influenza A prophy-
laxis given either as a single dose or 100 mg twice 
daily. Rimantadine is well absorbed after oral admin-
istration, and the recommended dose is 200 mg 
daily.

The main toxicity is CNS-related with dizziness, 
headache, insomnia and confusion. Patients with a his-
tory of seizures should be monitored closely.

45.3.3  Ribavirin

Ribavirin is approved for the treatment of patients with 
RSV infections. It is a structural analogue of guanos-
ine and inhibits the enzyme IMP dehydrogenase, and 
has shown in-vitro activity against a variety of respira-
tory viruses. Ribavirin is administered as a small-par-
ticle aerosol using a mask or mechanical ventilator for 
12–18 h daily.

Data supporting the use of ribavirin in immuno-
compromised patients are limited and exist only in the 
form of nonrandomized studies. It is the treatment of 
choice in patients with established RSV pneumonia 
after HSCT and may be used as prophylaxis for pro-
gression to pneumonia in patients with RSV upper 
respiratory tract infection [14]. Systemic ribavirin is 
not effective for the treatment of pneumonia, but seems 
to be more effective at the upper respiratory tract infec-
tion stage.
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45.3.4  Palivizumab

Palivizumab is a RSV-specific humanized monoclonal 
antibody that is approved for the treatment of RSV dis-
ease in high-risk pediatric patients. There are limited 
data on its efficacy in immunocompromised patients. 
To date, there are no sufficient data to support its use in 
combination with ribavirin for treatment of docu-
mented pneumonia with RSV in severely immuno-
compromised children and adults [31].
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Acute respiratory failure (ARF) requiring mechanical 
ventilation (MV) is a severe and frequent complication 
in patients with hematological malignancies (HMs). 
For many years, ARF developing in these patients was 
considered a consequence of refractory pulmonary 
diseases invariably associated with dismal outcomes, 
and, as a result, physicians felt that admission to the 
intensive care unit (ICU) was inappropriate. However, 
the situation has changed. Now, there is no scientific 
reason to deny ICU admission to patients with HMs 
and ARF. In recent years, several specialized centers 
have reported improved survival rates. In addition to 
advances in hematological and critical care, this 
improvement has been ascribed to better patient selec-
tion for ICU admission and to the use of MV.

However, patient selection is complex, as it depends 
on multiple factors, and disagreements are still com-
mon among hematologists and intensivists. In addition 
to ICU admission guidelines, clinicians should take 
into consideration patient-related characteristics, 
expectations regarding post-ICU outcomes, published 
evidence, personal experience, and each patient’s 
wishes and values. These multiple factors can only be 
analyzed on a case-by-case basis.

This chapter addresses the epidemiology and out-
comes of HM patients and bone marrow transplant 
(BMT) recipients who require invasive positive-pressure 
ventilation (IPPV). Also discussed are the criteria used 
to identify patients likely to benefit from IPPV instead 
of noninvasive positive-pressure ventilation (NIPPV) 
as the initial ventilatory strategy. However, aspects 
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related to patients supported with NIPPV are discussed 
in greater detail in chapters from Drs. Antonelli, 
Hilbert, and Nava of this book.

46.1  Epidemiology

Up to 50% of HM patients develop ARF requiring MV 
during the course of their disease [1–9]. ARF is a major 
reason for ICU admission, and 43–88% of patients 
require mechanical ventilation during the ICU stay 
[10–18]. In general, patients with acute leukemia and 
allogeneic BMT recipients are at highest risk for this 
severe complication [1, 19, 20]. In two large multi-
center studies of patients with HM admitted to both 
specialized and general ICUs, MV was provided to 
55% and 71% of patients, respectively [18, 21].

46.2  Outcome Evaluation  
and Prognostic Factors

ARF requiring MV is usually associated with high 
mortality and morbidity in patients with HMs. Until the 
1990s, the outcome for these patients was considered 
very poor, as the hospital mortality rates were consis-
tently greater than 80% [22–30] overall and 90–95% in 
BMT recipients. Mortality was highest after HLA-
mismatched BMT and in patients who both required 
MV and had cardiovascular, renal, or hepatic dysfunc-
tion [6, 7, 25, 31–34]. In a large study of outcomes in 
782 cancer patients (including 61% with HMs) treated 
with IPPV in the ICUs of five academic tertiary care 
hospitals, hospital mortality was 76% overall, 85% in 
HM patients, and 87% in BMT recipients [30]. By mul-
tivariate analysis, leukemia and allogeneic BMT were 
independently associated with higher mortality [30]. 
These data led to the recommendation that a restrictive 
ICU admission policy be used in HM patients and BMT 
recipients requiring MV [7, 35].

Fortunately, studies done over the last few years 
have documented improved survival rates in critically 
ill patients with HMs, including those requiring MV 
[1, 11, 20, 36–38]. Nonetheless, the need for invasive 
MV remains a major outcome predictor in these 
patients and is still associated with relatively high mor-
tality rates [1, 12, 14, 17, 18, 39]. In the following 

section, aspects related to the outcomes of HM patients 
requiring IPPV are discussed based on data published 
over the last decade.

46.2.1  Short- and Long-Term Outcomes

46.2.1.1  Specific Diagnoses and Characteristics 
Related to the Malignancy

Until recently, HM patients were considered at higher 
risk for mortality than patients with solid tumors. 
However, studies done over the last decade have docu-
mented equivalent mortality rates for hematology and 
oncology patients requiring MV [11–15, 30, 38–42]. 
Mortality in these patients varies according to multidi-
mensional variables, including patient-related charac-
teristics, in terms of underlying diagnosis and 
comorbidities, severity of acute illness, level of ICU 
support, and ICU policies (e.g., criteria used to imple-
ment end-of-life care and to admit and discharge 
patients from the ICU). Table 46.1 reports the results 
of the main studies published over the last decade and 
done in HM patients requiring IPPV. Overall hospital 
mortality rates ranged from 62% to 80%, with an aver-
age of 71% [1, 5, 11–15, 17, 18, 21, 34, 41, 43–46]. 
Most of the studies were single-centered and carried 
out in specialized institutions. However, there is still 
limited information on medium- and long-term out-
comes. In one study, only 21 (25%) of 84 HM patients 
(including 57% who were mechanically ventilated) 
were alive after 6 months [15], and in another, done in 
100 patients with HMs (including 81 mechanically 
ventilated), the 2-year survival rate was 15% [14].

Nevertheless, the term HM encompasses myriad 
diseases with diverse clinical and biological behaviors. 
In general, after adjustment on other prognostic indica-
tors, the type or group of HM per se is not associated 
with short-term outcomes of patients requiring IPPV 
[11, 15, 41], although worse outcomes have been 
reported in patients with acute leukemia [39] or lym-
phoma [21]. On the other hand, higher survival rates 
were observed in patients with multiple myeloma [37]. 
In addition, short-term mortality is significantly worse 
in patients with disease recurrence or progression com-
pared to those with newly diagnosed disease or disease 
remission (partial or complete) [15]. However, studies 
evaluating specific groups of patients are still scarce. 
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Finally, in recent studies neither the presence of neu-
tropenia nor recent exposure to chemotherapy was 
associated with an increased risk of death [40, 46, 47].

Although improvements in survival have been 
achieved, outcomes of BMT patients requiring IPPV 
remain relatively poor. In recent studies, short-term 
mortality rates ranged from 74% to 86%, with an aver-
age of 82% (Table 46.2) [8, 9, 48–52]. Mortality 
remains extremely high in allogeneic BMT recipients 
with severe graft-versus-host disease or concomitant 
hepatic, renal, or cardiovascular dysfunction [29, 30, 
32, 46, 48, 50–52]. In contrast, autologous BMT recip-
ients have survival rates that are closer to those seen in 
non-transplanted patients [9, 20, 30, 37, 48, 50]. For 
example, in a cohort of 78 autologous peripheral BMT 
patients who received MV, 26% of the patients were 
discharged alive from the hospital, and 60% were alive 
after 6 months [20]. In a population-based cohort 
study, Scales et al. reported a 13% 1-year survival rate 
in BMT patients who required MV in subsequent 
 hospitalizations [53].

46.2.1.2  Main Prognostic Factors

As expected, the severity of acute physiologic distur-
bances and organ dysfunctions correlates directly with 
short-term mortality [30, 39–41, 46, 49]. Although 
severity of illness scores are inaccurate for predicting 
outcomes in HM patients [54], they have been used as 
surrogate markers for acute disease severity and cor-
relate strongly with mortality [12, 17, 18, 39, 41, 44, 
50]. Moreover, HM patients frequently require MV in 
the context of multiple organ failure, and mortality 
increases with the number of additional failing organs 
[1, 13, 14, 16, 18, 21, 30, 39–42, 44, 55]. Both baseline 
values and subsequent changes in organ dysfunction 
scores over the first few days of ICU stay (such as the 
Sequential Organ Failure Assessment [SOFA] and 
Logistic Organ Dysfunction (LOD) scores) correlate 
strongly with mortality [43]. In addition, the need for 
additional life-sustaining therapies, such as renal 
replacement therapy or vasopressors, after a few days 
on MV suggests that the patient’s clinical condition 
may be unresponsive to intensive care and therefore 
indicates a high risk of death [55].

Outcomes vary largely across conditions requiring 
MV. For instance, survival is higher in patients with 
respiratory failure secondary to cardiogenic pulmonary 

edema than in patients with pulmonary infiltration by 
the malignancy or invasive fungal infections [1, 3, 28]. 
Additionally, failure to identify the cause of ARF is 
independently associated with mortality [1, 2, 46]. 
Although ARF due to bacterial infections remains 
associated with high mortality rates, the prognosis is 
better than in patients with opportunistic infections, 
severe sepsis, and ARF [1, 2, 11, 29, 39, 45, 56, 57].

In HM patients, the severity of comorbid conditions 
and functional impairments (as evaluated by the per-
formance status) has a major impact on outcomes, and 
self-sufficiency is routinely evaluated by the perfor-
mance status [40, 58, 59]. Older age per se does not 
seem to be a major risk factor for short-term mortality 
[1, 30, 38, 39, 41, 42, 45, 46]. However, aging is asso-
ciated with a decrease in physiologic capacity and a 
higher prevalence of chronic diseases, including can-
cer. Therefore, in elderly patients with HM and ARF, 
selection for ICU admission may need to be somewhat 
restrictive.

46.3  When to Reach for the Tube 
Instead of the Mask

Although the final outcome of ARF depends upon the 
reversibility of its cause, gas exchange disorders must 
be corrected to ensure patient survival when this cause 
is identified and treated. MV is often necessary to 
reverse severe hypoxemia or hypercapnic acidosis, and 
the clinician must choose between invasive and nonin-
vasive modalities [60, 61]. IPPV (i.e., ventilation deliv-
ered through endotracheal intubation) couples a secure 
airway with full control of alveolar ventilation super-
seding the patient’s respiratory efforts and permits 
aggressive alveolar recruitment by high intra-alveolar 
pressures, thus rapidly reversing profound hypoxemia 
and respiratory acidosis. As intubation is fraught with 
major complications, such as airway trauma and 
 ventilator-associated pneumonia, the use of NIPPV 
has generated increasing interest since suitable facial 
and nasal masks became available in the 1980s. By 
avoiding airway intubation, NIPPV preserves the 
integrity of the upper airway functions and defense 
mechanisms, allowing for swallowing, coughing, and 
vocalization, and decreases the need for sedation. As a 
consequence, the incidence of ventilator-associated 
pneumonia is lower with NIPPV than with IPPV. Over 



602 M. Soares et al.

A
ut

ho
r, 

ye
ar

St
ud

y 
de

si
gn

Pa
tie

nt
s

Ty
pe

 o
f 

B
M

T
  

(a
ut

o/
al

lo
)

IP
PV

 p
at

ie
nt

s
In

de
pe

nd
en

t p
ro

gn
os

tic
 f

ac
to

rs

n 
(%

)
H

os
pi

ta
l  

m
or

ta
lit

y 
(%

)

H
ua

ri
ng

a 
et

 a
l. 

20
00

 [
48

]
C

oh
or

t, 
pr

os
pe

ct
iv

e,
  

si
ng

le
 c

en
te

r
60

26
/3

4
60

 (
10

0%
)

49
 (

82
%

)a
M

ul
tiv

ar
ia

te
 a

na
ly

si
s 

no
t  

pe
rf

or
m

ed

B
ac

h 
et

 a
l. 

20
01

 [
49

]
C

oh
or

t, 
pr

os
pe

ct
iv

e,
  

m
ul

tic
en

te
r

22
6

66
/1

60
22

6 
(1

00
%

)
19

4 
(8

6%
)

H
ep

at
ic

 a
nd

 k
id

ne
y 

dy
sf

un
ct

io
ns

,  
IP

PV
 lo

ng
er

 th
an

 4
 d

ay
s

K
ha

ss
aw

ne
h 

et
 a

l.,
  

20
02

 [
20

]
C

oh
or

t, 
re

tr
os

pe
ct

iv
e,

  
si

ng
le

 c
en

te
r

78
78

/0
78

 (
10

0%
)

58
 (

74
%

)
M

ul
tiv

ar
ia

te
 a

na
ly

si
s 

no
t  

pe
rf

or
m

ed

A
fe

ss
a 

et
 a

l. 
20

03
 [

50
]

C
oh

or
t, 

re
tr

os
pe

ct
iv

e,
  

si
ng

le
 c

en
te

r
11

2
62

/5
0

62
 (

55
%

)
46

 (
74

%
)

A
PA

C
H

E
 I

II
 s

co
re

 a
nd

 a
llo

ge
ne

ic
  

B
M

T

So
ub

an
i e

t a
l. 

20
04

 [
9]

C
oh

or
t, 

re
tr

os
pe

ct
iv

e,
  

si
ng

le
 c

en
te

r
85

40
/4

5
51

 (
60

%
)

41
 (

80
%

)
L

ac
tic

 a
ci

do
si

s,
 m

ul
tip

le
 o

rg
an

  
fa

ilu
re

, n
ee

d 
fo

r 
IP

PV

N
ae

em
 e

t a
l. 

20
06

 [
51

]
C

oh
or

t, 
si

ng
le

 c
en

te
r

44
0/

44
12

 (
27

%
)

10
 (

83
%

)a
M

ul
tiv

ar
ia

te
 a

na
ly

si
s 

no
t 

pe
rf

or
m

ed

Pe
ne

 e
t a

l. 
20

06
 [

52
]

C
oh

or
t, 

re
tr

os
pe

ct
iv

e,
  

m
ul

tic
en

te
r

20
9

0/
20

9
12

2 
(5

8%
)

10
3 

(8
4%

)
C

or
tic

os
te

ro
id

 tr
ea

tm
en

t f
or

  
G

V
H

D
, v

as
op

re
ss

or
 u

se
, a

nd
  

bi
lir

ub
in

 le
ve

l w
er

e 
as

so
ci

at
ed

  
w

ith
 m

or
ta

lit
y;

 ti
m

e 
in

te
rv

al
 f

ro
m

  
B

M
T

 to
 I

C
U

 a
dm

is
si

on
 <

30
 d

ay
s  

w
as

 p
ro

te
ct

iv
e

Y
an

g 
et

 a
l. 

20
07

 [
8]

C
oh

or
t, 

re
tr

os
pe

ct
iv

e,
  

si
ng

le
 c

en
te

r
41

6/
35

41
 (

10
0%

)
34

 (
83

%
)

M
ul

tiv
ar

ia
te

 a
na

ly
si

s 
no

t  
pe

rf
or

m
ed

C
om

bi
ne

d
–

85
5

27
8/

57
7

65
2 

(7
6%

)
53

5 
(8

2%
)

–

Ta
b

le
 4

6
.2

 M
or

ta
lit

y 
ra

te
s 

an
d 

pr
og

no
st

ic
 i

nd
ic

at
or

s 
in

 v
ar

io
us

 s
tu

di
es

 p
ub

lis
he

d 
ov

er
 t

he
 l

as
t 

de
ca

de
 (

20
00

–2
00

9)
 a

nd
 c

on
du

ct
ed

 i
n 

bo
ne

 m
ar

ro
w

 t
ra

ns
pl

an
t 

pa
tie

nt
s 

re
qu

ir
in

g 
m

ec
ha

ni
ca

l v
en

til
at

io
n 

in
 th

e 
in

te
ns

iv
e 

ca
re

 u
ni

t

IP
P

V
 in

va
si

ve
 p

os
iti

ve
-p

re
ss

ur
e 

ve
nt

ila
tio

n,
 B

M
T

 b
on

e 
m

ar
ro

w
 tr

an
sp

la
nt

, A
PA

C
H

E
 A

cu
te

 P
hy

si
ol

og
y 

an
d 

C
hr

on
ic

 H
ea

lth
 E

va
lu

at
io

n,
 G

V
H

D
 g

ra
ft

-v
er

su
s-

ho
st

 d
is

ea
se

, I
C

U
 in

te
n-

si
ve

 c
ar

e 
un

it
a I

C
U

 m
or

ta
lit

y;
 h

os
pi

ta
l m

or
ta

lit
y 

w
as

 n
ot

 r
ep

or
te

d



60346 Mechanical Ventilation in Patients with Hematological Malignancies

the last decade, NIPPV has been increasingly used in 
various patient groups with ARF. Among patient 
 subsets in which NIPPV has been proven to decrease 
 complications and to improve survival are immunocom-
promised patients with hypoxemic ARF [60, 62, 63] 
(see also Chap. 47)]. It should be kept in mind that the 
absence of airway intubation in NIPPV, while clearly 
beneficial in selected patients with ARF, precludes the 
use of NIPPV in patients who require stringent control 
of gas exchange (such as hemodynamically unstable 
patients or patients with profound hypoxemia), patients 
in whom airway patency is compromised (e.g., by 
excessive sputum, hemoptysis, or vomiting), and unco-
operative patients (e.g., patients with coma or agita-
tion). The British Thoracic Society guidelines [64] and 
the recent German S3 guidelines [65] list a number of 
absolute and relative contraindications to the use of 
NIPPV in patients with ARF (Table 46.3). Clearly, 
HM patients with ARF and one or more of these gen-
eral contraindications should immediately receive 
endotracheal MV without a previous NIPPV trial. As 
argued above, outcomes in invasively ventilated HM 
patients have improved sufficiently over the last decade 
to classify intubation among potential first-line life-
saving techniques rather than among treatments of last 
resort or harbingers of a fatal outcome [66].

Evidently, this set of contraindications restricts the 
use of NIPPV to the subset of HM patients with hypox-
emic or hypercapnic ARF who are hemodynamically 
stable, awake, cooperative, and free of evidence of 
impending respiratory arrest. In both randomized trials 
of NIPPV in immunocompromised patients with 
hypoxemic ARF, the standard-care group received 
supplemental oxygen, and, therefore, the included 
patients were likely to be identified early on and 
referred to the ICU while still having a good physio-
logical reserve [62, 63]. In observational studies of 
patients with HMs or other malignancies and hypox-
emic ARF, NIPPV was used in only 4–39% of patients 
[1, 39–41, 45]. Nevertheless, failure was common, 
with roughly half the patients requiring subsequent 
intubation. More worryingly, some studies found high 
mortality rates in patients who failed NIPPV [1, 39, 
67]. Thus, in one study the in-hospital mortality rate in 
patients switched from NIPPV to invasive ventilation 
was 91% [39], and in another, mortality in patients 
intubated after 48 h of NIPPV was 92% [1]. In con-
trast, mortality in patients who received first-line inva-
sive ventilation was 72% [39] and 78% [1] in these two 
studies. In addition, switching from IPPV to NIPPV 
was an independent predictor of mortality [1, 67]. 
Although this effect on mortality may be due to the 
poor prognosis associated with non-reversible ARF 
(where NIPPV is more likely to fail than in rapidly 
reversible ARF), it may also point to a causal relation-
ship between adverse outcomes and the inappropriate 
use of NIPPV. The potential of NIPPV to cause harm 
by delaying instead of avoiding intubation has been 
demonstrated in an interventional trial in patients with 
postextubation hypoxemic ARF, who were randomly 
allocated to NIPPV or standard therapy (supplemental 
oxygen) to avoid reintubation [68]. ICU mortality was 
significantly higher in patients who were reintubated 
after a trial of NIPPV than in patients who were reintu-
bated after standard care (38% vs 22%,), and the inter-
val between respiratory failure onset and reintubation 
was higher in the NIPPV group than in the standard-
care group.

In addition to the set of well-known contraindica-
tions to NIPPV in ARF, other factors play a more sub-
tle role in the success or failure of a trial of NIPPV. 
Identifying predictors for NIPPV failure in patients 
with HMs is therefore important to improve patient 
selection. Knowledge of the baseline determinants of 
NIPPV success or failure may help to identify patients 

Absolute

Impending respiratory arrest

Inability to protect airway or airway obstruction

Gastrointestinal bleeding

Bowel obstruction, ileus, vomiting

Relative

Coma

Agitation, lack of cooperation

Excessive respiratory secretions

Severe hypoxemia or acidosis (pH < 7.1)

Hemodynamic instability

Not able to fit interface (anatomical or functional 
incompatibility)

Recent facial, upper gastrointestinal, or airway surgery

Untreated pneumothorax

Table 46.3 Contraindications for non-invasive positive-pressure 
ventilation [61, 64, 65]
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who are likely to respond to NIPPV (and may avoid 
futile and possibly deleterious NIPPV exposure in 
other patients). Furthermore, the identification of early 
predictors of NIPPV failure during NIPPV therapy 
may allow earlier substitution of IPPV for NIPPV, thus 
avoiding the deleterious outcomes of late NIPPV fail-
ure [39]. Predictors of NIPPV failure in non-cancer 
patients with hypoxemic ARF include acute lung 
injury (ALI) or acute respiratory distress syndrome 
(ARDS); pneumonia; high severity-of-illness scores; 
and the presence of metabolic acidosis, shock, and 
profound hypoxemia, especially after 1 h of NIPPV 
(Table 46.4) [60]. Observational data on NIPPV in 
cancer patients have led to the identification of factors 
associated with NIPPV failure in this specific patient 
subset. In one study, NIPPV failure was associated 
with a newly diagnosed malignancy, short symptom 
duration at ARF onset, steroid treatment, increasing 
NIPPV duration, ARDS, vasopressor therapy, and fail-
ure to identify the cause of ARF [1]. In another study, 
where the NIPPV failure rate was as high as 75%, the 
patients had high SAPS II scores (mean, 52 ± 15) and 

low PaO
2
/FiO

2
 ratios (mean, 95 ± 42) [39]. Finally, in 

99 cancer patients managed with NIPPV, factors sig-
nificantly associated with NIPPV failure were a delay 
in NIPPV initiation, a diagnosis of ARDS at NIPPV 
initiation, and presence of extrapulmonary organ fail-
ures (need for vasopressors and renal replacement 
therapy) [67]. In addition, an increasing respiratory 
rate under NIPPV predicted NIPPV failure. While 
organ failure at admission (as assessed by LOD score) 
was not significantly different between patients who 
responded and those who failed NIPPV, the LOD score 
was significantly higher in patients failing NIPPV on 
days 2 and 3.

In summary, NIPPV should be used with discern-
ment in HM patients with ARF, and the clinician 
should always consider whether intubation might be 
the better choice. After ruling out the formal contrain-
dications for NIPPV, the likelihood that NIPPV will be 
successful should be estimated based on the presenting 
symptoms, degree of hypoxemia, presence of extrapul-
monary organ failures, and likelihood that the underly-
ing disease process can be reversed quickly. If the odds 
for NIPPV success are low, the safest approach is 
immediate intubation. In patients with an acceptable 
chance of success, NIPPV should be applied with cau-
tion. The response to NIPPV (in terms of hypoxemia 
reversal and respiratory rate decline) should be assessed 
after 1 or 2 h, and the patient should remain under 
close monitoring for early signs of NIPPV failure. If 
increasing organ failure or persistent ARF is observed 
over the next few days, switching to IPPV should be 
strongly considered [69].
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47.1  Introduction/Rationale 
for Optimizing Noninvasive 
ventilation

Pulmonary complications are an important cause of ill-
ness in immunocompromised patients and contribute to 
a large extent to the mortality associated with various 
types of immunosuppression [1, 2]. With the increasing 
use of these treatment modalities and the growing 
potency of immunosuppressive regimens, physicians 
will more frequently be asked to evaluate and to care 
for these individuals.

Strategies for management include both a specific 
approach, in terms of the diagnostic tools and treat-
ment regimens used, and a symptomatic approach, in 
terms essentially of treatment of acute respiratory fail-
ure (ARF). Classically, these recipients required fre-
quent intubation and mechanical ventilatory assistance. 
Too often, this intervention has been followed by 
 further, ultimately fatal complications, including sep-
sis. Although invasive mechanical ventilation is highly 
effective and reliable in supporting alveolar  ventilation, 
endotracheal intubation is associated with  numerous 
complication risks [3]. Furthermore, in hematological 
patients with ARF, mechanical ventilation is associ-
ated with a significant risk of death [4–7]. The out-
come predictors that consistently predicted poor 
outcome of hematopoietic stem cell transplantation 
recipients admitted to the ICU were the need for 
mechanical ventilation and the presence of multiple 
organ system failure [8].

Even if over the last years overall survival rates of 
hematological patients admitted to the ICU have 
been improving, due, in part, to the benefits of non-
invasive ventilation (NIV) in selected patients, which 
has led some experts to defend the concept of “doing 
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everything that can be done,” the negative impact of 
intubation and mechanical ventilation has been con-
firmed in several recent studies. In a study published 
in 2001 in patients with hematological malignancy, 
the overall mortality in the ICU was 44%: only 12% 
in patients without mechanical ventilation, but 74% 
among those under mechanical ventilation (p < 0.001); 
multivariate analysis revealed mechanical ventilation 
and SAPS II as independent prognostic factors of 
both ICU mortality and long-term survival [7]. In 
their literature review, Soubani et al. showed clearly 
that the lower the percentage of patients receiving 
mechanical ventilation was, the higher the survival 
rate [8]. Thus, above all, the key driving force behind 
the increasing use of NIV has been the desire to avoid 
the complications of invasive ventilation.

Among the 64 neutropenic patients with febrile 
acute hypoxemic normocapnic respiratory failure 
treated by CPAP in addition to standard therapy in the 
study by Hilbert at al., CPAP was efficient in only 25% 
of cases [9]. The enrolled patients were critically ill, 
with a PaO

2
/FiO

2
 ratio of 128 ± 32, and with a high 

SAPS II score and more than two organ dysfunctions, 
explaining, in part, the poor results obtained. 
Nevertheless, all the responders and only four nonre-
sponders survived their ICU stay. More recently, a case 
control study on 34 patients was performed to evaluate 
the effectiveness of early administration of CPAP 
through a helmet in hematological malignancy patients 
with ARF [10]. Each patient was treated by CPAP out-
side an ICU, directly in the hematological ward. The 
authors described a success rate as high as possible in 
patients ventilated with the helmet, while eight NIV 
failures were registered in the group ventilated with a 
facemask because of intolerance of this interface.

Several noncontrolled studies have reported encour-
aging results with NIV in hematological patients with 
ARF when a technique of spontaneous ventilation with 
pressure support (PS) and positive end expiratory pres-
sure (PEEP) was used [11–13]. Azoulay et al. retro-
spectively studied a cohort of patients with solid or 
hematologic cancer admitted to the ICU for ARF [13]. 
The first group of 132 patients was admitted between 
1990 and 1995, while the second group, composed of 
105 patients, was admitted between 1996 and 1998. 
The survival rate in the 1996–1998 period was signifi-
cantly higher than that in the previous period. In a 
matched-pair analysis of cancer patients requiring MV 
support, the mortality among NIV patients was 

significantly lower than in conventionally ventilated 
patients (43.7% vs 70.8%, p = 0.008) [13]. In a multi-
variate analysis two variables were found to predict 
ICU outcome: higher SAPS II at admission was asso-
ciated with an increased mortality rate, whereas the 
use of NIV during the 1996–1998 period was associ-
ated with a marked improvement in survival. Another 
study compared NIV with invasive intubation and ven-
tilation for this patient group [14]. In this retrospective 
study, 27 patients who received NIV were matched for 
SAPS II with 52 patients who required immediate 
intubation on a 1:2 basis. In contrast to several earlier 
reports, the authors could not demonstrate the pres-
ence of a survival benefit for the use of NIV. Indeed, 
treatment with NIV successfully averted the need for 
intubation in eight patients (31%), five of whom 
(62.5%) survived their hospital stay; this last rate was 
similar to that recorded in patients who required imme-
diate intubation. Nevertheless, these results must be 
evaluated cautiously because hypoxemic ARF was 
dramatically most severe in the NIV group compared 
to the invasive ventilation group (median PaO

2
/FiO

2
 

ratio 71 vs 141, respectively, p < 0.001).
We hypothesized that the intermittent use of NIV at 

an early stage of hypoxemic ARF would reduce the 
need for endotracheal intubation and the incidence of 
complications [15]. In a prospective, randomized, con-
trolled study, we compared the efficacy of NIV deliv-
ered intermittently through a mask with that of standard 
medical treatment with supplemental oxygen and no 
ventilatory support in patients with immunosuppres-
sion of various causes in whom hypoxemic ARF had 
been precipitated by pulmonary infiltrates and fever. It 
is important to underline that randomization was done 
at an early stage of respiratory failure, well before the 
patients were even headed for intubation. The immu-
nosuppression could have been caused by neutropenia 
after chemotherapy or bone marrow transplantation in 
patients with hematological cancers, drug-induced 
immunosuppression in organ-transplant recipients, or 
as a result of corticosteroid or cytotoxic therapy for a 
nonmalignant disease or AIDS. In the NIV group, as 
compared with standard therapy, fewer patients 
required endotracheal intubation (12 vs 20, p = 0.03), 
and there were fewer complications (13 vs 21, p = 0.02). 
Overall, with NIV, there were improvements in mortal-
ity in the ICU (10 vs 18, p = 0.03) and in total in-hospital 
mortality (13 vs 21, p = 0.02). Neutropenia in patients 
with hematological malignancies was the most 
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frequent type of immunosuppression in patients 
included in this last study [15]. Although NIV enabled 
avoiding intubation in only 47% of neutropenic 
patients, this rate was still significantly higher than in 
the standard treatment group (7%, p = 0.02).

ARF in immunocompromised patients is a recog-
nized indication of NIV, and according to recent inter-
national recommendations (of level I), NIV should be 
used whenever possible in this indication to reduce the 
risk of nosocomial pneumonia [16]. Above all, NIV 
makes it possible to reduce the mortality of onco-
hematology patients of with ARF.

47.2  Optimizing Noninvasive 
Ventilation

47.2.1  Taking into Consideration the 
Mechanisms of Improvement 
with NIV

As recalled by M. Tobin, the objectives of mechanical 
ventilation are primarily to decrease the work of 
breathing and reverse life-threatening hypoxemia or 
acute progressive respiratory acidosis [17].

In patients with hypoxemic ARF, intrapulmonary 
shunt and ventilation-perfusion imbalances may cause 
life-threatening hypoxemia. Moreover, hard work of 
breathing because of increased alveolar dead space 
and reduced respiratory system compliance may cause 
ventilatory failure with hypercapnia and respiratory 
acidosis. When employed during episodes of hypox-
emic ARF, the goal of NIV is to ensure an adequate 
PaO

2
 level until the underlying problem can be 

reversed.
NIV can improve the pathophysiology of hypox-

emic respiratory failure. Mechanisms of improvement 
can include the beneficial effects of PEEP on the distri-
bution of extravascular lung water, on alveolar recruit-
ment of under-ventilated alveoli by increasing lung 
volume at end expiration and in early treatment of 
atelectasis. In addition, improvements in ventilation/
perfusion ratios or even shunt undoubtedly occur in 
patients with acute respiratory distress syndrome 
(ARDS) in whom the application of expiratory pres-
sure should have an effect similar to that of PEEP 
in invasively ventilated patients. By lowering left 

ventricular transmural pressure, CPAP may reduce 
afterload and increase cardiac output, making it an 
attractive modality for therapy of acute pulmonary 
edema. Even if CPAP alone is able to improve lung 
mechanics in patients with ARF and decrease work of 
breathing compared with unsupported ventilation [18], 
the addition of PS has a positive effect in reducing 
work of breathing and maintaining a tidal volume 
compatible with adequate alveolar ventilation.

Numerous case series and reports have shown that 
CPAP and NIV improve oxygenation, reduce the respi-
ratory rate and lessen dyspnea in patients with hypox-
emic ARF. Confalonieri et al. compared NIV to 
invasive mechanical ventilation in AIDS patients with 
Pneumocystis jirovecii pneumonia [19]. Changes in 
arterial blood gas and respiratory rate were comparable 
in the two groups of patients during the first 72 h of the 
study.

Several prospective controlled studies, comparing 
CPAP or NIV with standard medical treatment, have 
shown that use of these methods of ventilation in 
hypoxemic ARF was associated with prompt improve-
ment in pulmonary gas exchange as determined by 
arterial blood gases obtained within the first few hours 
[15, 20–22]. Antonelli et al. conducted a prospective, 
randomized trial of NIV as compared with endotra-
cheal intubation with conventional mechanical ventila-
tion in 64 patients with hypoxemic ARF who required 
mechanical ventilation [20]. Seven (22%) of 32 patients 
randomized to NIV had ARDS of varied etiology. The 
patients in the two groups had a similar initial change 
in the PaO

2
/FiO

2
 ratio: Within the first hour of ventila-

tion, 20 patients (62%) in the NIV group and 15 (47%) 
in the conventional ventilation group had an improve-
ment in the PaO

2
/FiO

2
 ratio. Their PaO

2
/FiO

2
 ratios 

increased significantly from 116 ± 24 to 230 ± 76 mmHg 
with NIV and from 124 ± 25 to 211 ± 68 mmHg with 
conventional ventilation. In a study comparing NIV 
with standard treatment using supplemental oxygen 
administration in recipients of solid organ transplanta-
tion with hypoxemic ARF, 7 (22%) of 32 patients ran-
domized to NIV had ARDS of varied etiology [21]. 
Within the first hour of treatment, 14 patients (70%) in 
the NIV group and only 5 patients (25%) in the stan-
dard treatment group improved their PaO

2
/FiO

2
 ratio. 

In another randomized controlled trial, the physiologic 
effects of CPAP versus standard oxygen therapy were 
compared in 123 patients with hypoxemic ARF and 
PaO

2
/FiO

2
 £ 300 due to bilateral pulmonary edema, 
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102 of them with acute lung injury [22]. After 1 h of 
treatment, the median PaO

2
/FiO

2
 ratio was greater with 

CPAP (203 vs 151, p = 0.02). In a prospective, random-
ized trial of NIV, as compared with standard medical 
treatment with supplemental oxygen in immunosup-
pressed patients with hypoxemic ARF, initial improve-
ment in the PaO

2
/FiO

2
ratio was observed in 46% in the 

NIV group and in 15% in the standard group (p = 0.02) 
[15]. Even if NIV was used intermittently in a sequen-
tial mode, the protocol of NIV used in this study 
achieved significantly higher rates of improvement in 
gas exchange abnormalities than in patients with stan-
dard treatment. Reducing the work of breathing during 
NIV sessions may also allow respiratory muscles to be 
more efficient during nonassisted breaths.

47.2.2  Optimizing the Selection 
of Patients

Before starting NIV we should always consider the 
possible contraindications to its use [23]. In a random-
ized, controlled trial, the patients were selected, and 
exclusion criteria were a requirement for emergent 
intubation for cardiopulmonary resuscitation, respira-
tory arrest, or a rapid deterioration in neurological sta-
tus with a Glasgow Coma Scale score £8; hemodynamic 
instability or electrocardiogram instability; chronic 
obstructive pulmonary disease; a cardiac origin of the 
respiratory failure, which was established by physical 
signs, chest X-ray and echocardiogram; a partial pres-
sure of arterial carbon dioxide (PaCO

2
) more than 

55 mmHg, with acidosis (pH < 7.35); failure of more 
than two new organs; uncorrected bleeding diathesis; 
and tracheotomy, a facial deformity or recent oral, 
esophageal or gastric surgery [15].

It is essential to know the arterial blood gas tensions 
before making a decision on whether NIV is indicated. 
The patient should first be established on appropriate 
oxygen therapy and the arterial blood gases interpreted 
in the light of the FiO

2
.

Conti et al. have evaluated treatment with NIV as an 
alternative to endotracheal intubation and conventional 
mechanical ventilation in 16 patients with hematologi-
cal malignancies complicated by ARF and having 
intubation criteria (at inclusion, PaO

2
/FiO

2
 = 87 ± 22) 

[12]. NIV was delivered via nasal mask by means of a 
BiPAP mode. Five patients died in the ICU following 

complications independent of the respiratory failure, 
while 11 were discharged from the ICU in stable con-
dition after a mean stay of 4.3 ± 2.4 days and were 
 discharged from the hospital. Thus, NIV proved to 
be feasible for the treatment of respiratory failure in 
hematological patients who were at high risk of 
 intubation-related complications.

However, in immunocompromised patients with 
“lung failure,” NIV is more indicated at an earlier stage 
of ARF when the PaO

2
/FiO

2
 ratio is below 200 or when 

oxygen saturation does not reach 90% despite high-
flow oxygen therapy [15, 21]. Indeed, in those random-
ized, controlled studies, NIV helped avert the need for 
endotracheal intubation and improved the outcomes in 
selected immunocompromised patients with hypox-
emic ARF [15, 21]. The early involvement of intensiv-
ists in hematological patients care and the better 
definitions of patients who require ICU admission will 
probably play a major role in the future.

47.2.3  Optimizing Equipment 
and Techniques

The time suitable to appreciate improvement or, con-
trarily, NIV failure may depend on many factors. The 
lack of ARF resolving at 1–2 h makes it possible to 
select the patients for whom efforts to try improving 
adaptation and outcome will be most important. Thus, 
it is important to consider if it could be possible to 
ameliorate several factors to improve adaptation of the 
patient to NIV and the outcome of the technique. This 
reasoning is helpful within the first few hours of NIV 
when the patient needs to adapt and also later when 
prolonged ventilation is required.

Many factors can be improved. Some of them are 
well known and similar to those we consider when PS 
with PEEP is used in intubated patients. Several others 
are more specific to NIV.

47.2.3.1  Interface

NIV uses a tight-fitting facemask as an alternative 
interface between the patient and the ventilator to avoid 
the complications of invasive ventilation. In contrast to 
invasive ventilation, NIV leaves the upper airway 
intact, preserves airway defense mechanisms, and 
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allows patients to eat, drink, verbalize and expectorate 
secretions. The development of improved masks and 
ventilator technology has made this mode of ventila-
tion acceptable.

NIV can be administered to immunocompromised 
patients with different types of interfaces. The patient 
interface most commonly employed is a full face or 
nasal mask secured firmly, but not tightly, with a head 
strap [23]. The full facemask delivers higher ventila-
tion pressures with fewer leaks, requires less patient 
cooperation and permits mouth breathing. However, it 
is less comfortable, increases the dead space, impedes 
communication and limits oral intake. The nasal mask 
needs patent nasal passages and requires mouth clo-
sure to minimize air leaks. The leaks through the mouth 
decrease alveolar ventilation and may decrease the 
efficacy of NIV to reduce the work of breathing. 
Furthermore, high flows of gas passing through the 
nose in case of mouth leaks can markedly increase 
nasal resistance and thus further reduce the efficacy of 
nasal NIV [24]. In order to improve success rates in 
awake and cooperative patients, it is essential to gently 
hold the device on the patient’s face before tightening 
it in order to improve patient comfort. It is also recom-
mended that physicians do not tighten the device 
excessively or weakly, since excessive pressure can 
cause skin breakdown and reduce patient tolerance, 
while weak sealing may facilitate air leakage and 
patient–ventilator asynchronies. It is also beneficial to 
reassure the patient and explain the technique in 
detail.

Patients may develop complications related to the 
use of NIV such as skin necrosis, gastric distention or 
evidence of barotrauma (pneumothorax, pneumomedi-
astinum, pneumoperitoneum or pulmonary interstitial 
emphysema). Data from the literature and observations 
from our practice suggest the highest incidence of 
facial-skin breakdown and/or intolerance of the inter-
face in the subgroup of patients with hypoxemic ARF 
and hematological malignancies. The incidence of 
pressure necrosis of the skin over the nasal bridge 
reached 31% in an uncontrolled study [12]. Hilbert 
et al. excluded three patients from the study because 
they refused to keep the facial mask during the first 
CPAP session [9]. The reason was acute stress in one 
case and major painful mucositis in two cases. A bad 
tolerance of CPAP was reported in five other patients 
enrolled in this study who were intubated. Mask intol-
erance because of pain, discomfort or claustrophobia 

may require discontinuation of NIV and endotracheal 
intubation.

Various modifications are available to minimize this 
complication, such as use of forehead spacers or the 
addition of a thin plastic flap that permits air sealing 
with less mask pressure on the nose. Straps that hold 
the mask in place are also important for patient com-
fort, and many types of strap assemblies are available. 
Most manufacturers provide straps that are designed 
for use with a particular mask. More points of attach-
ment add to stability, and strap systems with Velcro 
fasteners are useful.

There is no evidence to support the use of particular 
patient interface devices in patients with hypoxemic 
ARF [23]. Nevertheless, clinical experience suggests 
that full facemasks improve efficacy by reducing leaks 
and are more appropriate for use in the setting of severe 
hypoxemic ARF. In addition, a facial mask was used 
preferentially in studies examining the efficacy of NIV 
in immunocompromised patients with hypoxemic 
ARF.

The fact that most NIV failures are due to technical 
problems justifies the studies that have evaluated new 
interface devices. Attempting to improve tolerability 
of patients, Antonelli et al. adopted a transparent hel-
met made from latex-free polyvinyl chloride that 
allows patients to see, read and speak as an interface 
during NIV. They conducted a prospective trial with a 
matched control group in order to investigate the effi-
cacy of NIV using the helmet to treat patients with 
hypoxemic ARF [25]. Six patients (18%) in the helmet 
group and nine patients (13%) in the facial mask group 
had ARDS. Eight patients (24%) in the helmet group 
and 21 patients (32%) in the facial mask group failed 
NIV and were intubated. No patients failed NIV 
because of intolerance of the technique in the helmet 
group in comparison with eight patients (38%) in the 
mask group (p = 0.047). Complications related to the 
technique (skin necrosis, gastric distension and eye 
irritation) were fewer in the helmet group compared 
with the standard mask group (no patients vs 14 
patients [21%], p = 0.002). The helmet allowed the 
continuous application of NIV for a longer period of 
time (p = 0.05). The authors concluded that NIV by 
helmet successfully treated hypoxemic ARF with bet-
ter tolerance and fewer complications than facial mask 
NIV. The helmet is very popular in Italy, and excellent 
results have been reported with the administration of 
CPAP through a helmet in hematological malignancy 
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patients with ARF [10]. Better tolerance of the helmet 
compared to a conventional interface was also found in 
a case control study [26]. However, this interface can 
be responsible for increased work of breathing and for 
dyspnea [27, 28], as well as a potential risk of rebreath-
ing CO

2
, which have to be carefully weighed against 

the major benefits achieved respecting the integrity of 
the face. In practice, in many units, including ours, the 
helmet is used in the second or even third line as an 
alternative to facemasks in case of skin lesions respon-
sible for intolerance with a risk of failure of the 
method.

47.2.3.2  Ventilators and Ventilatory Modes

NIV can be performed with either modern ICU venti-
lators or chronic long-term home ventilators. The 
choice of ventilator type to deliver NIV should depend 
on both the patient’s conditions and the technical char-
acteristics of the machine, such as quality of monitor-
ing (detection of asynchronies and quantification of air 
leaks); mechanisms of compensation for leaks; and 
performance. Indeed, these aspects have a clinical 
impact in terms of work of breathing and represent a 
key factor to improve the tolerability of the technique, 
as well as the patient–ventilator interaction during 
NIV. The use of ICU ventilators is generally preferable 
in the acute setting, since they are more powerful and 
have more adjustable features compared with home 
ventilators. Additionally, circuits with dual tubes 
reduce the risk of rebreathing CO

2
 in patients with 

ARF. A recent survey conducted to evaluate the appli-
cation of NIV in ICUs showed that an ICU ventilator 
was used in 79% of cases, a ventilator dedicated to 
NIV in 12% and a home device in 5% [29].

One of the main differences between management 
of COPD patients and of patients with hypoxemic ARF 
is the place of CPAP in the therapeutic armamentarium 
of physicians treating patients with hypoxemic ARF. 
CPAP represents the application of a constant level of 
positive pressure at the airway opening during sponta-
neous breathing. CPAP results in a higher mean 
intrathoracic pressure than unassisted spontaneous 
breathing, but a lower pressure than positive pressure 
mechanical ventilation and PEEP. Mean airway pres-
sure increases, with possible beneficial effects on 
atelectasis and improvement in oxygenation; lung 
compliance can increase, reducing the work of 

breathing, and the presence of intrinsic PEEP can 
be counterbalanced with a partial reduction of the 
 inspiratory effort. An advantage of CPAP over modes 
of mechanical ventilatory assistance is that CPAP 
does not require patient–ventilator synchronization. 
Pressures commonly used to deliver CPAP to patients 
with hypoxemic ARF range from 5 to 15 cmH

2
O. Such 

pressures can be applied using a wide variety of 
devices, including CPAP valves connected to a com-
pressed gas source, small portable units used for home 
therapy of obstructive sleep apnea and ventilators 
designed for use in the ICU. Depending on the critical 
care ventilator selected, CPAP may be administered 
using “demand,” “flow-by” or “continuous flow” tech-
niques, with imposed work differing slightly between 
them. CPAP is widely used in the belief that it may 
reduce the need for intubation and mechanical ventila-
tion in patients with acute hypoxemic respiratory 
insufficiency. Nevertheless, to our knowledge, although 
several studies have shown the ability of the method to 
improve hypoxemia, only one randomized study has 
demonstrated that the use of CPAP reduces the need 
for endotracheal intubation in patients with severe 
hypercapnic cardiogenic pulmonary edema [30]. A 
recent study showed that, as compared with standard 
oxygen therapy, CPAP neither reduced the need for 
intubation nor improved outcomes in patients with 
hypoxemic ARF [22].

On the contrary, positive results have been reported 
in randomized controlled studies where PS + PEEP 
was used [15, 21]. During PS ventilation, the ventilator 
is triggered by the patient, delivers a set pressure for 
each breath, and cycles to expiration either when it 
senses a fall in inspiratory flow rate below a threshold 
value or at a preset time. Noninvasive PS ventilation 
offers the potential of excellent patient–ventilator syn-
chrony, reduced diaphragmatic work and improved 
patient comfort.

The choice of NIV with PS and PEEP, rather than 
CPAP, a technique previously systematically used for 
hypoxemic ARF in our ICU [9], has undoubtedly con-
tributed to the good results recently reported in immu-
nosuppressed patients [15]. In our practice, after the 
mask has been secured, the level of PS is progressively 
increased and adjusted for each patient to obtain an 
expired tidal volume of 7–9 mL/kg of body weight and 
a respiratory rate of fewer than 25 breaths/min. PEEP 
is repeatedly increased by 2 cmH

2
O, up to a level of 

10 cmH
2
O, until the FiO

2
 requirement is 70% or less. 



61347 Optimizing Noninvasive Ventilation in Hematological Patients with Acute Respiratory Failure

The FiO
2
 level is adjusted to maintain SaO

2
 above 

90%. Ventilator settings are adjusted on the basis of 
continuous monitoring of SpO

2
, clinical data and mea-

surements of arterial blood gases. Studies comparing 
the impact on clinical outcome of CPAP and PS + PEEP 
in patients with hypoxemic ARF will be useful. For the 
moment, and looking forward to the results of further 
studies, PS ventilation + PEEP could be the ventilatory 
mode recommended for treatment with NIV of hypox-
emic ARF.

Many factors must be considered when PS + PEEP 
is used. Some of them are well known (for instance, 
inspiratory trigger sensitivity, inspiratory flow) and 
close to those we consider when this ventilatory mode 
is used in intubated patients.

Flow triggering has been shown to slightly reduce 
the effort needed to trigger the ventilator compared 
with pressure triggering. Moreover, a less sensitive 
trigger could be associated with a higher incidence of 
ineffective triggering events. These data indicate that a 
sensitive flow trigger should be used to take full advan-
tage of patient’s efforts without inducing auto-triggering. 
Auto-triggering is a frequent asynchrony during NIV, 
and a flow triggering set around 3 L/min (when possi-
ble settings range 0.5–10 L/min, for instance) could 
represent an optimal adjustment, being sensitive enough 
and avoiding auto-triggering. Some ventilators self-
adjust trigger sensitivity as a function of leaks.

Several other factors are more specific to NIV, for 
instance, the negative impact of leaks on work of 
breathing with a risk of patient–ventilator asynchrony 
[31]. Gas leaks around the mask or from the mouth 
limit the efficacy of the device, make monitoring of 
tidal volume difficult; it may prevent adequate ventila-
tory assistance in patients who require high inspiratory 
airway pressures and represents an important cause of 
failure. Leaks may also indicate low compliance or 
ventilation close to total lung capacity. Thus, particular 
attention should be given to leaks during application of 
NIV in patients with hypoxic ARF. When large leaks 
occur during inspiration, the ventilator continues to 
insufflate because the delivered flow remains above 
the cycling criterion so that cycling off does not occur. 
In this situation, the patient attempts to expire and can 
fight against the ventilator because the expiratory valve 
remains closed, generating ineffective efforts during 
persistent insufflation. Several adjustments can elimi-
nate prolonged inspiration by reducing either the leaks 
or the ventilator insufflation time. First, the mask 

position should be adjusted to minimize leaks around 
the mask. Secondly, limiting the total inspiratory pres-
sure should be considered, reducing the PS and/or 
PEEP level. Persistent leaks indicate a need for limit-
ing the ventilator insufflation time. In a study on six 
patients with acute lung injury due to AIDS-related 
opportunistic pneumonia, a time-cycled expiratory 
trigger provided a better patient–machine interaction 
than a flow-cycled expiratory trigger in the presence of 
air leaks during NIV [31]. Another possibility is to 
increase the threshold of flow cutoff. Most of the new-
generation ICU ventilators and many NIV-dedicated 
ventilators allow adjustment of the expiratory trigger 
or maximal inspiratory time.

We believe the first hours of delivering NIV, with 
careful attention to mask fit, patient comfort and patient–
ventilator synchrony, represent a critical opportunity to 
improve outcome.

47.2.3.3  Chosing a Continuous  
or Discontinuous Approach

In immunocompromised patients with “lung failure,” 
NIV is indicated at an earlier stage of ARF when the 
PaO

2
/FiO

2
 ratio is below 200 or when oxygen satura-

tion does not reach 90% despite high-flow oxygen 
therapy [15, 21]. Treating with NIV at an early stage of 
ARF allows a discontinuous approach.

In two trials dealing with immunocompromised 
recipients, NIV was used intermittently, since the onset 
of management [15] or after the first 24 h of treatment 
[21] at a less advanced stage of hypoxemic ARF than 
in other studies that assessed the value of NIV in 
patients who met the criteria for intubation [12, 20]. 
On the basis of our previous experience, we use NIV in 
a sequential mode [9, 32, 33]. This mode is a discon-
tinuous mode, with some specificity, i.e., the predeter-
mination of the duration of the ventilation sessions and 
of the time between the NIV sessions. One of the 
potential advantages of the sequential approach is a 
harmonious distribution of NIV sessions, a better 
acceptance and tolerance by the patients, and a better 
management by nursing staff. The protocol of sequen-
tial ventilation is appreciated by our staff and has con-
tributed to the standardization of techniques of NIV in 
our ICU. It has not been necessary to modify the orga-
nization of our unit since the introduction of these new 
techniques.
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In practice, NIV is delivered through a facemask in 
a discontinuous mode with a protocol close to that pre-
viously described for COPD patients [32, 33], i.e., 
periods of NIV lasting at least 45 min and alternating 
every 3 h with periods of spontaneous breathing. 
Between periods of ventilation, patients breathe oxy-
gen spontaneously while SpO

2
 is continuously moni-

tored. NIV is automatically resumed when the arterial 
oxygen saturation is less than 85% or when dyspnea 
worsens, as evidenced by a respiratory rate of more 
than 30 breaths/min.

In the randomized controlled trial, NIV was admin-
istered for a mean of 9 ± 3 h during the first 24 h [15]. 
Subsequently, the mean duration of NIV was 7 ± 3  
h/day; the mean duration of NIV was 4 ± 2 days.

47.2.3.4  Predictive Factors of NIV Outcome

In the randomized study by Hilbert et al., the effect on 
outcomes of the presence and the absence of a final 
diagnosis of the cause of pneumonitis with respiratory 
failure was studied [25]. In the NIV group, the patients 
with a final diagnosis had significantly lower rates of 
intubation (p = 0.03), and death in the ICU (p = 0.04) or 
in the hospital (p = 0.006). Thus, a positive diagnosis and 
a well-adapted treatment could be the main determinants 
of improved outcome of immunosuppressed patients 
managed with NIV. It is important to establish the spe-
cific causes of a hematological patient’s pulmonary 
 disease so that specific therapy can be instituted. 
Furthermore, a positive diagnosis and a well-adapted 
treatment could be the main determinants in the improved 
outcome of immunosuppressed patients managed with 
NIV [15]. Consequently, fiberoptic bronchoscopy and 
bronchoalveolar lavage are major tools for diagnosing 
the diffuse infiltrates that often occur in association with 
fever and new onset of respiratory symptoms in immu-
nosuppressed patients [15, 34–36]. In a recent prospec-
tive randomized trial on 26 patients, NIV was shown 
superior to conventional oxygen supplementation in pre-
venting gas exchange deterioration and provided better 
hemodynamic tolerance during fiberoptic bronchoscopy 
in patients with less severe forms of hypoxemia (PaO

2
/

FiO
2
 < 200) [37]. In this study, PS was 15–17 cmH

2
O, 

PEEP was set at 5 cmH
2
O and FiO

2
 at 0.9; the session of 

NIV was started 10 min before the fiberoptic bronchos-
copy and continued at least 30 min after the procedure. 
We currently have the same approach.

In a prospective study, variables predictive of NIV 
failure were investigated in 354 patients with hypox-
emic ARF, 37 of them with immunosuppression [38]. 
Multivariate analysis identified age >40 years (OR 
1.72, 95% CI 0.92–3.23), a higher SAPS II ³ 35 (OR 
1.81, 95% CI 1.07–3.06), the presence of ARDS or 
community-acquired pneumonia (OR 3.75, 95% CI 
2.25–6.24) and a PaO

2
/FiO

2
 £ 146 after 1 h of NIV (OR 

2.51, 95% CI 1.45–4.35) as factors independently 
associated with failure of NIV. In a retrospective, 
monocentric study dealing with patients with hemato-
logic malignancy, factors independently associated 
with NIV failure by multivariate analysis were respira-
tory rate under NIV, longer delay between admission 
and NIV first use, need for vasopressors or renal 
replacement therapy, and ARDS [39].

Nevertheless, in practice, it can be difficult to pre-
dict an individual outcome and decide promptly to 
withdraw noninvasive ventilatory support, keeping in 
mind the poor prognosis of intubation in numerous 
patients. However, it is crucial, in my opinion, to do all 
that can be done to try to optimize the technical aspects, 
which are crucial for a successful application of NIV.

While learning NIV techniques is described as sim-
ple in some studies, it is essential and must be continu-
ous, allowing for better indications of the technique, 
optimizing the technical aspects and monitoring, which 
are the sole guarantors of avoiding too much delay of 
intubation when the method fails. Indeed, the use of 
NIV with a delay in reintubation can lead to excess 
mortality, and we should not delay the moment of rein-
tubation if this becomes necessary. The success of NIV 
is also strictly dependent upon local factors. The best 
venue depends on the training and experience of the 
staff, available resources (beds, staff, equipment) and 
monitoring capacity.

Undoubtedly, ARF in hematological patients is one 
of the indications for NIV that requires experience and 
good mastery of the technique; in my opinion, this jus-
tifies practicing NIV in the ICU for this indication.

47.3  Conclusions

A reduction in the incidence of nosocomial infection is 
a consistent and important advantage of NIV compared 
with invasive ventilation and is probably one of the 
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most important advantages of avoiding endotracheal 
intubation using NIV. ARF in immunocompromised 
patients is a recognized indication for NIV, and accord-
ing to recent international recommendations (level I), 
NIV should be used whenever possible for this indica-
tion to reduce the risk of nosocomial pneumonia [16]. 
Above all, NIV makes it possible to reduce the mortal-
ity of onco-hematology patients with ARF.

Given the risks of serious complications and death 
associated with intubation, the relative safety of appro-
priately applied NIV should change our approach to 
ventilation in hematological patients with respiratory 
failure; patients in whom respiratory distress develops 
should be treated conventionally with oxygen and 
other indicated therapies and should be monitored 
closely; if moderate to severe respiratory distress 
develops with tachypnea and hypoxemia, NIV should 
be initiated unless there are contraindications [40].

Patients for whom ARF does not resolve in 1–2 h are 
most in need of efforts to try to improve their adaptation 
and outcome. Clinical experience suggests that full 
facemasks are more appropriate for use in the setting of 
severe hypoxemic ARF. Many factors must be consid-
ered when PS + PEEP is used, and particular attention 
should be paid to the leaks responsible for ineffective 
efforts during persistent insufflations; several adjust-
ments can eliminate prolonged inspiration by reducing 
either the leaks or the ventilator insufflation time.

The experiences gradually acquired by the different 
units, the regular training of the personnel, further 
technological advances and future research will posi-
tion NIV more accurately in the therapeutic armamen-
tarium of physicians dealing with hematological 
patients with ARF and are likely to improve the condi-
tions for performing NIV in the future.

References

 1. Masur H, Shelhamer J, Parrillo JE (1985) The management 
of pneumonias in immunocompromised patients. JAMA 
253(12):1769–1773, Mar 22–29

 2. Estopa R, Torres-Marti A, Kastanos N et al (1984) Acute 
respiratory failure in severe hematologic disorders. Crit Care 
Med 12:26–28

 3. Stauffer JL (1994) Complications of translaryngeal intuba-
tion. In: Tobin MJ (ed) Principles and practice of mechanical 
ventilation. Marcel Dekker, New York, pp 711–747

 4. Ewig S, Torres A, Riquelme R et al (1998) Pulmonary com-
plications in patients with haematological malignancies 

treated at a respiratory intensive care unit. Eur Respir J 
12:116–122

 5. Gruson D, Hilbert G, Portel L et al (1999) Severe respiratory 
failure requiring ICU admission in bone marrow transplant 
recipients. Eur Respir J 13:883–887

 6. Bach PB, Schrag D, Nierman DM et al (2001) Identification 
of poor prognostic features among patients requiring 
mechanical ventilation after hematopoietic stem cell trans-
plantation. Blood 98:3234–3240

 7. Kroschinsky F, Weise M, Illmer T et al (2002) Outcome and 
prognostic features of ICU treatment in patients with 
 hematological malignancies. Intensive Care Med 28: 
1294–1300

 8. Soubani AO, Kseibi E, Bander JJ et al (2004) Outcome and 
prognostic factors of hematopoietic stem cell transplan-
tation recipients admitted to a medical ICU. Chest 126: 
1604–1611

 9. Hilbert G, Gruson D, Vargas F et al (2000) Non-invasive 
continuous positive airway pressure in neutropenic patients 
with acute respiratory failure requiring intensive care unit 
admission. Crit Care Med 28:3185–3190

10. Principi T, Pantanetti S, Catani F et al (2004) Noninvasive 
continuous positive airway pressure delivered by helmet in 
hematological malignancy patients with hypoxemic acute 
respiratory failure. Intensive Care Med 30:147–150

11. Tognet E, Mercatello A, Polo P et al (1994) Treatment of 
acute respiratory failure with non-invasive intermittent posi-
tive pressure ventilation in haematological patients. Clin 
Intensive Care 5:282–288

12. Conti G, Marino P, Cogliati A et al (1998) Noninvasive ven-
tilation for the treatment of acute respiratory failure in 
patients with hematologic malignancies: a pilot study. 
Intensive Care Med 24:1283–1288

13. Azoulay E, Alberti C, Bornstain C et al (2001) Improved 
survival in cancer patients requiring mechanical ventilatory 
support: impact of noninvasive mechanical ventilatory sup-
port. Crit Care Med 29:519–525

14. Depuydt PO, Benoit DD, Vandewoude KH, Decruyenaere JM, 
Colardyn FA (2004) Outcome in noninvasively and inva-
sively ventilated hematologic patients with acute respiratory 
failure. Chest 126:1299–1306

15. Hilbert G, Gruson D, Vargas F et al (2001) Noninvasive ven-
tilation for treatment of acute respiratory failure in immuno-
suppressed patients with pulmonary infiltrates and fever, a 
randomized trial. N Engl J Med 344:481–487

16. American Thoracic Society; Infectious Diseases Society of 
America (2005) Guidelines for the management of adults 
with hospital-acquired, ventilator-associated, and health-
care-associated pneumonia. Am J Respir Crit Care Med 
171:388–416

17. Tobin MJ (2001) Advances in mechanical ventilation. 
N Engl J Med 344:1986–1996

18. Katz JA, Marks JD (1985) Inspiratory work with and with-
out continuous positive airway pressure in patients with 
acute respiratory failure. Anesthesiology 63:598–607

19. Confalonieri M, Calderini E, Terraciano S et al (2002) 
Noninvasive ventilation for treating acute respiratory failure 
in AIDS patients with Pneumocystis carinii pneumonia. 
Intensive Care Med 28:1233–1238

20. Antonelli M, Conti G, Rocco M et al (1998) A comparison 
of noninvasive positive pressure ventilation and conventional 



616 G. Hilbert

mechanical ventilation in patients with acute respiratory 
 failure. N Engl J Med 339:429–435

21. Antonelli M, Conti G, Bufi M et al (2000) Noninvasive ven-
tilation for treatment of acute respiratory failure in patients 
undergoing solid organ transplantation. A randomized trial. 
JAMA 283:235–241

22. Delclaux C, L’Her E, Alberti C et al (2000) Treatment of 
acute hypoxemic nonhypercapnic respiratory insufficiency 
with continuous positive airway pressure delivered by a face 
mask: a randomized controlled trial. JAMA 284:2352–2360

23. International Consensus Conferences in Intensive Care 
Medicine (2001) Noninvasive positive pressure ventilation 
in acute respiratory failure. Am J Respir Crit Care Med 
163:283–291

24. Richards GN, Cistulli PA, Ungar RG et al (1996) Mouth leak 
with nasal continuous positive airway pressure increases nasal 
airway resistance. Am J Respir Crit Care Med 154:182–186

25. Antonelli M, Conti G, Pelosi P et al (2002) New treatment of 
acute hypoxemic respiratory failure: noninvasive pressure 
support ventilation delivered by helmet – a pilot controlled 
trial. Crit Care Med 30:602–608

26. Rocco M, Dell’Utri D, Morelli A et al (2004) Noninvasive 
ventilation by helmet or facemask in immunocompromised 
patients: a case-control study. Chest 126:1508–1515

27. Racca F, Appendini L, Gregoretti C et al (2005) Effectiveness 
of mask and helmet interfaces to deliver noninvasive ventila-
tion in a human model of resistive breathing. J Appl Physiol 
99:1262–1271

28. Vargas F, Thille A, Lyazidi A et al (2009) Helmet with spe-
cific settings versus facemask for noninvasive ventilation. 
Crit Care Med 37:1921–1928

29. Demoule A, Girou E, Richard JC, Taille S, Brochard L 
(2006) Increased use of noninvasive ventilation in French 
intensive care units. Intensive Care Med 32:1747–1755

30. Bersten AD, Holt AW, Vedig AE et al (1991) Treatment of 
severe cardiogenic pulmonary edema with continuous posi-
tive airway pressure delivered by face mask. N Engl J Med 
325:1825–1830

31. Calderini E, Confalonieri M, Puccio PG et al (1999) Patient–
ventilator asynchrony during noninvasive ventilation: the 
role of expiratory trigger. Intensive Care Med 25:662–667

32. Hilbert G, Gruson D, Gbikpi-Benissan G et al (1997) 
Sequential use of noninvasive pressure support ventilation 
for acute exacerbations of COPD. Intensive Care Med 23: 
955–961

33. Hilbert G, Gruson D, Portel L et al (1998) Non-invasive 
pressure support ventilation in COPD patients with postex-
tubation hypercapnic respiratory insufficiency. Eur Respir J 
11:1349–1353

34. Stover DE, Zaman NB, Hadjou SI et al (1984) 
Bronchoalveolar lavage in the diagnosis of diffuse pulmo-
nary infiltrates in the immunosuppressed host. Ann Intern 
Med 101:1–7

35. Gruson D, Hilbert G, Valentino R et al (2000) Utility of 
fiber-optic bronchoscopy in neutropenic patients admitted to 
intensive care unit with pulmonary infiltrates. Crit Care Med 
28:2224–2230

36. Hilbert G, Gruson D, Vargas F et al (2001) Bronchoscopy 
with bronchoalveolar lavage via the laryngeal mask airway 
in high-risk hypoxemic immunosuppressed patients. Crit 
Care Med 29:249–255

37. Antonelli M, Conti G, Rocco M et al (2002) Noninvasive 
positive-pressure ventilation vs. conventional oxygen sup-
plementation in hypoxemic patients undergoing diagnostic 
bronchoscopy. Chest 121:1149–1154

38. Antonelli M, Conti G, Moro ML et al (2001) Predictors of 
failure of noninvasive positive pressure ventilation in patients 
with acute hypoxemic respiratory failure: a multi-center 
study. Intensive Care Med 27:1718–1728

39. Adda M, Coquet I, Darmon M et al (2008) Predictors of non-
invasive ventilation failure in patients with hematologic 
malignancy and acute respiratory failure. Crit Care Med 36: 
2766–2772

40. Hill NS (2001) Noninvasive ventilation for immunocompro-
mised patients. N Engl J Med 344:522–524



617É. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies,  
DOI: 10.1007/978-3-642-15742-4_48, © Springer-Verlag Berlin Heidelberg 2011

Abbreviations

BAL Bronchoalveolar lavage
COPD Chronic obstructive pulmonary disease
CPAP Noninvasive constant continuous positive 

airway pressure
ETI Endotracheal intubation
FB Fiberoptic bronchoscopy
FiO

2
 Inspired oxygen fraction

NIV Noninvasive ventilation
NPPV Noninvasive intermittent positive pressure 

ventilation
PaCO

2
 Arterial carbon dioxide tension

PaO
2
 Arterial oxygen partial pressure

PEEP Positive end-expiratory pressure
SpO

2
 Arterial oxygen saturation of hemoglobin 

measured by pulse oximetry

48.1  Introduction

Noninvasive ventilation (NIV) is the provision of ven-
tilatory assistance using techniques that do not bypass 
the upper airway. The theoretical advantages of NIV 
include avoiding the complications associated with 
conventional mechanical ventilation [11, 28], improv-
ing patient comfort, and preserving the airway defense 
mechanism.

Over the last 2 decades, the encouraging results 
obtained in the treatment of acute respiratory failure 
by using NIV [3, 4, 9, 13, 24] have stimulated investi-
gations of various applications of NIV in the acute care 
setting. In hypoxemic patients needing fiberoptic bron-
choscopy (FB) with bronchoalveolar lavage (BAL), 
NIV has been employed to prevent gas-exchange 
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 deterioration accompanying FB and compensate for 
the increase in work of breathing occurring during FB, 
thus avoiding endotracheal intubation (ETI) and its 
complications [2, 5, 6, 12, 22]. This application of NIV 
to improve the safety of FB has been found of particu-
lar interest in the diagnosis of pneumonia in immuno-
compromised patients, such as those with hematological 
malignancies. The prognosis of these patients may 
worsen under invasive ventilation [14, 15, 27], despite 
the improved outcome achieved in the last few years 
also when ETI is required [7].

The treatment of patients with hematological mali-
gnancies is frequently associated with infectious 
 pulmonary complications [10, 30]. The diagnosis of 
pneumonia in these patients constitutes a major chal-
lenge to the clinician, since the classical presentation 
is variable, and other causes of fever and chest infil-
trates may occur in hematological malignancies. FB 
with BAL is widely recognized as a valuable diagnos-
tic tool for detection of the respiratory pathogens in 
patients with pulmonary infiltrates. The prompt identi-
fication of the responsible microorganisms is crucial 
to start an appropriate antimicrobial therapy and to 
avoid the empirical administration of unnecessary and 
often toxic antibiotics. Non-intubated, spontaneously 
breathing patients with hypoxemia [defined as the 
inability to maintain an arterial oxygen partial pres-
sure (PaO

2
) <75 mmHg or an oxygen saturation >90% 

despite oxygen supplementation] should not undergo 
FB because of their high risk of developing respiratory 
failure or serious cardiac arrhythmias [16]. Until a few 
years ago, the available options for hypoxemic patients 
with a suspicion of pneumonia were to avoid FB and 
to administer empirical treatment, or to perform ETI 
and to start mechanical ventilation for ensuring ade-
quate gas exchange during FB. The following sections 
review the rationale for using NIV to assist patients 
undergoing FB, the available literature supporting this 
method, and some procedural considerations.

In this chapter, the term CPAP is referred to as non-
invasive continuous positive airway pressure delivered 
to spontaneously breathing patients, whereas NPPV is 
referred to as noninvasive intermittent positive pres-
sure ventilation with or without positive end-expiratory 
pressure (PEEP). NIV is considered to include either 
CPAP or NPPV.

48.2  Rationale for Using NIV During FB

In critically ill patients, even a standard FB is  asso cia- 
ted with transient alterations in pulmonary  mechanics 
and gas exchange [21, 23]. PaO

2
 may fall signifi-

cantly below its baseline value during FB and remain 
decreased for a few minutes to several hours after 
removing the bronchoscope [21, 23]. In a group of 
107 mechanically ventilated patients undergoing FB, 
an average decline in PaO

2
 of 26% was observed at 

the end of the procedure compared to the baseline 
value [29]. Hypoxemia may be more marked when 
BAL is performed because of ventilation and perfu-
sion abnormalities induced by the saline solution 
instillation [19].

In a non-intubated adult male, a 5.7-mm outside 
diameter flexible bronchoscope occupies about 10% 
of the tracheal cross-sectional area and about 15% of 
the cross-sectional area at the cricoid ring [21]. 
Positioning the bronchoscope into the major airways 
decreases the area available for airway flow and, con-
sequently, increases airway resistance [21]. The high 
exhalation resistance rapidly results in an increase in 
functional residual capacity and, therefore, in the 
development of an intrinsic PEEP mechanism [23]. 
This finally leads to increased work of breathing and 
risk of barotraumas.

Besides the physical presence of the broncho-
scope in the airway, a frequent suction through the 
instrument working channel may be another cause 
of the alterations in pulmonary mechanics and gas 
exchange during FB. Removal of tracheobronchial 
gas by excessive use of suction evacuates respiratory 
gas from the airways, decreasing functional residual 
capacity, or causing de-recruitment under positive 
pressure ventilation with consequent hypoxemia 
[20, 21].

By improving oxygenation and reducing the work 
of breathing [18], NIV has been demonstrated to be a 
useful method to avoid ETI in hypoxemic patients 
undergoing FB. The application of NIV during FB 
has been described both in at-risk patients who were 
initially breathing spontaneously and who started 
NIV to assist FB, and in patients who were already 
receiving NIV and who were scheduled to undergo 
FB during NIV.
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48.3  Review of the Literature

In an early study on the use of NIV in patients requiring 
diagnostic FB, Antonelli et al. [2] described the appli-
cation of facemask NPPV during FB in eight immuno-
compromised hypoxemic (i.e., PaO

2
 to inspired oxygen 

fraction [FiO
2
] ratio, <100) patients with suspected 

pneumonia. NPPV was associated with a significant 
improvement in PaO

2
/FiO

2
 during FB. The technique 

was well tolerated, and no patient required ETI.
Favorable results were also obtained using NPPV 

during FB in patients with chronic obstructive pulmo-
nary disease (COPD). Da Conceiçao et al. [12] investi-
gated ten consecutive COPD patients with pneumonia 
who were admitted to the intensive care unit with 
hypercapnia (i.e., arterial carbon dioxide tension 
[PaCO

2
], 67 ± 11 mmHg) and hypoxemia (i.e., PaO

2
, 

53 ± 13 mmHg). During FB with NPPV, arterial oxygen 
saturation of hemoglobin measured by pulse oximetry 
(SpO

2
) increased from 91 ± 4.7% at baseline to 

97 ± 1.7%. There were no changes in PaCO
2
 and PaO

2
 

during the hour following the end of the procedure, and 
no patients were intubated within 24 h.

Maitre et al. [19] conducted a randomized double-
blind study of 30 patients with PaO

2
/FiO

2
 <300 to com-

pare facemask CPAP to oxygen administration in 
maintaining oxygenation during FB. CPAP allowed 
minimal alterations in gas exchange and prevented sub-
sequent respiratory failure. During FB and 30 min 
thereafter, SpO2 was significantly higher in the CPAP 
group than the oxygen group. Arterial blood gas mea-
surements 15 min after termination of FB showed that 
the PaO

2
 had increased by 10.5 ± 16.9% in the CPAP 

group and decreased by 15 ± 16.6% in the oxygen group 
(p = 0.01). Five patients in the oxygen group, but none 
in the CPAP group, developed respiratory failure and 
required ETI in the 6 h following the FB procedure.

In a subsequent trial, Antonelli et al. [5] randomized 
26 hypoxemic (i.e., PaO

2
/FiO

2
, <200) patients needing 

diagnostic FB to receive a FiO
2
 of 0.9 via facemask, or 

NPPV via oronasal mask with pressure support ventila-
tion of 15–17 cmH

2
O, expiratory pressure of 5 cmH

2
O 

and FiO
2
 of 0.9. PaO

2
/FiO

2
 was substantially higher 

both during FB (261 vs 139 mmHg) and 1 h after FB 
(176 vs 140 mmHg), although both groups started at 
essentially the same PaO

2
/FiO

2
 at baseline (143 vs 

155 mmHg). One hour after FB, the NPPV group had a 
lower mean heart rate (91 vs 108 beats/min; p = 0.02), 
and no reduction in mean arterial pressure in compari-
son to a 15% decrease from the baseline in the control 
group. Three patients required non-emergent ETI after 
undergoing FB, one patient in the NPPV group (7 h 
after the procedure) and two patients in the control 
group (9 and 5 h after the procedure). In all three cases, 
the ETI was not apparently related to FB.

In a more recent study [6] of patients with hypox-
emic acute respiratory failure receiving NPPV through 
the helmet, FB with BAL was shown to be a safe and 
feasible technique, capable of avoiding ETI and dis-
continuation of assisted ventilation.

48.4  Contraindications

The risks associated with either the bronchoscopic 
examination or NIV application should be weighed 
against the potential benefits of the procedure. The cri-
teria for excluding patients from NIV treatment include 
severe central neurological disturbances, inability to 
protect the airway, unstable hemodynamic conditions, 
vomiting, facial deformities, and recent oral, esopha-
geal, or gastric surgery. The following situations are 
considered contraindications to FB: (1) absence of 
consent from the patient; (2) lack of trained personnel; 
(3) refractory hypoxemia even during NIV; (4) inabil-
ity to normalize platelet count and coagulation if 
biopsy or brushing are anticipated; (5) unstable cardiac 
disease; and (6) uncontrolled bronchospasm [8]. In 
COPD patients, oxygen supplementation as well as 
intravenous sedation should be avoided or given with 
extreme caution during the procedure to prevent dan-
gerous increases in PaCO

2
 [26].

48.5  Practical Considerations

Technical aspects of the procedure are slightly differ-
ent depending on the type of interface that is adopted 
to deliver NIV. When NIV is given through a facial 
mask, a T-adapter is attached to the mask for insertion 
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of the bronchoscope through the nose or the mouth 
(Fig. 48.1). Differently, when a helmet is used, the 
bronchoscope is passed through the specific seal con-
nector placed in the plastic ring of the helmet 
(Fig. 48.2). This connector is also used to spray local 
anaesthetics into the nostrils and pharynx of the patient. 
The internal adjustable diaphragm of the seal connec-
tion can prevent loss of the respiratory gases, main-
taining ventilation throughout FB [6].

Prior to FB, NIV is delivered (if not yet started) for 
at least 15 min in order to obtain an adequate patient-
ventilator interaction. NIV is maintained during FB 
and for at least 30 min after completion of the proce-
dure, after which it is discontinued if the patient is not 
showing respiratory difficulties or significant gas 
exchange deterioration. The FiO

2
 is kept at 0.9–1 while 

the patient adjusts to the ventilator and during the 
examination. PEEP should be decreased or discontin-
ued during the FB procedure. For the first 30 min after 
termination of FB, the applied FiO

2
 is gradually 

reduced to the pre-FB requirements as long as the 
patient is able to maintain SpO

2
 at >92%.

Topical anesthesia of the nose and pharynx can be 
performed by spraying a 10% lidocaine solution. 
Topical anesthesia of the larynx and vocal cords can be 
obtained by injecting 2% lidocaine through the work-
ing channel of the bronchoscope. When FB is used to 
obtain samples from the lower respiratory tract for the 
diagnosis of pneumonia, the sampling area is selected 
by localizing new or progressive infiltrates on chest 
radiograph or the segment visualized during FB as hav-
ing purulent secretions [25]. There are no clear recom-
mendations regarding the sampling site in patients with 
diffuse lung infiltrates. In the supine patient, the BAL 
fluid recovery is best from the right middle lobe or 
 lingula. When BAL is performed, the tip of the bron-
choscope is wedged as far as possible into a distal air-
way, generally fourth to fifth order bronchi, and sterile 
saline solution is instilled through the bronchoscope 
and then aspirated into a sterile trap. Additional aliquots 
of 20–60 mL are injected and aspirated back after each 
instillation. The total amount of fluid used to obtain 
BAL ranges from 100 to 240 mL [16, 17, 25]. Bacterial 
pneumonia is diagnosed when a positive quantitative 

Fig. 48.1 Fiberoptic bronchoscopy with bronchoalveolar lavage 
performed during noninvasive ventilation delivered through an 
oronasal mask. HB handle of the bronchoscope, HME heat and 

moisture exchanger, RC respiratory circuit, SC seal connection, 
SCV suction control valve, WCAP working channel access port 
(Photograph printed with the permission of the patient)
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culture at 104 colony-forming units or more per milli-
liter of bacteria are measured in the BAL fluid [1].

The patient should have no oral feeding (or enteral 
nutrition) for 4 h and no clear oral fluids for 2 h before 
FB [8]. Subjects with a history of asthma should be 
premedicated with a bronchodilator before FB.

Cardiorespiratory monitoring during the procedure 
should include continuous electrocardiogram and 
SpO

2
, continuous intra-arterial blood pressure or inter-

mittent cuff blood pressure measurement at least every 
5 min, tidal volume, minute ventilation, and airway 
pressure.

Finally, the feasibility of the technique may be 
affected by the type of NIV interface. When NIV is 
delivered through a helmet, performing FB could be 
difficult if there is a large distance between the plastic 
ring of the helmet and the patient’s nose or mouth. One 
possibility to help the procedure might be removing 
the screw cap of the patient access port of the helmet 
[Fig. 48.2] for a few seconds to allow the operator to 
insert one hand into the helmet, helping the introduc-
tion of the bronchoscope into the patient’s nose or 

mouth. Once the bronchoscope is paced in the upper 
airway, the patient access port is closed and NIV is 
resumed.

The technique using a facial mask is in general eas-
ier. If a facial mask is used, transnasal FB may involve 
some difficulties when the seal connector of the cath-
eter mount, which joints the mask to the ventilator 
 circuit, is not positioned over the patient’s nose axis. 
When it occurs, it may be difficult either to introduce 
the bronchoscope into the nose or to maneuver the 
instrument through the airways. Replacing the face-
mask with another model can overcome this problem.

48.6  Conclusion

The use of NIV during FB appears to be a safe and 
valuable alternative to ETI for maintaining gas exchange 
in hypoxemic high-risk patients, especially those with 
hematological malignancies, allowing a prompt diag-
nosis and avoiding unnecessary empirical therapy.

Fig. 48.2 Fiberoptic bronchoscopy performed during non- 
invasive ventilation delivered through a helmet. AB armpit 
braces, APAP airtight patient access port, HB handle of the bron-

choscope, IP inlet port, OP outlet port, SC seal connection, SCV 
suction control valve, WCAP working channel access port 
(Photograph printed with the permission of the patient)
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49.1  Introduction

It is known that with the technological innovations 
both in the diagnosis and in multidisciplinary treat-
ment, the mortality rate at least for selected types 
of hematological malignancies has decreased. 
However, patients with hematological malignancies 
may often develop respiratory complications related 
to the underlying disorder and/or the aggressive 
treatment strategy. This may aversely affect their 
outcome, even if intensive care measures are 
adopted [1].

Prolonging survival, however, is not always a 
desirable goal to achieve for both the physician and 
the patient according to patient-centered management 
of diseases [2]. Conversely, palliation of symptoms 
and shared end of life decisions are the main targets 
of the care in order to maintain human dignity in the 
transition to the death [3]. With the introduction of 
non-invasive ventilation (NIV) to treat acute respira-
tory failure (ARF) of different etiologies about 2 
decades ago, classical outcome measures – such as 
hospital mortality, need for endotracheal intubation, 
complications of invasive ventilation, and length of 
hospital stay – have been drastically improved [4]. In 
parallel, mechanical ventilation is no longer associ-
ated with death in more than 80% of the cases. The 
feasibility and usefulness of NIV both in the treat-
ment of ARF in patients with hematological malig-
nancies and its use a palliative tool in the same group 
of patients near the end of their lives are still under 
debate [5, 6]. In this chapter, the rationale for using 
NIV outside the ICU and the little available literature 
will be discussed.
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49.2  When to Start NIV Outside the ICU

We need to keep in mind that the application of NIV 
outside a “protected” environment like the intensive 
care unit (ICU) or a respiratory intensive or high 
dependency unit (RICU or HDU) in the large majority 
of cases results in avoiding intubation and/or provid-
ing relief of dyspnea rather than being a real alterna-
tive to invasive mechanical ventilation. An ICU bed 
may not be available, and NIV can be initiated in the 
hematological wards. Reasons for this include moni-
toring systems and the patient/nurse ratio; also, the 
physician’s training in performing cardiorespiratory 
maneuvers, including intubation, may be profoundly 
different in the ICU compared to a “classical” medical 
ward.

On one hand, the early application of NIV is rec-
ommended outside the ICU in patients with acute 
respiratory failure due hematological malignancies 
to avoid the complications of invasive ventilation, 
but on the other hand, the clinicians should be aware 
of not going “too far” if NIV is not rapidly effective 
in order not to unduly delay the time of intubation. 
Therefore, the time to start and the time to eventu-
ally stop NIV are critical in a non-protected environ-
ment [7].

The “early” use of NIV is recommended because 
the opportunity to initiate NIV successfully may be 
lost if initiation is delayed and the patient’s underlying 
disease progresses too far. However, NIV can be started 
too early when the patient’s condition is so mild that 
no ventilatory assistance is needed and the patient is 
more likely to be intolerant than to be helped [8].

In our practice, it is essential to know the arterial 
blood gas tensions before making a decision about 
whether NIV is indicated. The patient should first be 
established on appropriate oxygen therapy and the 
arterial blood gases interpreted in the light of the 
inspired fraction of oxygen (FiO

2
). It is important to 

note that a relatively small proportion of patients who 
fulfill arterial blood gas criteria for NIV at the time of 
admission to hospital do in fact improve rapidly with 
initial medical treatment and an appropriate FiO

2
. 

Measurement of arterial blood gas tensions should be 
considered in all individuals with breathlessness of 
sufficient severity. Oximetry alone may provide false 
reassurance in patients on supplemental oxygen in 
whom oxygenation is well maintained despite danger-
ous hypercapnia [9].

In patients affected by “pump” failure, there is 
agreement that NIV in the medical ward should be 
started when the pH is below 7.35 and the PaCO

2
 is 

above 45–50 mmHg [4]. In patients with “lung” fail-
ure, NIV is indicated when the PaO

2
/FiO

2
 ratio is 

below 250 or when oxygen saturation does not reach 
90% despite high-flow oxygen therapy [4]. Although a 
“magic” threshold does not exist, it is strongly recom-
mended that in the case of a pH <7.28–7.30 and a 
PaO

2
/FiO

2
 <180–200, the patients should be trans-

ferred to an ICU or RICU, unless there is a “do-not-
intubate” (DNI) order or the patient is in a terminal and 
irreversible phase of the disease.

The institution of NIV also depends on other fac-
tors such as the severity of the patient’s clinical con-
dition. NIV is not indicated if consciousness is 
altered [10, 11], or if there is hemodynamic stability 
or association with other organ dysfunction [12]. 
For example, a patient with organ failure other than 
acute respiratory failure (i.e., coma or shock, etc.) is 
not a candidate for NIV, but rather for prompt intu-
bation, even if the arterial blood gases are still not 
severely compromised. Making the decision about 
when to start NIV is above all clinical and not only 
based on arterial blood gases. Most practitioners 
seek evidence of increased dyspnea as well as work 
of breathing (tachypnea or increased accessory mus-
cle use) [13].

It must also be said that the inability to recognize 
those patients in whom NIV will fail early on can 
lead to delayed intubation, clinical deterioration and 
increased morbidity and mortality. Therefore, recogni-
tion of those clinical and instrumental features that can 
help the physician to predict NIV failure early in the 
course of the disease is of great importance in order to 
avoid undue delay in the transfer of these patients to 
the ICU or RICU. Failure of gas exchange, pH, respi-
ratory rate, or dyspnea to improve after 1–3 h or dete-
rioration in hemodynamic or mental status should 
prompt referral to the ICU service for intubation [10, 
11]. This is true for the “classical” NIV indications 
and for the specific group with hematological malig-
nancy [14].

Overall, the delivery of NIV does not appear to 
increase the workload of nursing staff or respiratory 
therapists [15, 16], but this may be only true in specific 
environments where the experience and the training of 
the whole team may explain these conclusions. In par-
ticular, we have shown that staff training is a key factor 
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in determining the outcome of the patient undergoing 
a NIV trial [17]. Indeed, with few exceptions, all the 
studies dealing with the use of NIV were performed in 
units where the patient-to-nurse ratio was in the worst 
case 1:5 or 1:6.

Figure 49.1 shows a possible flow chart for the use 
of NIV outside the ICU in most of the Italian hospitals 
with an NIV service.

49.3  The Rationale for Using NIV 
in Hematological Patients 
with Acute Respiratory Failure

The use of NIV to treat an episode of respiratory fail-
ure in acutely ill hematological cancer patients is a 
relatively new field of application that is expanding 

DNI or
terminally ill

PaO2/FiO2>150-200
or
pH>7,28 and
PaCO2>45 mmHg

PaO2/FiO2<150
or
pH<7,28 and
PaCO2>45 mmHg 

Ward or
palliative
care Unit

Potentially 
reversibile
cause of ARF

Ward ICU
or 

equivalent

AIM: 
symptoms

relief 
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to prevent 

deterioration  of 
ARF and relief of 

dyspnea

AIM:
alternative to

intubation 
 

Acute Respiratory Failure
and/or Distress
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reversibile
cause of ARF 

Use of NIV in patients with Acute Respiratory Failure and with
Hematological Malignancies (HM)

Fig. 49.1 Possible flow chart 
for the use of NIV outside 
the ICU in most of the Italian 
hospitals with an NIV service
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very quickly given the very promising results obtained. 
Up to 30–40% of the patients with neutropenia may 
develop severe pulmonary infections. Other patients 
may also be prone to develop other respiratory compli-
cations, such as alveolar hemorrhage, capillary leak 
syndrome, radiation toxicity, or drug-related toxicity 
[18–20].

Endotracheal intubation increases the mortality risk 
because it concerns the sickest patients who cannot 
survive without being ventilated. Intubated patients 
have a greater possibility of developing new or super-
imposed infections, such as sinusitis and ventilator-
associated pneumonia [21]. The endotracheal tube 
bypasses the mechanical defenses of the upper airways 
and causes local damage. In addition, the portion of the 
trachea between the cuff and the vocal cords becomes 
a reservoir of secretions colonized by bacteria origi-
nating from the sinuses, the nasal passages, pharynx, 
oral cavity, and the stomach. These infected secretions 
can be introduced into the lung with every nursing 
maneuver [22], such as bronchoaspiration.

One of the strongest independent predictive factors 
of mortality in hematological patients is the need for 
mechanical ventilation. Despite the efforts made to 
prevent bacterial contamination of the patient/ventila-
tor circuit, ventilator-associated pneumonia (VAP) and 
worsening of a pre-existing infection are still the major 
challenges in intubated patients [23].

Despite adequate diagnostic evaluation and treat-
ment in the ICU, mortality remains high. However, 
with an up to 50% mortality rate in ventilated patients, 
we are now no longer asking questions about the actual 
benefit of mechanical ventilation, as was done 20 years 
ago. However, in allogeneic bone marrow transplant 
recipients, outcomes associated with mechanical ven-
tilation remain poor [24]. Nevertheless, NIV has never 
demonstrated benefits in BMT patients.

49.4  Clinical Use of NIV to Treat 
Acute Respiratory Failure

New types and modalities of chemotherapy, radiother-
apy, hematopoietic stem cell or bone marrow trans-
plantation have contributed to the increase in successful 
treatment of hematological malignancies. However, 
these regimens may predispose patients to various 
life-threatening complications. The lung has been rec-
ognized as the target organ most frequently involved 

in these complications. The implementation of NIV 
services outside a protected environment may be theo-
retically useful to avoid ICU bed congestion and to 
treat not only the respiratory distress directly caused 
by the hematological disease, but also the acute exac-
erbations of an underlying respiratory or cardiac dis-
ease, which are often present in patients with blood 
malignancies and mainly due to the tobacco abuse.

In this book, Antonelli and colleagues provide a 
contribution on the use of NIV to ensure the safety of 
bronchoscopy and BAL in hematological patients. 
Also, a review on palliative NIV is provided by Meert 
and colleagues.

The first attempts to apply NIV in immunocompro-
mised patients, although not those with hematological 
disorders, were made in the early 1990s by Gregg [25] 
and later by Gachot [26] in patients with acute respira-
tory failure due to Pneumocystis jiroveci infection. 
Both studies, although uncontrolled, concluded that 
continuous positive airway pressure (CPAP) delivered 
via a facemask was an effective supportive therapy in 
these acutely ill patients.

Several uncontrolled or pilot studies were per-
formed in the ICU in patients with acute respiratory 
failure and hematological malignancy. To define the 
impact of NIV vs. endotracheal intubation on the sur-
vival of cancer patients (mainly with hematological 
pathologies), a pairwise, matched, exposed-unexposed 
analysis was performed by Azoulay et al. [27]. Forty-
eight patients who received NIV as the first ventilation 
method and 48 who did not were matched for SAPS 
II, type of malignancy, and period of ICU admission. 
Crude ICU mortality rates from those exposed to NIV 
and from the controls were 44% and 71%, respec-
tively. NIV still had a protective effect against mortal-
ity after adjustment for matching variables. According 
to the risk of death attributable to mechanical ventila-
tion, about four patients had to receive NIV for one 
death to be prevented. NIV seems therefore to be an 
interesting alternative because of the lower risk of 
complications [28].

A paper published later by Hilbert [29] in the New 
England Journal of Medicine gave scientific dignity to 
NIV in this field. The authors conducted a prospective, 
randomized trial of intermittent NIV compared with 
standard treatment with supplemental oxygen and no 
ventilatory support in 52 immunocompromised patients 
with pulmonary infiltrates, fever, and an early stage 
of hypoxemic acute respiratory failure (PaO

2
/FiO

2
 

ratio <200). Half the patients had a hematological 
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malignancy and neutropenia. Periods of NIV delivered 
through a facemask were alternated every 3 h with 
periods of spontaneous breathing with supplemental 
oxygen. The decision to intubate was made according 
to standard, predetermined criteria. The main results of 
the study were that fewer patients in the NIV group 
than in the standard treatment group required endotra-
cheal intubation, had serious complications, or died in 
the ICU or in the hospital.

Although the study was performed in the ICU, some 
important conclusions may be drawn for the use of NIV 
outside this protected environment. The authors stressed 
the “early” use of NIV as a major factor of success. One 
of the enrollment criteria was a PaO

2
/FiO

2
 of <200 that 

corresponds to a PaO
2
 of 60 mmHg at an FiO

2
 of 30%; 

very often these patients in the “real world” are not 
always admitted to the ICU, especially if medical ther-
apy and oxygen have not yet been started. The study 
indicates on one hand that NIV is superior to oxygen 
alone, but on the other hand that at this stage of severity 
NIV may also be initiated outside the ICU provided a 
prompt transfer to an ICU or RICU is possible. Indeed, 
although in the ICU so-called “isolated” or “negative 
pressure” rooms are not frequently available, most of 
the hematological wards probably have these facilities, 
so that these patients could be treated early with NIV, 
without exposing them to a high risk of infection.

Several other studies [14, 27, 29–37], illustrated in 
Table 49.1, follow along the line of Hilbert’s study, but 
they were performed mainly in the ICU, with the 
exception of a couple of studies.

In 1998 the first report of the use of NIV outside 
the ICU in a patient with respiratory failure after 
hematopoietic progenitor transplantation was pub-
lished [37]. Also, Principi et al. [35] described the use 
of NIV directly in the hematological unit of a univer-
sity hospital in a prospective clinical study with his-
torical matched controls. They compared the efficacy 
of early administration of noninvasive CPAP delivered 
by the helmet vs. facemask to treat hematological 
malignancy patients with fever, pulmonary infiltrates, 
and hypoxemic acute respiratory failure (PaO

2
/FiO

2
 

<200). A total of 34 patients were enrolled with a mean 
oxygenation ratio of about 140. Oxygenation improved 
in all patients after nCPAP. No patient failed helmet 
nCPAP because of intolerance, while eight patients in 
the mask group did so. nCPAP could be applied con-
tinuously for a longer period of time in the helmet 
group, so that the authors concluded that early nCPAP 
with a helmet improves oxygenation in selected immu-
nocompromised patients with hypoxemic acute respi-
ratory failure even outside the ICU. Indeed the tolerance 
of helmet nCPAP seems better than that of nCPAP 
delivered by a mask.

There are several new pieces of information from 
the Principi’s study. First, they assessed the safety and 
feasibility of NIV outside the ICU in hematologic 
patients with severe acute respiratory failure. Second, 
they applied a particular interface, the helmet, which is 
probably the most simple and easiest way to apply 
CPAP outside a protected unit, since it does not require 
any electrical power and/or need a ventilator. The hel-
met should however be used with caution, especially 
in hypercapnic patients, when applying pressure sup-
port ventilation with a commonly used ventilator 
because of the possibility of rebreathing CO

2
 and of 

poor patient/ventilator interaction. Third, this study 
indirectly highlighted that interdisciplinary collabora-
tion between hematologists and intensivists appears 
crucial for achieving an early implementation of non-
invasive mechanical ventilation and improving the 
quality of care. One year later, Rabitsh et al. [33] ret-
rospectively analyzed the efficacy of NIV in 35 patients 
with acute hypoxemic respiratory failure after autolo-
gous or allogeneic stem cell transplantation directly 
ventilated in the bone marrow transplant unit. NIV 
was delivered by a standard facemask or helmet. Of 
the 82 patients who developed respiratory failure, 
47 patients were initially intubated and mechanically 
ventilated. None of these patients survived. Thirty-five 
patients initially underwent NIV. Seven of these  

Author References No. of  
patients

Location

Conti et al. [30]  16 ICU

Hilbert et al. [29]  26 ICU

Tognet et al. [31]  18 ICU

Azoulay et al. [27]  42 ICU

Depuydt et al. [32] 166 ICU

Rabitsh et al. [33]  35 Bone marrow 
transplant unit

Hilbert et al. [34]  64 ICU

Principi et al. [35]  17 Oncology ward

Rocco et al. [36]  8 ICU

Marin et al. [37]  1 Hematological ward

Table 49.1 No. of patients and locations of published studies 
using niv in hematological patients
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patients survived and were discharged from the hospi-
tal (20%). Eleven of the 35 (31%) patients improved 
within the first 4 h of NIV with respect to oxygenation 
and were regarded as responders. In all survivors, the 
partial pressure of arterial oxygen (PaO

2
) improved 

after the initiation of NIV, whereas in non-survivors, 
PaO

2
 improved in only 4/28 patients (17%) (P < 0.0001). 

The authors concluded that in patients with acute 
respiratory failure after stem cell transplantation, NIV 
could improve prognosis when compared to a group of 
patients who constantly die if they receive mechanical 
ventilation.

49.5  Conclusions

Using early NIV in an environment less prone to infec-
tious contamination (i.e., sterile rooms in the hemato-
logical ward) may be interesting for hematological 
patients. The choice to perform NIV outside a pro-
tected environment should be made carefully in order 
to balance the severity of acute respiratory failure and 
the intensity of care needed together with the optimi-
zation of the limited economic resources of national 
health systems. The number and the experience of the 
team (medical doctors, respiratory therapists, nurses) 
have to be adequate and adapted to the severity of the 
acute illness. The more expert the team is in NIV, the 
greater the severity of the ARF that can be managed 
[17], provided that switching from NIV to invasive 
ventilation can be done very quickly. Sometimes NIV 
use may only delay the time to more aggressive treat-
ment. Clinical evaluation when NIV is implemented 
and then regularly is warranted. Last but not least, ethi-
cal and palliative issues should be taken in account 
when implementing NIV [3, 5].
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Noninvasive mechanical ventilation (NIV) can be used 
in two categories of palliative care patients with hema-
tological malignancies: patients with do-not-intubate 
(DNI) orders and patients very near the end of life who 
receive comfort measures only.

The role for NIV in patients with DNI orders has 
been assessed in a few studies (Table 50.1). In a study 
published in 1992 [1], nasal-mask ventilation was used 
as the treatment of last resort in 30 elderly noncancer 
patients in whom endotracheal intubation was deemed 
inappropriate. Of the 30 patients, 18 were successfully 
weaned off NIV and 12 failed to improve; in this last 
group, eight died and four received endotracheal 
mechanical ventilation. The first study that included 
cancer patients was done in 11 terminally ill patients 
who refused endotracheal intubation, including three 
patients with cancer [2]. Facial mask NIV used to treat 
hypercapnic or hypoxemic acute respiratory failure 
was effective in 7 of the 11 patients, all of whom sur-
vived and were discharged from the ICU, and five of 
whom were discharged alive from the hospital. The 
four patients who died in the ICU had hypercapnic 
respiratory failure. In another study [3], the same team 
evaluated 26 patients with advanced disease (three 
with lung cancer and the others with end-stage chronic 
obstructive pulmonary disease (COPD), liver disease, 
or AIDS) and who refused intubation. Nine patients 
died during the ICU stay, including five in whom NIV 
was not effective and was discontinued at the patient’s 
or family’s request. Thus, NIV is feasible and effective 
in terminally ill patients.

These results prompted several larger studies. Levy 
et al. [4] reported a study of 114 patients (including 14 
with malignancies) with DNI orders who were treated 
with NIV. Among them, 43% were discharged alive 
from the hospital. In patients with COPD, the results 
of palliative NIV seem good. A study assessed the role 
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for NIV in 37 COPD patients who had DNI orders and 
who developed acute respiratory failure [5]. Median 
survival was 179 days with a 1-year survival rate of 
about 30%. Most of the survivors experienced another 
life-threatening event within the next year. In a more 
recent study, NIV was successful in 54 of 62 hypercap-
nic COPD patients with DNI orders [6]. In a retrospec-
tive study of 233 ICU patients managed with NIV in 
2002–2004, 36 patients (including six with cancer) 
had DNI orders [7]. Hospital survival in these 36 
patients was only 26%, compared to 74% in the other 
199 patients [7]. A prospective study of patients with 
DNI orders who received NIV showed that this modal-
ity was effective in reversing acute respiratory failure 
and preventing hospital mortality in patients with 
COPD or cardiogenic pulmonary edema, but not 
in those with postextubation failure, hypoxemic 

respiratory failure, or end-stage cancer (n = 40) [8]. 
A score combining the SAPS II value and the serum 
albumin level predicted survival in NIV-treated patients 
with DNI orders [8].

Only two studies focused specifically on cancer 
patients. We evaluated the role for NIV in 18 cancer 
patients with treatment-limitation decisions (including 
DNI orders). Among them, 12 had lung cancer, two 
head and neck cancer, two bladder carcinoma, one 
 prostate cancer, and one acute myeloblastic leukemia 
[9]. The reasons for NIV were hypoxemic respiratory 
failure in 11 patients and hypercapnic respiratory fail-
ure in 7. NIV was well tolerated. Total median NIV 
duration was 29 h (over a median of 2.5 days). Total 
median ICU stay duration was 7 days. Only four 
patients failed to respond to NIV. Fourteen patients 
were discharged alive from the ICU and ten from the 

Author No. patients No. cancer 
patients

Patients Overall hospital 
discharge rate

Hospital discharge 
rate in cancer 
patients

Meduri [2] 11 3 Terminally ill patients 45%

Meduri [3] 26 3 COPD, liver disease, AIDS,  
lung cancer

64%a

Benhamou [1] 17 0 Elderly 47%

Farha [17] 14 0 COPD, pulmonary edema,  
obesity hypoventilation,  
neuromuscular disease

50%

Chu [5] 37 0 COPD 179 daysb

Scarpazza [6] 62 0 COPD 87%

Levy [4] 114 14 COPD, pneumonia, other  
(one lymphoma and one chronic 
myelogenous leukemia)

43%

Schettino [8] 131 40 COPD, pulmonary edema,  
non-COPD hypercapnic  
failure, postextubation  
respiratory failure, hypoxemic  
respiratory failure

35% 15%

Fernandez [7] 36 6 COPD, non-COPD 26%

Meert [9] 18 18 17 solid tumors and one  
leukemia

55% 55%

Cuomo [10] 23 23 Solid tumors 56% 56%

Table 50.1 Studies assessing noninvasive ventilation in patients with do-not-intubate orders

AIDS acquired immune deficiency syndrome, COPD chronic obstructive pulmonary disease
aICU discharge
bMedian survival
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hospital. Overall median survival was 50 days, and 
1-year survival was 10%. Among the 12 lung-cancer 
patients, nine (75%) survived to hospital discharge, 
compared to only 16% of the six other patients. These 
results suggested a role for NIV in cancer patients with 
treatment-limitation decisions, although the long-term 
survival rate was low, in large part because of cancer 
progression. A single patient, aged 76 years, had a 
hematological malignancy (leukemia); this patient was 
managed successfully with NIV for acute cardiogenic 
pulmonary edema. The other study in cancer patients 
included 23 palliative-care patients with solid tumors 
and acute respiratory failure [10]. Among them, 13 
were managed successfully with NIV and discharged 
alive, two failed NIV and accepted endotracheal 
mechanical ventilation, and eight died after a period of 
NIV. Higher SAPS II and lower PaO

2
/FiO

2
 were asso-

ciated with a lower survival rate. The 1-year survival 
rate was 13% [10].

Thus, in patients with advanced cancer and treat-
ment-limitation decisions, NIV seems useful. That 
over 50% of these cancer patients are discharged alive 
from the hospital after an acute illness managed using 
NIV is encouraging. However, about 90% of these 
patients die within the next year, usually from progres-
sion of the cancer, which recovers its independent 
influence on survival after resolution of the acute com-
plication [11]. Our group has reported that the charac-
teristics of the cancer do not predict hospital or ICU 
survival, but do predict survival after discharge [11]. 
Furthermore, the response to life-supporting treat-
ments (cardiorespiratory resuscitation [12], endotra-
cheal mechanical ventilation [13], NIV [14], and 
continuous veno-venous hemodialfiltration [15]) are 
independent from cancer characteristics. In patients 
with DNI orders, NIV is well tolerated and can pro-
long life, allowing further anti-cancer therapy or giv-
ing the patient time to complete life-closure tasks. NIV 
may be offered to cancer patients with reversible 
causes of acute respiratory failure for whom poten-
tially life-extending treatments are available. For 
example, many cancer patients are smokers or former 
smokers who experience COPD exacerbations or epi-
sodes of cardiogenic pulmonary edema that may 
respond promptly to NIV.

However, when rapid death is unavoidable, care 
should be taken to avoid prolonging the dying process. 
No study has fully assessed the effectiveness and safety 

of NIV in patients who are very near the end of life and 
who receive comfort measures only. NIV may alleviate 
dyspnea due to acute respiratory failure complicating 
COPD [2] or cancer [10]. In a few patients, the relief 
from dyspnea and improved level of consciousness 
provided by NIV might improve communication at the 
end of life. However, further research is needed to 
determine whether these patients benefit from NIV. 
Importantly, many dying patients may find NIV unde-
sirable because they feel the potential for dyspnea 
relief does not outweigh the discomfort caused by the 
tight-fitting facemask. Furthermore, the technical 
aspect of NIV might cause stress, and the facemask 
impedes communication. No studies have compared 
NIV in this setting with pharmacological treatments, 
such as morphine.

The palliative use of NIV is controversial. It has 
been argued that the decision to use NIV is up to the 
patient and family once they are fully informed about 
the risks and potential benefits [16]. The ethical and 
economic costs of using NIV to delay death have been 
described as unacceptably high. Informed consent is 
one of the main challenges raised by using NIV for 
palliative care. Patients do not always discuss end-of-
life issues with their physicians, and many physicians 
are reluctant to discuss advance directives with their 
patients. Importantly, the patient must be informed of 
the risks and benefits of NIV and must consent to NIV. 
Then, the patient must be able to decide at any time to 
continue or to stop NIV. If the patient wants only com-
fort care without life-sustaining measures, NIV may 
be inappropriate, whereas NIV might deserve consid-
eration in patients who are willing to use life-prolonging 
techniques but do not want to be intubated. In all cases, 
if NIV induces more discomfort than relief, the patient 
can simply choose to discontinue NIV, and comfort is 
then achieved using pharmacological treatments. 
Continued NIV despite patient discomfort may lead to 
painful facial skin irritation or necrosis, dryness of the 
nose and throat, distension of the esophagus and stom-
ach, ocular irritation, and inadequate rest and sleep due 
to the noise caused by the ventilator. Intensivists must 
be careful not to give unreasonable expectations to the 
patient and family, and not to merely prolong the dying 
process. Often, a private room where the loved ones 
can remain at the bedside is the best means of provid-
ing comfort and a dignified death. With this in mind, 
we have developed an algorithm for decisions about 



634 A.-P. Meert et al.

using mechanical ventilation in our institution 
(Fig. 50.1).

The success of NIV depends on two factors: early 
use and delivery by experienced personnel. NIV 
improves patient outcomes only when used early. 
NIV used for palliative care in patients close to the 
end of life may be feasible on the wards, provided the 
staff is well trained and patient monitoring is ade-
quate. In a study of 14 patients (COPD, neuromuscu-
lar disease, pulmonary edema, pneumonia, and 
pulmonary fibrosis) who had DNI orders and who 
received NIV on the hospital ward, survival was 50%, 
that is, similar to the rate seen when NIV is used in 
the ICU.

In conclusion, very few data are available on the 
role for NIV in palliative care patients with hemato-
logical malignancies. Experience acquired in patients 
with solid tumors indicates that NIV is feasible and 
effective provided the cause of acute respiratory fail-
ure is reversible and life-extending cancer treatment 
is available. For patients who are very near the end of 
life and who are receiving comfort measures only, 
NIV may alleviate dyspnea, although there is no evi-
dence that NIV is better than pharmacological treat-
ments such as morphine. In all cases, the patient must 
be fully informed and asked to provide or deny con-
sent. Further studies are clearly needed to identify 
the subsets of palliative care patients with hemato-
logical malignancies who are most likely to benefit 
from NIV.
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51.1  Introduction

Acute kidney injury (AKI) is a serious complication 
during malignancies that causes substantial morbidity 
and mortality. Among critically ill cancer patients 
(CICPs), the prevalence of AKI may be as high as 
49%, and up to one third (32%) of CICPs will require 
renal replacement therapy (RRT) during their ICU stay 
[1–7]. The risk of AKI seems higher in CICPs than in 
other critically ill patients [5,8]. The hospital mortality 
rate may be as high as 80% in studies of CICPs requir-
ing RRT [3,6]. Moreover, AKI may preclude optimal 
cancer treatment by requiring a decrease in chemo-
therapy dosage or by contraindicating potentially cura-
tive treatment (e.g., high-dose methotrexate in patients 
with recently diagnosed Burkitt lymphoma).

Unresolved issues in this setting are similar to those 
in the overall population of patients with AKI, namely, 
the definition of AKI, the possible benefits from early 
RRT, and the optimal dialysis dose. Multiple causes 
are often present in combination, such as contrast 
nephropathy, toxicity of cancer chemotherapy, infiltra-
tion by cancer cells, and sepsis. These causes are listed 
in Table 51.1. We will discuss factors associated with 
specific aspects of renal disease in CICPs, and we will 
provide a comprehensive overview of the specific 
causes of AKI in this population, including acute tumor 
lysis syndrome (TLS), treatment toxicity, sinusoidal 
obstruction syndrome, and thrombotic microangiopa-
thy syndrome.
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51.2  Consequences of Acute  
Renal Failure

51.2.1  Prognostic Impact of AKI

Despite improvements in RRT technology and 
advances in supportive care, the morbidity and mortal-
ity associated with AKI have remained unchanged 
over the last decades [9,10]. Whether this poor progno-
sis in patients with AKI is a reflection of the severity of 
the underlying disease or should be attributed to the 
uremic state has long been debated. Several recent 
studies have suggested that AKI in itself, indepen-
dently of underlying disease or its severity, and apart 
from the metabolic consequences of the uremic state, 
may influence patient prognosis. Indeed, several stud-
ies have demonstrated a consistently high relative risk 
of death associated with AKI despite adjustment for 
comorbid conditions and severity of illness [9,11,12]. 
In addition, several studies have underlined the impact 
of a prognosis of modest AKI [11,13–15]. A recent 
study demonstrated modest rises in serum creatinine 
(>26 mmol/L) to be associated with a 6.5 odds increase 
in the risk of hospital death (95% CI 5.0–8.5) [11]. In 
fact, the kidney is no longer considered a witness 
of multiple organ failure, but as an actor that may 
 participate in organ dysfunction [16].

51.2.2  Kidney Lung Crosstalk

An increasing body of evidence suggests that detrimen-
tal interactions may develop between the kidney and 
lung. This lung-kindey crosstalk may help us to under-
stand the natural history of multiple organ failure and 
underline the central role of AKI in this syndrome.

51.2.2.1  Kidney–Lung Interaction

Beside hydrostatic pulmonary edema that occurs as a 
consequence of volume overload in the setting of 

Table 51.1 Causes of acute renal failure in cancer patients (ACE 
inhibitors: angiotensin-converting enzyme inhibitors; NSAIDs: 
nonsteroidal anti-inflammatory drugs

Prerenal failure

• Sepsis

• Extracellular dehydration (diarrhea, mucitis, vomiting)

•  Sinusoidal obstruction syndrome (formerly called hepatic 
veno-occlusive disease)

•  Drugs (calcineurin inhibitors, ACE inhibitors, NSAIDs, 
etc.)

• Capillary-leak syndrome (IL2)

Intrinsic failure

• Acute tubular necrosis

– Ischemia (shock, severe sepsis)

–  Nephrotoxic agents (contrast agents, aminoglycosides, 
amphotericin, ifosfamide, cisplatin)

– Disseminated intravascular coagulation

– Intravascular hemolysis

• Acute interstitial nephritis

– Immuno-allergic nephritis

– Pyelonephritis

– Cancer infiltration (lymphoma, metastasis, etc.)

– Nephrocalcinosis

• Vascular nephritis

– Thrombotic microangiopathy

– Vascular obstruction

• Glomerulonephritis

–  Amyloidosis (AL: myeloma; AA: renal carcinoma or 
Hodgkin’s disease)

– Immunotactoid glomerulopathy

–  Membranous glomerulonephritis (pulmonary, breast, or 
gastric carcinoma))

– IgA glomerulonephritis, focal glomerulosclerosis

Postrenal failure

•  Intra-renal obstruction (urate crystals, light chain, 
acyclovir, methotrexate, etc.)

•  Extrarenal obstruction (retroperitonal fibrosis, ureteral or 
bladder outlet obstruction)
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AKI [17], experimental evidence suggests that pul-
monary injury occurs during AKI [18]. Experimental 
models have demonstrated that ischemic/reperfusion 
kidney injury in rodents leads to an increase in pul-
monary vascular permeability, a lesional pulmonary 
edema, and an increase in bronchoalveolar lavage 
protein concentration [19–21]. In addition, ischemic/
reperfusion kidney injury leads to downregulation of 
the epithelial salt and water transporters, ENaC, Na+-
K+-ATPase and aquaporin, in rodent lung [21]. These 
changes seems to be due to activation of proinflam-
matory and proapoptotic pathways specific to the 
ischemic/reperfusion injury rather than due to uremic 
syndrome [21].

Cytokines seem to play a major role in the initiation 
and progression of this response [22]. In mice, AKI or 
bilateral nephrectomy is associated with an increase in 
IL-6, IL-1b, and macrophage inflammatory protein 2 
[23]. The critical role of IL-6 in distant organ dysfunc-
tion related to AKI has been further demonstrated by 
experimental studies [24].

51.2.2.2  Lung–Kidney Interaction

Beside changes in respiratory function occurring after 
AKI, acute lung injury (ALI) may influence renal 
function. The role of hemodynamic changes has been 
well established during mechanical ventilation. 
Indeed, mechanical ventilation may reduce cardiac 
output and modify renal blood flow (RBF) [25–27]. 
Positive pressure ventilation may modify cardiac pre-
load and cardiac afterload, and has been associated 
with changes in glomerular filtration rate, RBF, and 
free water clearance [25–27]. In addition, positive 
pressure ventilation may activate sympathetic and 
renin-angiotensin systems, and suppress atrial natri-
uretic peptide release [28].

Beside modifications induced by positive pressure 
ventilation in itself, hypoxemia and hypercapnia can 
modify renal vascular resistances [29–31] and diuresis 
[32–34]. This effect, well demonstrated in healthy sub-
jects, is retrieved in patients with ALI [35]. The mech-
anism of this effect remains controversial [32,34–36], 

and its long-term impact on mechanical ventilation 
remains to be evaluated.

Last, emerging data support the idea that 
biotrauma induced by mechanical ventilation affects 
not only the lung, but also leads to further systemic 
inflammation through the release of inflammatory 
cytokines [37,38]. In a recent study evaluating pro-
tective ventilation, higher tidal volumes were asso-
ciated not only with a higher level of TNF-a, IL-1b, 
IL-6, and IL-8, but also with a higher rate of AKI 
[37–40].

51.2.3  AKI in Patients with ALI/ARDS  
and in Critically Ill Cancer  
Patients

The association of ALI or ARDS with AKI is particu-
larly common. A recent study evaluated factors predic-
tive of AKI occurrence in the first three studies of the 
ARDS network (876 patients evaluated) [39]. Of these 
patients, 209 (24%) developed an AKI according to the 
RIFLE definition [39]. When ALI and AKI are com-
bined, mortality has been described to be as high as 
80% [41].

In CICPs, up to 66% of the cancer patients requir-
ing mechanical ventilation had an AKI accordingly to 
the RIFLE criteria [42]. In this population of patients, 
oliguria was associated with a longer duration of 
mechanical ventilation (odds ratio 2.51; 95% CI 1.24–
5.08) after adjustment for confounding factors and was 
strongly predictive of hospital mortality (odds ratio 31; 
95% CI 8–127) [42].

Beside the impact on prognosis of AKI in CICPs, 
the development of an AKI may preclude optimal 
cancer treatment and therefore chances for the 
patient to experience complete remission [43]. As a 
consequence, if AKI has been demonstrated to be 
independently associated with a poor prognosis in 
patients with acute myeloid leukemia, this effect is 
mainly due to frequent failure of the induction 
 treatment [43].



640 M. Darmon et al.

51.3  Specific Causes of Acute Renal 
Failure in Onco-hematological 
Patient

51.3.1  Acute Tumor Lysis Syndrome

TLS is a potentially life-threatening complication of 
cancer treatment in patients with extensive, rapidly 
growing, chemosensitive malignancies. TLS results 
from the rapid destruction of malignant cells, which 
abruptly release intracellular ions, proteins, and metab-
olites into the extra-cellular space [44,45]. Potassium, 
calcium, phosphates, and uric acid are present in high 
concentrations within malignant cells. The result is a 
constellation of metabolic disturbances that can cause 
AKI of which the most common mechanism is uric-acid 
crystal formation in the renal tubules. Another cause of 
AKI is calcium-phosphate deposition related to hyper-
phosphatemia. AKI may, in itself, cause substantial 
morbidity and mortality [9]. In addition, AKI leads to 
further increases in the above-listed metabolites, most 
notably potassium and phosphate, which may lead to 
cardiac arrhythmia or sudden death [44,46].

51.3.1.1  Definition and Risk Factors

Until very recently, there was no diagnostic criterion 
for TLS. The first diagnostic classification was devel-
oped by Hande and Garrow in 1993, then modified by 

Cairo and Bishop (Table 51.2) [44]. According to this 
classification, a constellation of metabolic disturbances 
(hyperkalemia, hyperphosphatemia, hyperuricemia, 
and hyperkalemia) defines laboratory TLS in high-risk 
patients, whereas clinical manifestations (cardiac, 
renal, or neurological manifestations of TLS) in a 
patient with laboratory TLS defines clinical TLS. 
Guidelines developed in 2008 rest on this classifica-
tion [45].

Early recognition of high-risk patients may allow a 
risk-based strategy for preventing both TLS and AKI. 
TLS typically occurs in patients with high-grade hema-
tological malignancies (acute leukemia, Burkitt’s lym-
phoma, or other high-grade non-Hodgkin’s lymphoma) 
[47–52]. Despite routine urate oxidase therapy, TLS 
develops in 10–50% of patients with these high-grade 
malignancies [53–56] and AKI in up to one third 
[54–56]. In addition to the type of tumor and to its sen-
sitivity to chemotherapeutic agents, features related to 
the tumor burden (large tumor burden,  lactate dehy-
drogenase >1,500 IU, and extensive bone marrow 
involvement) influence the risk of TLS [48]. Last, 
patient characteristics may affect the TLS risk. For exam-
ple, preexisting renal failure is  associated with an 
increased risk of laboratory and clinical TLS.

51.3.1.2  Treatment

Three steps must be distinguished: (1) prevention of 
TLS, (2) prevention of clinical manifestations in 
patients with laboratory TLS, and (3) prevention of 
further organ dysfunction in clinical TLS. The goal of 
these measures is to prevent AKI, which severely 
exacerbates the laboratory and clinical manifestations 
of TLS. In addition, this strategy may help to avoid 
not only excess mortality, but also residual organ 
dysfunction.

Therefore, hyperuricemia control and nephrocalci-
nosis prevention are key treatment goals. Although 
this strategy is not supported by interventional study, 
we believe that RRT should be started if the metabolic 
disorders are not controlled within 6 h of treatment ini-
tiation. If AKI develops despite prevention, extra-renal 
therapy should be initiated quickly to clear the excess 
of phosphates, thus limiting further kidney impairment 
[57]. Patients with highly aggressive tumors may have 
hypophosphatemia and hypokalemia before cancer 

Table 51.2 Definition of acute tumor lysis syndrome

Laboratory TLS: at least two of the following in serum

Nonionized calcium <1.75 mmol/L or −25% from baseline

Potassium >6 mmol/L or +25% from baseline

Uric acid >476 mmol/L or +25% from baseline

Phosphate >1.45 mmol/L or +25% from baseline

Clinical TLS: laboratory TLS (above) plus one of the 
following

Renal involvement Acute kidney injury

Cardiovascular involvement Cardiac arrhythmia or sudden 
death

Neurological involvement Seizure

TLS tumor lysis syndrome



64151 Acute Kidney Injury in Cancer Patients

chemotherapy initiation. These abnormalities indicate 
a high risk of TLS; therefore, they should not be cor-
rected. Preventive and curative measures are summa-
rized in Table 51.3.

Although no scientific proof exists to support this 
statement, ICU admission should be discussed rou-
tinely for high-risk patients and patients with overt 
TLS, especially spontaneous TLS. In addition, close 
metabolic monitoring should be performed, including 
measurement of serum potassium, calcium, phosphate, 
urea, creatinine, and uric acid at least every 8 h.

 Fluid Expansion

The mainstay for TLS prophylaxis or treatment is 
aggressive hydration with saline solution to maintain 
a high urinary output capable of flushing out uric acid 
and phosphate [44,57,58]. In patients whose urinary 
output decreases despite adequate fluid intake, 
diuretic therapy with or without mannitol has been 
suggested [44,45]. In our experience, the effective-
ness of diuretics is limited. In addition, the develop-
ment of oliguria usually indicates AKI, which requires 
RRT as opposed to diuretics, especially when oligu-
ria develops despite adequate prevention. As a gen-
eral rule, caution is required when using diuretics in 
critically ill patients [59].

 Urine Alkalinization

Urine alkalinization has long been used to promote the 
elimination of uric acid. However, the introduction of 
fast-acting urate oxidase has considerably reduced the 
risk of urate nephropathy [52,60]. In addition, urine 
alkalinization may promote calcium-phosphate deposi-
tion [61,62]. Furthermore, the efficacy of urine alka-
linization remains unclear. High tubular fluid flow is 
the key to protecting against acute uric-acid nephropa-
thy, and urine alkalinization may play only a minor pre-
ventive role, at least in animal models of hyperuricemia 
[58]. Given the limited effectiveness and potential 
adverse effects of urine alkalinization, this method is 
no longer recommended routinely when urate oxidase 
is available (level of evidence V; grade D recommenda-
tion) [45]. However, the role for urine alkalinization in 
patients treated with allopurinol remains unclear [45].

 Hypouricemic Agents

Several agents are available for decreasing uric acid 
levels. Recombinant urate oxidase converts uric acid to 
allantoin, which is five to ten times more soluble in 
urine [44]. Recombinant urate oxydase (rasburicase) 
decreases the median uric acid concentration from 577 
to 60 mmol/L within 4 h [51]. Moreover, recombinant 
urate oxidase significantly decreases the uric-acid 
exposure time compared to allopurinol in children at 
high risk for TLS [52]. Recombinant urate oxidase 

Table 51.3 Definitions of laboratory and clinical tumor lysis 
syndrome in adults, according to Cairo and Bishop [44]

General measures

Avoid correcting of hypokalemia or hypophosphatemia 
before induction

Avoid urine alkalinization

Avoid correcting hypocalcemia, unless symptomatic

Prevention of TLS

Volume expansion

Urate oxidase if high risk for TLS, allopurinol otherwise

No phosphate, potassium, or calcium in the intravenous 
fluids

Prevention of clinical TLS

Volume expansion

Urate oxidase

No phosphate, potassium, or calcium in the intravenous 
fluids

Initiate RRT if phosphatemia remains high after 6 h of 
management

Treatment of clinical TLS

Volume expansion

Urate oxidase

No phosphate, potassium, or calcium in the intravenous 
fluids

Initiate RRT:

  After 6 h in patients with persistent hyperphosphatemia 
or renal function impairment

  Immediately in patients with cardiac or neurological 
manifestations

TLS tumor lysis syndrome, RRT renal replacement therapy
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ensures the control of plasma uric acid within 4 h 
[51,60,63]. Last, urate oxidase has long been known to 
decrease the risk of AKI during TLS [64]. Although 
very effective, recombinant urate oxidase is costly. In 
2003, the cost of rasburicase treatment for a 70-kg adult 
for 4 days was estimated at 2,200 € in Europe [64,65]. 
Whereas rasburicase treatment of established TLS in 
adults was highly cost-effective, the cost- effectiveness 
of TLS prevention with rasburicase varied widely, 
being extremely sensitive to TLS risk [64,65]. 
Therefore, rasburicase should be restricted to the pre-
vention of TLS in high-risk patients, the treatment of 
established TLS, and the prevention of TLS in low- or 
intermediate-risk patients who have preexisting hyper-
uricemia or who develop hyperuricemia despite 
allopurinol [45,65]. Rasburicase is contraindicated in 
patients with glucose-6-phosphate dehydrogenase 
(G6PD) deficiency, as uric acid breakdown leads to 
excessive hydrogen peroxide production with a risk of 
hemolysis [66].

In patients at low or intermediate risk for TLS, 
allopurinol can be used as a hypouricemic agent. 
Allopurinol is a xanthine analog that decreases the con-
version of xanthine to uric acid [63]. However, although 
allopurinol may decrease the risk of uric acid nephropa-
thy in some patients, it also increases serum xanthine 
and hypoxanthine concentrations. Both compounds are 
less soluble in water than uric acid, so that xanthine 
nephropathy may develop [62]. This complication is 
uncommon, however, and allopurinol is still recom-
mended provided the treatment is started 24–48 h before 
cancer chemotherapy and continued for 3–7 days after 
the cancer chemotherapy initiation (level of evidence: II; 
grade B recommendation) [45]. In addition, since 
allopurinol prevents the formation of uric acid but does 
not decrease the amount of uric acid present before treat-
ment initiation, rasburicase should be preferred in 
patients with baseline hyperuricemia (>450 mmol/L) 
(level of evidence: II; grade B recommendation) [45].

 Prevention of Nephrocalcinosis

Nephrocalcinosis prevention requires the correction of 
hyperphosphatemia. Calcium should not be adminis-
tered. Apart from hydration, few methods are available 
for preventing or treating hyperphosphatemia. The 
persistence of hyperphosphatemia 4–6 h after the ini-
tiation of a saline infusion should lead to RRT. 

Although hyperphosphatemia remains a good marker 
for the response to hydration, the occurrence of 
hypocalcemia with persistent hyperphosphatemia usu-
ally indicates calcium-phosphate crystal deposition.

 Indication and Timing of Renal  
Replacement Therapy

Although the indications of RRT in TLS have not been 
the focus of specific studies, emergency RRT is prob-
ably appropriate when hydration fails to promptly 
improve the metabolic disturbances or when AKI 
develops. AKI carries a poor prognosis in patients with 
TLS [55]. RRT may prove effective in controlling the 
metabolic disturbances and preventing AKI. A few 
case reports and case series suggest that phosphate 
clearance may be higher with sequential dialysis than 
with hemofiltration. However, phosphate rebound is 
common 30–60 min after the end of hemodialysis [46]. 
Extended daily dialysis or isolated sequential dialysis 
followed by continuous hemofiltration may therefore 
be helpful in patients with TLS requiring RRT.

 Management of Cancer Chemotherapy in Patients 
with Tumor Lysis Syndrome

In patients at high risk for TLS or with spontaneous 
TLS, the appropriateness of delaying cancer chemo-
therapy until preventive measures are initiated should 
be discussed based on patient status and on the nature 
of the underlying malignancy (level of evidence: II; 
grade A recommendation) [45]. In addition, increasing 
the time over which cancer chemotherapy is adminis-
tered may deserve consideration, especially in patients 
with overt TLS. However, in our experience, the full 
chemotherapy dose can be given to most patients. Dose 
reduction should be avoided whenever possible in order 
to minimize the risk of failed induction treatment.

51.3.2  AKI and Myeloma

51.3.2.1  Epidemiology

Up to 50% of patients with newly diagnosed multiple 
myeloma have renal failure and up to 10% require 
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dialysis [67]. The two major causes of AKI in patients 
with myeloma are urinary light chain excretion and 
hypercalcemia. However, several factors may contrib-
ute to AKI in these patients, including dehydration, 
infection, nonsteroidal anti-inflammatory agents, 
nephrotoxic agents, and contrast media [68,69]. Renal 
failure is reversible in half of these patients (most of 
them having cast nephropathy), usually within the first 
3 months [70–72].

Cast nephropathy is the most common cause of 
renal failure in myeloma patients. The clinical presen-
tation usually combines AKI and Bence-Jones protei-
nuria. When renal biopsy is performed, numerous casts 
are present in the renal tubules. Casts are formed when 
light chains bind to a specific peptide domain on the 
Tamm-Horsfall protein [67]. Hypovolemia, sepsis, uri-
nary pH < 7.00, or hypercalciuria can promote cast 
formation.

51.3.2.2  Prevention and Treatment

Recent guidelines have evaluated preventive and cura-
tive measures in patients with multiple myeloma [73]. 
Grade of recommendation as well as more recent data 
from the literature will be mentioned whenever 
possible.

The prevention of renal failure rests on fluid infu-
sion (saline; grade D recommendation [73]), 

elimination of nephrotoxic compounds, and correction 
of hypercalcemia or hyperuricemia (grade D recom-
mendation [73]).

In patients with AKI, fluid infusion (saline) should 
be proposed (grade B recommendation [73]) with the 
aim of maintaining diuresis >3 L/day. Despite its 
potential interest for limiting cast formation, authors 
of the recent published guidelines considered that the 
evidence was not sufficient to support the use of urine 
alkalinization in these patients [73].

Since it may transiently remove light chains, plasma 
exchange has been supposed to be beneficial and rec-
ommended (grade B recommendation [73]). However, 
a recent large randomized study published after the 
guidelines found no conclusive evidence that five to 
seven plasma exchanges substantially reduce the death 
rate or dialysis dependence at 6 month [74]. Although 
further research in this field may be required, we there-
fore believe that plasma exchange should not be rec-
ommended anymore as routine therapy, except in 
patients with a hyperviscosity syndrome.

Although renal failure has been considered to indi-
cate a poor prognosis, several studies have demon-
strated that long-term survival can be achieved. 
Therefore, prompt evaluation of these patients for 
autologous stem cell transplantation should be per-
formed, and dependency on dialysis is no longer con-
sidered a contraindication to autologous bone marrow 
transplantation [75,76] (Fig. 51.1).
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Fig. 51.1 Cumulative 
survival in patients with an 
acute renal injury at ICU 
admission (ARI; n = 35) and 
patients without ARI (no 
ARI; n = 28). Log rank test: 
P = 0.0001 (From Darmon 
et al. [99])
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51.3.3  Methotrexate Intoxication

51.3.3.1  Toxicity of Methotrexate

Methotrexate is widely used to treat cancer. High-dose 
methotrexate (>1 g/m²) is part of the treatment of acute 
lymphoid leukemia, high-grade lymphoma, and sar-
coma. These high doses are associated with a 2–4% 
prevalence of AKI due to precipitation of methotrexate 
or its metabolite 7-OH-methotrexate within the renal 
tubules [77]. When AKI occurs, the resulting decrease 
in methotrexate clearance leads to extrarenal toxicity 
(neutropenia, hepatitis, orointestinal mucositis, and/or 
neurological impairment). Thus, methotrexate toxicity 
may manifest as multiple organ failure [24].

51.3.3.2  Prevention Measures

Prevention of nephrotoxicity, together with methotrex-
ate level monitoring, is crucial to prevent extrarenal 
methotrexate toxicity:

1.   During methotrexate infusion and elimination, fluids 
should be given to maintain a high urinary output.

2.   Urinary alkalization to keep the urinary pH above 
7.5 should be given.

3.   Rescue with folinic acid (25 mg × 4/day) should be 
started 24 h after each high-dose methotrexate 
infusion.

4.   Serum methotrexate concentrations should be mea-
sured every day. Patients are considered at high 
risk for methotrexate toxicity when serum levels 
are greater than 15 mM/L at 24 h, 1.5 mM/L at 48 h, 
or 0.5 mM/L at 72 h.

5.   Unless absolutely necessary, patients should not be 
given medications that inhibit folate metabolism  
(e.g., trimethoprim-sulfamethoxazole), exhibit intrin-
sic renal toxicity (e.g., nonsteroidal anti-inflammatory  
agents and contrast agents) or decrease the fraction  
of methotrexate bound to albumin (e.g., aspirin). 
When all these measures were taken, the incidence 
of AKI was 1.8% in patients with sarcoma [78].

51.3.3.3  Treatment of Methotrexate 
Intoxication

In patients with AKI, methotrexate removal by RRT 
(peritoneal dialysis, hemodialysis, hemofiltration, or 

hemoperfusion) has been used, with disappointing 
results. Although hemodialysis may achieve a 52% 
reduction in plasma methotrexate concentrations, 
 post-dialysis rebound has been described [78]. 
Carboxypeptidase-G2 (CPDG2) is a bacterial enzyme 
that converts methotrexate into an inactive metabolite 
(2,4-diamino-N10-methylpteroic acid), thus provid-
ing an alternative route of elimination. Its use low-
ered plasma methotrexate concentrations to nontoxic 
levels (by 98% in 15 min), although rebounds (with 
an increase no greater than 10% in plasma methotrex-
ate concentrations) occurred in 60% of patients [79]. 
CPDG2 and high-dose leucovorin have been tested in 
patients with methotrexate intoxication and AKI, 
with similar results [79,80]. Therefore, RRT cannot 
be recommended in patients with methotrexate intox-
ication. High dose  leucovirine (100 mg × 4 to 8) 
should be started on an emergency basis [80]. 
Although highly effective biologically, clinical inter-
est of CPDG2 remains to be evaluated.

51.3.4  Veno-occlusive Disease/Sinusoidal 
Obstruction Syndrome

Liver damage is a common complication of cytoreduc-
tive therapy and develops in 20–40% of alloBMT 
recipients [81]. The main site of liver damage in this 
setting is the hepatic sinusoid, and the resulting clini-
cal syndrome is called veno-occlusive disease/sinusoi-
dal obstruction syndrome (VOD/SOS). Numerous risk 
factors for VOD/SOS have been identified, including 
alloBMT, prior exposure to gemtuzumab ozogamicin 
and mTOR-inhibitor (Sirolimus) (Table 51.4) [82,83]. 
Injury to the endothelial cells and hepatocytes by can-
cer chemotherapy seems to be the primary event in the 
pathogenesis of VOD/SOS [84]. Although sinusoidal 
endothelial cells seem to be the pivotal site of the ini-
tial injury, the exact diagnostic and prognostic criteria 
are listed in Table 51.5. VOD/SOS after BMT is the 
main complication leading to AKI [85,86]. Up to 14% 
of patients will develop VOD/SOS after stem cell 
transplantation [87]. In addition, as many as half of 
these patients will experience AKI [85,86]. Most cases 
of VOD/SOS are clinically obvious, with jaundice, 
liver pain, edema, and ascites. These clinical manifes-
tations may be associated with AKI mimicking hepato-
renal syndrome, with normal kidney histology [88].



64551 Acute Kidney Injury in Cancer Patients

Table 51.5 Diagnostic and severity criteria for veno-occlusive 
disease/sinusoidal obstruction syndrome

Diagnostic criteria

• Hepatomegaly

• Sudden weight gain (+2% of body weight)

• Jaundice (total bilirubin >34 mmol/L)

• Right upper quadrant pain

• No other cause:

– Budd-Chiari syndrome

– Sepsis

– Heart failure

– Graft versus host disease

Other symptoms

• Cytolysis

• Gall bladder wall thickening

• Portal hypertension

• Multiple organ failure

• Thrombocytopenia

Severe sinusoidal obstruction syndrome

• Multiple organ failure

• Thrombocytopenia

• Cytolysis with ASAT or ALAT >750 IU/L

• Confusion or disorientation

• Maximum total bilirubin or severity of weight gain

VOD/SOS can be classified as mild (clinically obvi-
ous, requires no treatment, and resolves completely), 
moderate (signs and symptoms require treatment but 
resolve completely), or severe (requires treatment but 
does not resolve before death or day 100). Severe 
VOD/SOS carries a bleak prognosis, with 98% mortal-
ity in a cohort study [81]. AKI, similar to any other 
organ failure, influences the prognosis of VOD/SOS. 
In patients with moderate VOD/SOS, diuretic therapy 
and/or analgesics are usually sufficient. In patients 
with severe VOD/SOS, the treatment rests on support-
ive care. No satisfactory specific treatments are avail-
able. Defibrotide (a polydeoxyribonucleotide with 
anti-ischemic, anti-thrombotic, and thrombolytic prop-
erties) produced promising results in an open-label 
study [89]. Results of a more recent dose-finding phase 
II study involving 150 patients with VOD/SOS have 

been recently released, suggesting that the complete 
remission rate was 46% and the day-100 survival of 
41% when defibrotide was used [90]. Efficacy of defi-
brotide remains however to be demonstrated, and a 
pivotal phase III study is ongoing [91]. Thrombolytic 
therapy has been tested with disappointing efficacy 
and a high rate of severe bleeding [92]. Its routine use 
should therefore not be recommended [92].

51.3.5  Thrombotic Microangiopathy

The association between TMA and cancer was  
first described in 1973 and is now well established.  
TMA may be associated with the cancer itself, with 
cancer chemotherapy, or with allogeneic BMT [93]. 

Patient characteristics

• Age

• Preexisting liver disease

• Hormonal treatment

Conditioning regimen and GVHD prevention

• Cyclophosphamide

• Total body irradiation

• Busulfan

• BCNU

• Carboplatin

• Thiotepa

• Melphalan

• Gemtuzumab ozogamicin

• Sirolimus

Transplant source

• HLA-identical non-related donor

• HLA mismatch donor

Infection or antibiotics

• Cytomegalovirus reactivation

• Amphotericin during conditioning

• Acyclovir during conditioning

• Vancomycin during conditioning

Table 51.4 Factors associated with veno-occlusive disease/
sinusoidal obstruction syndrome

GVHD graft-versus-host disease
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Thrombocytopenia with microangiopathic hemolytic 
anemia (peripheral non-autoimmune anemia with 
schizocytes) and no alternative diagnosis is considered 
sufficient to establish a presumptive diagnosis of TMA. 
In this setting, disseminated intravascular coagulopa-
thy must be ruled out. The incidence of TMA associ-
ated with cancer is difficult to estimate because of 
possible confusion with disseminated intravascular 
coagulopathy. It may be as high as 5% [94]. Most of the 
cases occur in patients with solid tumors, the most 
common type being adenocarcinoma (stomach, breast, 
and lung) [94]. However, TMA has been reported in 
patients with other solid tumors or hematological 
malignancies [93]. The pathophysiology of the TMA-
malignancy association remains controversial, although 
many studies suggest an insult to the vascular endothe-
lium. Nevertheless, studies have demonstrated that dis-
seminated cancer was associated with decreased 
ADAMTS13 activity, without anti-ADAMTS13 anti-
body [95].

The link between TMA and cancer chemotherapy 
was first described with mitomycin C. Subsequently, 
TMA was reported with many anticancer agents 
including gemcitabine, bleomycin, cisplatin, CCNU, 
cytosine arabinoside, daunorubicin, deoxycoformycin, 
5-FU, azathioprine, and interferon [93].

Last, the association between TMA and bone mar-
row transplantation has been known since 1980. 
Although the prognosis has been described as poor, the 
clinical presentation is heterogeneous, with some 
patients having renal failure as the only manifestation 
and others experiencing remissions [96]. Typically, 
TMA starts 2–12 months after BMT and is unrespon-
sive to plasma therapy [97]. Total body irradiation and 
graft-versus-host disease are the main factors associ-
ated with TMA in BMT recipients. Therefore, radia-
tion nephritis may be a contributor, although cases of 
TMA related to CMV infection have been reported 
[85,96].

The optimal treatment of this highly specific sub-
type of TMA is unknown. Plasma exchanges are 
known to be rarely effective in this setting [98]. The 
recent guidelines of the British Society of Haematology 
did not recommend plasmatherapy in cancer-related 
TMA or in TMA after bone marrow transplantation 
[98]. Effective treatment for this group of patients is, 
however, lacking. Protein-A column immunoadsorp-
tion has been proposed as a possible treatment, without 
strong evidence of its effectiveness (British Society of 

Haematology grade of recommendation: C) [98]. 
Causative factors should be looked for and antihyper-
tensive treatment given. Last, in the absence of a guide-
line, we believe that plasma exchange should be 
proposed in patients with severe cancer-treatment 
associated TMA.

51.4  Conclusion

AKI is a common and severe complication in CICPs. It 
results from various causes, including metabolic dis-
turbances secondary to the tumor burden, renal infiltra-
tion by malignant cells, sepsis, and drug-induced 
toxicity. Prognosis of AKI in this particular setting 
remains poor, especially when AKI occurs in associa-
tion with acute respiratory failure. In addition, lung-
kidney crosstalk may lead to further organ deterioration. 
In regard to the poor prognosis associated with AKI in 
this setting, prevention of AKI remains crucial in this 
population of patients.

Fluid expansion and uricolytic treatment in patients 
with a high risk of acute TLS, prevention of contrast 
nephropathy, elimination of nephrotoxic drugs in high-
risk patients, and monitoring of serum methotrexate 
concentrations are among the main measures that may 
reduce the risk of AKI, limit further AKI, or reduce 
residual long-term organ dysfunction.
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52.1  Introduction

Severe infections account for the majority of complica-
tions that warrant ICU admission in the course of 
hematological malignancies. Sepsis represents the 
physiological inflammatory response induced by infec-
tions, and can result in tissue hypoperfusion and organ 
failures that define the entities of severe sepsis and sep-
tic shock. Septic shock is characterized by acute circu-
latory failure requiring vasopressive drugs and carries 
the highest mortality rate. Regardless of underlying 
comorbidities and of the mode of acquisition (commu-
nity-acquired or nosocomial), the lung represents the 
primary site of infection responsible for septic shock. 
Whereas the overall prognosis of severe sepsis and 
septic shock has been moderately improved over the 
last 2 decades, it is noteworthy that the most impres-
sive improvements in outcome have been achieved in 
specific populations of vulnerable patients, including 
those with malignancies. Since studies in the field often 
mix patients with hematological malignancies and 
solid tumors, most of the issues discussed here will 
refer to cancer patients in general, irrespective of the 
type of malignancy, with emphasis on patients with 
hematological malignancies when available.

52.2  Epidemiology of Septic Shock 
in Patients with Malignancies

52.2.1  Incidence

Sepsis is a frequent disorder whose overall incidence is 
steadily increasing. A nationally representative study of 
750 millions acute care hospitalizations in the United 

Septic Shock

David Grimaldi and Frédéric Pène 

D. Grimaldi and F. Pène (*) 
Medical Intensive Care Unit, Cochin Hospital,  
AP-HP and University Paris Descartes 27 rue du  
Faubourg Saint-Jacques, 75014, Paris, France
e-mail: frederic.pene@cch.aphp.fr

52

Contents

52.1  Introduction ............................................................ 651

52.2  Epidemiology of Septic Shock in Patients  
with Malignancies .................................................. 651

52.2.1  Incidence .................................................................. 651
52.2.2  Site of Infection and Type of Pathogens .................. 652
52.2.3  Risk Factors of Septic Shock in Patients  

with Hematological Malignancies ........................... 653

52.3  Outcomes of Septic Shock in Patients  
with Malignancies .................................................. 654

52.4  Prognostic Factors of Septic Shock:  
The Critical Role of Organ Failures..................... 655

52.5  Intended Management of Septic Shock  
in Patients with Hematological Malignancies ..... 656

52.5.1  Antimicrobial Treatment and Source  
of Infection Control ................................................. 656

52.5.2  Hemodynamic Support ............................................ 657
52.5.3  Ventilatory Support .................................................. 657
52.5.4 Renal Replacement Therapy .................................... 657
52.5.5  Steroid Supplementation .......................................... 658
52.5.6  Blood Glucose Control ............................................ 658
52.5.7 Recombinant Activated Protein C ........................... 658
52.5.8  Blood Product Administration ................................. 659
52.5.9  Immune Defense Restoration .................................. 659

52.6  Conclusion .............................................................. 660

References ........................................................................... 660



652 D. Grimaldi and F. Pène

States reported a 8.7% annual increase in the sepsis 
incidence during the 1979–2000 period, from 0.8 per 
1,000 in 1979 to 2.4 per 1,000 in 2000 [1]. At the same 
time, the prevalence of severe presentations with organ 
failures (severe sepsis and septic shock) also increased. 
Accordingly, the rate of hospitalization for severe sep-
sis more than doubled between 1993 (0.6 per 1,000) 
and 2003 (1.3 per 1,000) [2]. Likewise, a large French 
study reported an increase from 7% to 9.7% in the prev-
alence of septic shock among ICU admissions within 
the period 1993–2000 [3]. This trend has been mainly 
ascribed to the population aging and to the growing fre-
quency of underlying comorbidities (immunosuppres-
sion, cancer, diabetes, chronic organ failures). Cancer is 
associated with a considerable increased risk of sepsis, 
especially in patients with hematological malignancies. 
Cancer patients have been estimated to have a 9.8-fold 
increased risk for sepsis (annual incidence rate 14.6 per 
1,000 vs 1.5 per 1,000 in the noncancer population) [4]. 
In 1999, national US projections estimated a similar 
incidence of severe sepsis of 16.4 cases per 1,000 can-
cer patients per year [5]. When compared to the non-
cancer population (annual incidence rate 4.2 per 1,000), 
the risk of severe sepsis moderately increased in patients 
with solid tumors (annual incidence rate 7.6 per 1,000 
patients, relative risk 1.81 [1.79–1.82]), but dramati-
cally increased in patients with hematological malig-
nancies (annual incidence rate 66.4 per 1,000 patients, 
relative risk 15.71 [15.55–15.88]), the higher risk being 
carried by acute myeloid leukemia (66.15 [63.95–
66.36]) and multiple myeloma (33.61 [32.87–34.38]). 
As a result, cancer patients now represent a consider-
able proportion of septic patients in unselected cohorts, 
17% of medical admissions associated with severe sep-
sis in the United States [6] and 15.4% of septic shock 
patients in a French ICU cohort [3].

52.2.2  Site of Infection and Type 
of Pathogens

52.2.2.1  Infections in Patients 
with Hematological Malignancies

Most of our knowledge about the type of pathogens 
causing severe infections and septic shock in cancer 
patients stems from epidemiological surveys of blood-
stream infections in neutropenic or non-neutropenic 
cancer patients. Before the mid-1980s, gram-negative 

organisms were the most commonly encountered patho-
gens. Since then, gram-positive bacteria became the 
predominant pathogens [7]. Several reasons accounted 
for this change: increasing use of long-term indwelling 
central venous catheters, gut decontamination with 
antibiotics and intensive chemotherapy resulting in 
severe mucosal damage such as high-dose cytarabine 
[8]. Nonetheless, a significant proportion of bacteremia 
is related to coagulase-negative staphylococci whose 
pathogenic role remains questionable in this setting. 
Severe infections due to Streptococcus pneumoniae 
predominantly affect patients with impaired humoral 
immunity or functional hyposplenism, such as those 
with multiple myeloma or hematopoietic stem cell 
transplantation (HSCT) recipients. However, blood-
stream infections do not recapitulate the complete pic-
ture of infections among neutropenic patients. Other 
common sites of infections include the respiratory tract, 
the urinary tract and the gastrointestinal tract where 
gram-negative organisms predominate. Furthermore, 
polymicrobial infections represent a significant propor-
tion of documented infections among patients with 
neutropenia and are associated with greater morbidity 
and mortality than monomicrobial infections [9]. In 
addition, invasive fungal infections such as candidiasis 
with or without candidemia frequently occur in cancer 
patients, and remain associated with higher mortality 
rates than bacterial infections [10, 11]. Of note, non-
albicans Candida species now account for more than 
half of fungal isolates as a result of the extensive use of 
fluconazole prophylaxis [12]. Invasive aspergillosis 
preferentially occurs during prolonged neutropenia, 
in corticosteroid-treated patients and in allogeneic 
hematopoietic stem cell transplant recipients [13].

Of increasing concern is the development of antibiotic 
resistance in many hospitals. Likewise, increasing rates of 
drug resistance among gram-positive and gram-negative 
pathogens are being documented in patients with hemato-
logical malignancies [14–18]. In the same way, the highly 
resistant gram-negative bacteria Stenotrophomonas 
maltophilia emerged as a cause of serious infection in 
cancer patients [19]. The development of drug resistance 
in these patients can be ascribed to the frequent and pro-
longed courses of broad-spectrum antibiotics. Therefore, 
cancer patients hospitalized in the ICU are at increased 
risk of acquisition of multidrug-resistant bacteria, includ-
ing extended spectrum b-lactamase enterobacteriaceae, 
methicillin-resistant Staphylococcus aureus, imipenem-
resistant Pseudomonas aeruginosa, Acinetobacter bau-
manii and Stenotrophomonas maltophilia [20].
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52.2.2.2  Particularities of Septic Shock 
in Cancer Patients

Among unselected patients, the epidemiology of 
severe sepsis and septic shock is characterized by a 
grossly balanced proportion of gram-negative and 
gram-positive bacteria and by the increasing number 
of cases caused by fungal organisms [1, 3, 21–23]. 
Interestingly, recent studies consistently reported that 
gram-negative bacteria still account for the vast major-
ity of documented episodes of septic shock in cancer 
patients [24–27]. Indeed, gram-negative organisms are 
more likely to cause severe organ infections, such as 
pneumonia or enterocolitis in the setting of neutrope-
nia or other immune defects, while gram-positive bac-
teremic episodes more likely result from mucosal 
damage. Some specific virulence factors or a higher 
bacterial load might also account for the susceptibility 
towards gram-negative infections in immunocompro-
mised patients. In addition, a large proportion of severe 
sepsis among patients with hematological malignan-
cies and bone marrow transplantation recipients are 
related to hospital- or ICU-acquired infections inher-
ent to the impaired immune system and to prolonged 
periods of hospitalization imposed by intensive treat-
ments [23].

52.2.3  Risk Factors of Septic Shock 
in Patients with Hematological 
Malignancies

52.2.3.1  Acquired Immune Disorders

Depending on the nature of malignancy, its status and 
its treatments, various mechanisms, such as impaired 
phagocytosis or defective cellular or humoral immune 
responses, account for the increased incidence and 
the poor outcome of sepsis in cancer patients [28]. 
Neutropenia is a frequent and unavoidable side effect 
of chemotherapy. Especially when profound and pro-
longed, neutropenia represents a major risk factor for 
severe bacterial and fungal infections. T and B cells 
are also directly impaired by corticosteroids, cyto-
toxic drugs such as methotrexate or nucleosides ana-
logs, and anti-lymphocyte monoclonal antibodies, 
with increased risk of opportunistic infections. In 
addition, indwelling catheters and chemotherapy- and 
radiotherapy-induced mucosal damage contribute to 

the increased risk of severe infections in these patients. 
Allogeneic HSCT recipients combine several immune 
defects that result in a complex and sustained immu-
nodeficiency. The engraftment period is characterized 
by prolonged and profound neutropenia and mucosal 
damage, very similar to that observed after high-dose 
chemotherapy for induction of acute leukemia. The 
use of peripheral stem cell and nonmyeloablative con-
ditioning regimens can significantly reduce the dura-
tion of neutropenia. After hematological recovery, 
immunosuppressive drugs, graft-versus-host disease, 
cytomegalovirus reactivation and radiation-induced 
functional asplenia result in delayed T and B immune 
reconstitution.

52.2.3.2  Genetic Predisposition

Besides environmental and acquired factors, several 
epidemiological studies have highlighted the individ-
ual variability in the susceptibility towards severe 
infections. Recently, numerous studies have high-
lighted the role of genetic variants that are likely to 
affect interactions between hosts and pathogens. These 
genetic variants, named polymorphisms when present 
in more than 1% of the population, involve genes 
implicated in the recognition of pathogens, in the 
inflammatory response or in the coagulation system. 
Recognition of invading pathogens is an essential phase 
of anti-infective host defense and triggers a potent 
inflammatory response that is required in order to clear 
the pathogen, but that can contribute to tissue damage 
and organ failures. Functional genetic variants of mem-
brane and soluble receptors for pathogen-associated 
molecular patterns have been involved in the severity 
of various infections. Thus, polymorphisms of Toll-
like receptors (TLR) involved in recognition of bacte-
ria (TLR1, TLR2, TLR4, TLR5) have been associated 
with increased susceptibility towards bacterial infec-
tions and severe sepsis [29–32]. In the same way, poly-
morphisms of the TLR4-associated co-receptor CD14 
and of the downstream kinase protein IRAK-1 have 
also been associated with increased severity of severe 
sepsis [33, 34]. A polymorphism responsible for 
decreased concentrations of mannose-binding lectin 
has been associated with susceptibility and poor out-
come towards septic shock [35]. While the inflamma-
tory response results from the controlled and 
coordinated production of   pro- and anti-inflammatory 
cytokines, some genetic  polymorphisms can disrupt 
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this balance, leading to increased severity of septic 
shock [36]. Some genetic variants that contribute to a 
sepsis-induced hypercoagulable state through increased 
generation of fibrin (Leiden factor) or inhibition of 
fibrinolysis (PAI-1) have also been associated with a 
worse outcome in this setting [37].

Some recent data suggest that inherited genetic 
variants are also associated with increased suscepti-
bility to severe infections in patients with hemato-
logical malignancies. Thus, mannose-binding lectin 
deficiency has been associated with an increased risk 
of severe bacterial infections and invasive aspergil-
losis in patients with hematological malignancies, 
including allogeneic HSCT recipients [38–41]. In the 
same way, Bochud and colleagues reported that com-
mon polymorphisms of TLR4 in donors were inde-
pendently associated with an increased risk of 
invasive aspergillosis in allogeneic HSCT recipients 
[42]. Although acquired comorbid conditions remain 
the major predisposing factors underlying the 
increased susceptibility to severe infections, these 
data suggest that inherited genetic variants might 
contribute to the pathophysiology and to the progno-
sis of septic shock in patients with hematological 
malignancies.

52.3  Outcomes of Septic Shock 
in Patients with Malignancies

With respect to advances in antimicrobial treatments 
and advanced life supports, large epidemiological stud-
ies reported a modest but noticeable decrease in the 
overall mortality rate of severe sepsis and septic shock 
over the last 2 decades. Thus, the mortality rate of severe 
sepsis decreased from 45% to 37.7% between 1993 and 
2003 [2]. A similar trend was observed in septic shock 
whose mortality rate decreased from 62.1% to 55.9% 
between 1993 and 2001 [3]. Recently, management of 
severe sepsis and septic shock has been improved by 
protocolized procedures including rapid and appropri-
ate initiation of antimicrobial treatments and therapeutic 
interventions, and the emergence of adjuvant therapies 
(mechanical ventilation with low tidal volumes, acti-
vated protein C, intensive insulin therapy, corticosteroid 
supplementation) that have been retained in interna-
tional recommendations [43]. Implementation of these 
guidelines has been associated with improved survival 
in unselected cohorts of patients in before-after studies.

Cancer patients with severe sepsis and septic shock 
represent a high-risk subgroup affected with a particu-
larly high mortality rate (Table 52.1). Although the 

Study Period Number of 
patients

Type of malignancy: 
hematological/solid tumor

Sepsis stage: septic 
shock/severe sepsis

Short-term 
mortality (%)

[86] 1994–1999 73 31/42 73/0 53.4a

[24] 1995–1997 34 79/9 34/0 79.4b

54/0 55.5b
1998–2000 54

[5] 1999 34,684 10,405/24,279 na 37.8c

[25] 1998–2001 90 47/43 90/0 78.9c

2002–2005 148 85/63 148/0 63.5c

[27] 2002 230 63/167 80/150 44.6a,e

[54] 2002–2004 80 nad 80/0 78c

[26] 2000–2006 186 186/0 109/77 52.2c

[88] 2001–2006 50 50/0 50/0 60a

[87] 1995–2007 4,177 4,177/0 na 66.6c

Table 52.1 Characteristics of cancer patients with severe sepsis and septic shock

aMortality in ICU
b28-day mortality
cHospital mortality
dThe overall study population included 132 patients with hematological malignancies and 56 patients with solid tumors. na = non-
available
ePersonal unpublished data from F. Taccone, reproduced with permission
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case fatality rate of severe sepsis remains considerably 
higher in cancer patients than in noncancer patients, it 
is noteworthy that relatively impressive improvements 
in outcome have been achieved in this vulnerable sub-
group. Thus, the crude mortality rate of cancer patients 
with sepsis dropped from 44.7% to 23.8% over the 
1979–2001 period [4]. Accordingly, favorable trends 
in outcome were reported among cancer patients with 
septic shock within recent periods. In a center particu-
larly experienced in the management of critically ill 
cancer patients, the overall 30-day mortality of cancer 
patients with septic shock decreased from 79.4% in 
1995–1997 to 55.5% in 1998–2000 [24]. In the same 
way, a recent study assessed the trend in outcomes of 
cancer patients with septic shock between two con-
secutive 4-year periods in 1998–2001 and 2002–2005. 
The 28-day and hospital mortality rates were 52.7% 
and 63.5%, respectively, during 2002–2005, as com-
pared to 72.2% and 78.9%, respectively, during 1998–
2001. Although the latter period was characterized 
with implementation of new therapeutic interventions 
for sepsis, factors that accounted for improvement in 
survival remained unclear and also potentially involved 
an early and judicious selection of patients more likely 
to benefit from intensive care [25].

52.4  Prognostic Factors of Septic 
Shock: The Critical Role of Organ 
Failures

Prognostic factors for critically ill cancer patients have 
been extensively assessed by multiple studies, but rela-
tively few specifically focused on patients with septic 
shock. However, these studies defined the general prin-
ciples that actually influence the decision-making pro-
cess of ICU admission and “do not resuscitate” orders 
in this subgroup of patients. While the prognostic influ-
ence of age is attenuated in critically ill cancer patients, 
the performance status prior to acute illness appears 
to be a more relevant prognostic factor [44]. Of 
note, characteristics of malignancy (grade, stage and 
response to treatment) have little or no impact on short-
term outcome and rather determine the long-term out-
come after ICU and hospital discharge [45]. In contrast, 
allogeneic HSCT represents a notable condition asso-
ciated with a desperately worse in-ICU outcome when 
invasive mechanical ventilation is required, especially 

when associated with extra-pulmonary organ failures 
such as shock or liver failure [46]. Accordingly, a reli-
able and thorough assessment of the underlying dis-
ease status remains central to the triage decision.

Despite its dreaded reputation, neutropenia by itself 
does not seem to confer an increased risk of death in 
cancer patients [47]. For instance, the outcome of 
patients that developed severe sepsis and septic shock 
following recent intravenous chemotherapy was rela-
tively good despite the high frequency of neutropenia, 
and was even better than that of patients without neutro-
penia [26]. Furthermore, bacterial infections that com-
monly arise during neutropenia have been associated 
with a more favorable outcome than nonbacterial com-
plications in critically ill patients with hematological 
malignancies, including those requiring vasoactive 
drugs and mechanical ventilation [48]. The relatively 
fast and efficient identification of bacterial infections 
combined with the widespread policy of early broad-
spectrum empirical antibiotic treatment for neutropenic 
fever probably accounted in part for these paradoxical 
observations. Indeed, inadequacy of antimicrobial treat-
ment has been clearly associated with worse outcomes 
in patients with septic shock. Kumar and coworkers 
thus identified the time to initiation of effective antimi-
crobial therapy as the strongest predictor of outcome in 
septic shock. Survival in severe sepsis decreased lin-
early if antimicrobial treatment was initiated more than 
1 h after the onset of hypotension (mean decrease of 
7.6% per hour of delay) [49]. In the same way, inade-
quacy of empirical antimicrobial treatment has been 
associated with increased mortality in ventilator-associ-
ated pneumonia or ICU-acquired bacteremia [50, 51]. 
Likewise, time to antibiotic administration >2 h was an 
independent poor prognostic factor in cancer patients 
with septic shock, thereby highlighting the critical role 
of rapidly effective antimicrobial treatment in immuno-
compromised patients [24].

Finally, the number and extent of organ failures are 
the main prognostic factors in critically ill cancer 
patients with or without septic shock [52]. However, 
requirements of invasive mechanical ventilation, vaso-
pressive drugs or renal replacement therapy (RRT) 
imperfectly predict outcomes at the time of ICU admis-
sion. Accordingly, single measurements of severity 
scores on ICU admission, such as the logistic organ 
dysfunction (LOD) or sequential organ failure assess-
ment (SOFA) scores that comprise variables related to 
organ failures, perform poorly for the prediction of 
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outcome. In contrast, a more reliable assessment of the 
prognosis through repetition of these scores is made 
possible after a few days of stay in the ICU [53]. In the 
same way, delayed initiation of life supports such as 
vasopressive drugs, invasive mechanical ventilation or 
RRT after 72 h of ICU admission is associated with 
almost constant mortality [54].

52.5  Intended Management of Septic 
Shock in Patients with 
Hematological Malignancies

Routine management of severe sepsis and septic shock 
was recently modified by the emergence of therapeutic 
strategies that demonstrated an improvement in survival 
in septic shock patients. Most of the measures described 
below originated from randomized control trials (RCT) 
and were retained in the Surviving Sepsis Campaign 
Guidelines [43]. However, the actual benefits of some 
of these strategies were challenged in subsequent stud-
ies and remain controversial. Nonetheless, implementa-
tion of these guidelines has been associated with 
improvement in survival of severe sepsis and septic 
shock in unselected cohorts of patients. Of note, none 
of these therapeutic measures have been specifically 
assessed in cancer patients who were either excluded or 
underrepresented in the aforementioned studies. The 
impact of these guidelines in cancer patients with septic 
shock was assessed in a single center study. As com-
pared to the 1998–2001 period, the mortality rate 
dropped between 2002 and 2005 when new therapeutic 
strategies were commonly applied, suggesting that can-
cer patients also benefited from improvement in care of 
septic shock [25]. Therefore, most of these treatments 
are applicable to patients with hematological malignan-
cies. We will discuss the current  management of patients 
with septic shock and the relevance or applicability for 
patients with hematologi cal malignancies.

52.5.1  Antimicrobial Treatment 
and Source of Infection Control

Outcome of severe sepsis and septic shock is highly 
dependent on time to efficient antimicrobial treatment, 
especially in immunocompromised patients with 

phagocytosis defects such as neutropenia, whose 
immune system is less likely to prevent the spread of 
infection. Depending on the focus of infection, removal 
of infected devices or surgical excision of infected 
 tissues might also be required. In patients with hema-
tological malignancies, many factors are likely to 
influence the choice of antimicrobial drugs: type and 
extent of immune defects, previously received and 
ongoing antibiotics at the onset of shock, known colo-
nization by resistant pathogens, focus of infection and 
risk factors for infection by specific pathogens.

A potent antibiotic combination including a broad-
spectrum antipseudomonal beta-lactam and an amino-
glycoside forms the basis of antimicrobial treatment. 
The synergistic effect of this combination on bacterial 
killing is supported by numerous experimental data, 
and several clinical studies reported that neutropenic 
patients with gram-negative bacterial infections were 
likely to benefit from a combination of beta-lactam and 
aminoglycoside [55, 56]. Since then, a number of stud-
ies comparing monotherapy with beta-lactams and 
combination therapy with beta-lactams plus aminogly-
cosides failed to show any differences in response rates 
of febrile neutropenic patients, including those with 
gram-negative infections. However, the fast bacteri-
cidal activity of aminoglycosides and their synergistic 
effect with beta-lactams justify an aminoglycoside-
containing regimen in most patients with severe infec-
tions, especially in immunocompromised patients for 
whom efficient containment of infection is critical. 
Risk factors for infections due to potentially resistant 
gram-positive bacteria (neutropenia, intravascular 
devices, extensive mucosal damage, systemic or diges-
tive prophylaxis with antibiotics, skin and soft tissue 
involvement) are almost constantly present in septic 
shock patients with hematological malignancies. 
Therefore, glycopeptides (or other antibiotics targeted 
against potentially resistant gram-positive cocci) should 
be included in the initial treatment regimen. Finally, 
given the high frequency and the poor prognosis of 
invasive fungal infections in this setting, it seems wise 
to include antifungal drugs in the first-line antimicro-
bial regimen, especially when risk factors for candidi-
asis or aspergillosis are present. Hence, the multiplicity 
of potential etiologies of septic shock in immunocom-
promised patients often imposes a broad-spectrum 
empirical antimicrobial regimen. However, the respec-
tive indications of antimicrobial agents should be sub-
sequently reassessed on the basis of the results of 
microbiological investigations.
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Clinical conditions, such as sepsis and neutropenia, 
may influence the pharmacokinetics of antibiotics 
through enhanced renal clearance and enhanced distri-
bution volume related to parenteral nutrition, hypopro-
tidemia and fluid overload, thereby resulting in 
insufficient dosing of antibiotics [57]. This risk is par-
ticularly relevant to concentration-dependent antibiot-
ics such as aminoglycosides or fluoroquinolones. Since 
the ratio of serum concentration peak/bacterial minimal 
inhibitory concentration determines the aminoglycoside 
efficacy, such antibiotics should be preferentially 
administered through a high-dose, single daily infusion 
in order to achieve an efficient concentration peak. 
Residual concentrations should be monitored for fur-
ther administrations in order to minimize renal and 
cochlear toxicities.

52.5.2  Hemodynamic Support

Besides antimicrobial treatment, management of the 
circulatory status is the cornerstone of septic shock 
treatment. The importance of early and aggressive res-
toration of hemodynamics was highlighted by a ran-
domized controlled study in which a protocolized 
resuscitation strategy aimed to achieve therapeutic 
goals (central venous pressure 8–12 mmHg, mean arte-
rial pressure >65 mmHg, urine output >0.5 mL/kg/h 
and central venous saturation >70%) within 6 h after 
recognition of tissue hypoperfusion was associated 
with improved survival in patients with severe sepsis 
[58]. Therefore, patients with severe sepsis or septic 
shock with malignancies should be referred as early as 
possible to the ICU where optimal management of 
hemodynamics is feasible. Since colloids have been 
associated with adverse side effects, cristalloids are 
preferentially used for fluid resuscitation. The choice 
of catecholamine regimen depends on the presence of 
preexisting or sepsis-induced myocardial dysfunction. 
Mokart and colleagues reported an incidence of car-
diac dysfunction (left ventricle ejection fraction <45%) 
of 75% in a cohort of cancer patients with septic shock. 
In this study, the level of NT-proBNP as a marker of 
myocardial dysfunction was independently associated 
with increased mortality, although it was not adjusted 
to renal function [59]. Associated cardiac dysfunction 
indicates a combination of vasopressor and inotropic 
drugs (either epinephrine or a combination of norepi-
nephrine and dobutamine) [60].

52.5.3  Ventilatory Support

Most patients with septic shock require endotracheal 
intubation and mechanical ventilation. Although 
non-invasive ventilation (NIV) has been shown to 
decrease the rate of intubation and finally the ICU 
mortality in immunocompromised patients with early 
acute respiratory failure, this study excluded patients 
with associated extrapulmonary failures [61]. The 
need for vasopressors is clearly a risk factor for fail-
ure of NIV, and avoiding invasive mechanical venti-
lation at any cost may lead to applying NIV beyond 
its indications and may contribute to unreasonably 
delaying endotracheal intubation, to preventing ade-
quate diagnostic procedures and thus to interfering 
with optimal management of septic shock [62]. 
Therefore, NIV should be cautiously used in the set-
ting of septic shock. Following intubation, protective 
ventilatory settings should then apply as this strategy 
has been associated with improved survival in 
patients with acute respiratory distress syndrome 
(low tidal volume of 6 mg/kg of predicted body 
weight with a plateau pressure <30 cmH

2
O) [63].

52.5.4  Renal Replacement Therapy

Acute renal failure remains a major prognostic factor of 
septic shock. Accordingly, a study reported that recent 
improvement in survival of cancer patients with septic 
shock was mostly restricted to those who did not require 
RRT [25]. Several studies compared continuous RRT 
and intermittent hemodialysis in nonseptic and septic 
patients and concluded the equivalence of the two pro-
cedures without any differences in survival or renal 
function recovery [64]. Regardless of the choice of the 
procedure, the prognosis rather seems to be dependent 
on the intensity of RRT (dialysis dose or volume of fil-
tration). Although continuous therapies may allow bet-
ter tolerance and thereby may facilitate the management 
of fluid balance in hemodynamically unstable patients, 
they require continuous efficient anticoagulation and 
induce platelet consumption. Since thrombocytopenia 
is frequently present in septic shock patients with 
malignancies, it seems logical to favor intermittent 
hemodialysis, or alternatively to use continuous meth-
ods with regional citrate anticoagulation in patients 
with high bleeding risk [65].
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52.5.5  Steroid Supplementation

Adrenal insufficiency as assessed by the short 
 corticotropin test occurs in more than half of patients 
with septic shock. In a multicenter RCT, a substitu-
tive treatment combining low-dose hydrocortisone 
(200 mg per day) and fludrocortisone was shown to 
improve survival in patients with septic shock when 
administered within the first 8 h of shock [66]. 
However, these results were not confirmed by the 
recently published CORTICUS study in which hydro-
cortisone at the same dose was administered within 
the first 48 h of shock in less severe cases [67]. In 
contrast, treatment with hydrocortisone was associ-
ated with an increase in the incidence of secondary 
infections. Altogether, these studies suggest that most 
patients with septic shock may not benefit from corti-
costeroid substitution, which is potentially associated 
with adverse side effects. Hence, the more recent 
guidelines restricted the use of hydrocortisone to 
patients with blood pressure poorly responsive to 
vasopressor therapy [43]. Nonetheless, it should be 
remembered that patients with hematological malig-
nancies are frequently treated with corticosteroids and 
may exhibit functional adrenal insufficiency at the 
time of life-threatening complications, thereby indi-
cating corticosteroid supplementation.

52.5.6  Blood Glucose Control

Hyperglycemia is almost constantly encountered in 
critically ill patients with septic shock and is related 
to stress hormone release and insulin resistance. Two 
randomized controlled studies concluded that tight 
glycemic control aimed to maintain glucose levels 
<1.1 g/L was associated with improved survival 
rates as compared to a permissive glycemic control 
(<2 g/L) in surgical ICU patients, and in medical 
ICU patients with a length of ICU stay >3 days [68, 
69]. Since then, several multicenter RCTs evaluated 
tight glycemic control by intensive insulin therapy 
in critically ill patients with or without sepsis, but 
failed to demonstrate any improvement in outcome 
[70–72]. In contrast, some of these studies reported 
unacceptable rates of hypoglycemia in the intensive 
insulin arm. Of note, control groups from these 

recent trials were assigned to lower glycemic targets, 
which may explain in part the absence of an additive 
effect of intensive insulin therapy. Interestingly, 
hyperglycemia has also been associated with an 
increased risk of posttransplant complications in 
allogeneic HSCT [73], and a retrospective study sug-
gested intensive glucose control might decrease the 
rate of infections during engraftment period [74]. 
Altogether, these data suggest that hyperglycemia 
should be controlled by intensive insulin therapy in 
septic shock patients with hematological malignan-
cies, the optimal glycemia target remaining to be 
established.

52.5.7  Recombinant Activated Protein C

Recombinant Activated Protein C (rhAPC) is an anti-
coagulant protein aimed at antagonizing the sepsis-
induced procoagulant state, but that also carries some 
anti-inflammatory and hemodynamic properties. In the 
PROWESS randomized controlled trial, a 96-h treat-
ment with rhAPC was associated with a 6.1% absolute 
decrease of the 28-day mortality rate and a relative risk 
reduction of 19.4% (CI 6.6–30.5%) [75]. A post-hoc 
subgroup analysis revealed that the benefit was 
restricted to the most severe patients with an APACHE 
II score >25 and at least two organ failures. This was 
confirmed by a second RCT that did not observe any 
difference in outcome between rhAPC- and placebo-
treated patients with severe sepsis and a low risk of 
death [76]. Since then, some observational studies also 
suggested an improvement in survival of severe sepsis 
patients treated with rhAPC [77]. However, there 
remain considerable controversies about the real effi-
cacy of the drug, and whether rhAPC may also improve 
survival of immunocompromised patients with septic 
shock has not been established. Furthermore, the 
increased risk of serious bleeding of rhAPC limits its 
widespread use in patients with  hematological malig-
nancies in whom underlying coagu lation disorders 
such as thrombocytopenia and other clotting disorders 
are frequently encountered. Therefore, it is difficult to 
provide any firm recommendation about the use of 
rhAPC in this setting, but whenever indicated, we 
strongly recommend  maintaining a safe platelet count 
in rhAPC-treated patients.
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52.5.8  Blood Product Administration

Medullar insufficiency caused by the malignancy itself 
or imposed by cytostatic treatments is frequently 
encountered in critically ill patients with hematological 
malignancies. With respect to the shortage and the cost 
of blood products on one hand, and to the number of 
potential adverse effects on the other hand, red blood 
cell and platelet transfusions became major issues in 
this setting. In order to decrease transfusion-related 
reactions, subsequent alloimmunization and transmis-
sion of intracellular viruses, leukodepletion of blood 
products became a standard practice in Europe and in 
North American countries, especially for high-risk 
recipients that are likely to receive multiple transfu-
sions, such as hematological patients. In addition, 
 irradiation of blood products aimed at preventing trans-
fusion-related graft-versus-host disease may be required 
in some severely immunocompromised patients, such 
as hematopoietic stem cell transplant recipients or those 
treated with anti-lymphocyte drugs such as monoclonal 
antibodies (Campath anti-CD52) or nucleoside analogs 
(2CDA, pentostatine, fludarabine).

Red blood cell transfusions have potential side 
effects ranging from fluid overload, TRALI, severe 
mismatch-related reactions or immunization that may 
affect the efficiency of further transfusions. In addi-
tion, red blood cell transfusions may carry adverse 
immunomodulatory properties that seem to favor the 
development of ICU-acquired infections. A restrictive 
strategy aiming to maintain hemoglobin levels between 
7 and 9 g/dL in critically ill patients allowed a signifi-
cant sparing of red blood cell units, and was possibly 
associated with improved survival as compared to a 
standard strategy to maintain hemoglobin levels 
between 10 and 12 g/dL [78]. However, achievement 
of ScVO

2
 objectives during the early resuscitation 

period may require temporarily increasing the transfu-
sion threshold towards a hematocrit level of 30% [58].

There is actually no reliable evaluation of platelet 
transfusion thresholds in critically ill patients. Hence, 
triggers for platelet transfusions largely derive from 
randomized trials where patients with acute leukemia 
were prophylactically transfused at thresholds of either 
10,000 or 20,000 platelets/mm3. There was no differ-
ence in terms of incidence of severe and fatal hemor-
rhage, but the lower threshold was associated with a 
significant decrease in platelet transfusion. Some data 

suggest that the risk of bleeding in critically ill patients 
not only depends on platelet count, but also on the 
presence of associated conditions such as high urea 
serum levels, making it difficult to recommend any 
definitive transfusion threshold [79, 80].

52.5.9  Immune Defense Restoration

Besides standard treatment of septic shock combining 
antimicrobial treatment and extensive life support, res-
toration of immune defense in an attractive alternative 
strategy aimed at improving the clearance of the patho-
gen. The hematopoietic growth factor G-CSF is a regu-
latory cytokine capable of stimulating the production 
of neutrophils from bone marrow progenitors, and thus 
may accelerate neutropenia recovery. In addition, 
G-CSF enhances and primes many neutrophil func-
tions, including antimicrobial activity. In neutropenic 
patients with fever, G-CSF is able to shorten the time to 
neutrophil recovery, and might possibly slightly reduce 
infection-related mortality [81]. A few studies evalu-
ated the role of G-CSF in neutropenic patients with 
severe infections in the ICU and reported deceiving 
results without any improvement in survival or any 
reduction in time to neutrophil recovery [47]. In the 
same way, enhancement of neutrophil functions by 
administration of G-CSF did not improve the outcome 
of septic shock in non-neutropenic patients [82]. On 
the other hand, G-CSF has been associated with dete-
rioration of respiratory status through lung infiltration 
by activated neutrophils at the time of neutropenia 
recovery [83–85]. Apart from G-CSF, transfusion of 
leukocytes collected by leukapheresis from G-CSF-
stimulated healthy donors has been proposed as a sup-
portive treatment in case of uncontrolled infections in 
neutropenic patients, especially when impaired patho-
gen clearance accounts for the severity of infection 
(necrotic extensive cellulitis, invasive fungal infec-
tions, etc.). However, the procedure is frequently 
 associated with potential side effects, such as transfu-
sion-associated lung injury and anti-HLA immuniza-
tion. To date, uncertainties about the real efficacy and 
the potential adverse side effects of both G-CSF and 
leukocyte transfusion argue against the routine applica-
tion of these immunomodulatory treatments in septic 
shock.



660 D. Grimaldi and F. Pène

52.6  Conclusion

Regardless of underlying immune status, we now have 
numerous reliable data that highlight the critical impact 
of the “golden hours” of severe sepsis and septic shock, 
thereby supporting early and aggressive management 
of organ failures. Although no study reliably assessed 
the influence of early ICU admission on outcome in 
septic shock patients with hematological malignan-
cies, we assume that the prognosis is in part dependent 
on early recognition of organ failures. Early identifica-
tion of patients who are likely to benefit from intensive 
care in this setting requires close collaboration between 
hematologists and intensive care physicians. Besides 
patients with favorable hematological prognosis, such 
a policy of early ICU admission might also be relevant 
to patients with progressive malignancy for whom 
unlimited life support would not be justified, but for 
whom early management of severe sepsis might pre-
vent the dreaded evolution towards septic shock and 
multiple organ failures.

References

 1. Martin GS, Mannino DM, Eaton S, Moss M (2003) The epi-
demiology of sepsis in the United States from 1979 through 
2000. N Engl J Med 348(16):1546–1554

 2. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL (2007) 
Rapid increase in hospitalization and mortality rates for 
severe sepsis in the United States: a trend analysis from 1993 
to 2003. Crit Care Med 35(5):1244–1250

 3. Annane D, Aegerter P, Jars-Guincestre MC, Guidet B (2003) 
Current epidemiology of septic shock: the CUB-Rea 
Network. Am J Respir Crit Care Med 168(2):165–172

 4. Danai PA, Moss M, Mannino DM, Martin GS (2006) The 
epidemiology of sepsis in patients with malignancy. Chest 
129(6):1432–1440

 5. Williams MD, Braun LA, Cooper LM, Johnston J, Weiss 
RV, Qualy RL, Linde-Zwirble W (2004) Hospitalized cancer 
patients with severe sepsis: analysis of incidence, mortality, 
and associated costs of care. Crit Care 8(5):R291–R298

 6. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, 
Carcillo J, Pinsky MR (2001) Epidemiology of severe sepsis 
in the United States: analysis of incidence, outcome, and 
associated costs of care. Crit Care Med 29(7):1303–1310

 7. Elting LS, Rubenstein EB, Rolston KV, Bodey GP (1997) 
Outcomes of bacteremia in patients with cancer and neutro-
penia: observations from two decades of epidemiological 
and clinical trials. Clin Infect Dis 25(2): 247–259

 8. Cordonnier C, Buzyn A, Leverger G, Herbrecht R, Hunault 
M, Leclercq R, Bastuji-Garin S (2003) Epidemiology 
and risk factors for gram-positive coccal infections in 

 neutropenia: toward a more targeted antibiotic strategy. Clin 
Infect Dis 36(2):149–158

 9. Yadegarynia D, Tarrand J, Raad I, Rolston K (2003) Current 
spectrum of bacterial infections in patients with cancer. Clin 
Infect Dis 37(8):1144–1145

10. Wisplinghoff H, Seifert H, Wenzel RP, Edmond MB (2003) 
Current trends in the epidemiology of nosocomial blood-
stream infections in patients with hematological malignan-
cies and solid neoplasms in hospitals in the United States. 
Clin Infect Dis 36(9):1103–1110

11. Tortorano AM, Peman J, Bernhardt H, Klingspor L, Kibbler 
CC, Faure O, Biraghi E, Canton E, Zimmermann K, Seaton 
S, Grillot R (2004) Epidemiology of candidaemia in Europe: 
results of 28-month European Confederation of Medical 
Mycology (ECMM) hospital-based surveillance study. Eur J 
Clin Microbiol Infect Dis 23(4):317–322

12. Hachem R, Hanna H, Kontoyiannis D, Jiang Y, Raad I 
(2008) The changing epidemiology of invasive candidiasis: 
Candida glabrata and Candida krusei as the leading causes 
of candidemia in hematologic malignancy. Cancer 112(11): 
2493–2499

13. Neofytos D, Horn D, Anaissie E, Steinbach W, Olyaei A, 
Fishman J, Pfaller M, Chang C, Webster K, Marr K (2009) 
Epidemiology and outcome of invasive fungal infection in 
adult hematopoietic stem cell transplant recipients: analysis 
of Multicenter Prospective Antifungal Therapy (PATH) 
Alliance registry. Clin Infect Dis 48(3):265–273

14. Cattaneo C, Quaresmini G, Casari S, Capucci MA, Micheletti 
M, Borlenghi E, Signorini L, Re A, Carosi G, Rossi G (2008) 
Recent changes in bacterial epidemiology and the emer-
gence of fluoroquinolone-resistant Escherichia coli among 
patients with haematological malignancies: results of a pro-
spective study on 823 patients at a single institution. 
J Antimicrob Chemother 61(3):721–728

15. Chen CY, Tsay W, Tang JL, Tien HF, Chen YC, Chang SC, 
Hsueh PR (2010) Epidemiology of bloodstream infections 
in patients with haematological malignancies with and 
without neutropenia. Epidemiol Infect 138(7)): 
1044–1051

16. Morris PG, Hassan T, McNamara M, Hassan A, Wiig R, 
Grogan L, Breathnach OS, Smyth E, Humphreys H (2008) 
Emergence of MRSA in positive blood cultures from patients 
with febrile neutropenia – a cause for concern. Support Care 
Cancer 16(9):1085–1088

17. Trecarichi EM, Tumbarello M, Spanu T, Caira M, Fianchi L, 
Chiusolo P, Fadda G, Leone G, Cauda R, Pagano L (2009) 
Incidence and clinical impact of extended-spectrum-beta-
lactamase (ESBL) production and fluoroquinolone resis-
tance in bloodstream infections caused by Escherichia coli 
in patients with hematological malignancies. J Infect 58(4): 
299–307

18. Tumbarello M, Spanu T, Caira M, Trecarichi EM, Laurenti 
L, Montuori E, Fianchi L, Leone F, Fadda G, Cauda R, 
Pagano L (2009) Factors associated with mortality in bacte-
remic patients with hematologic malignancies. Diagn 
Microbiol Infect Dis 64(3):320–326

19. Safdar A, Rolston KV (2007) Stenotrophomonas malto-
philia: changing spectrum of a serious bacterial pathogen in 
patients with cancer. Clin Infect Dis 45(12):1602–1609

20. Nseir S, Di Pompeo C, Diarra M, Brisson H, Tissier S, Boulo 
M, Durocher A (2007) Relationship between immunosuppres-



66152 Septic Shock

sion and intensive care unit-acquired multidrug-resistant bac-
teria: a case-control study. Crit Care Med 35(5):1318–1323

21. Brun-Buisson C, Meshaka P, Pinton P, Vallet B (2004) 
EPISEPSIS: a reappraisal of the epidemiology and outcome 
of severe sepsis in French intensive care units. Intensive 
Care Med 30(4):580–588

22. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, 
Gerlach H, Moreno R, Carlet J, Le Gall JR, Payen D (2006) 
Sepsis in European intensive care units: results of the SOAP 
study. Crit Care Med 34(2):344–353

23. Alberti C, Brun-Buisson C, Burchardi H, Martin C, Goodman 
S, Artigas A, Sicignano A, Palazzo M, Moreno R, Boulme 
R, Lepage E, Le Gall R (2002) Epidemiology of sepsis and 
infection in ICU patients from an international multicentre 
cohort study. Intensive Care Med 28(2):108–121

24. Larche J, Azoulay E, Fieux F, Mesnard L, Moreau D, Thiery 
G, Darmon M, Le Gall JR, Schlemmer B (2003) Improved 
survival of critically ill cancer patients with septic shock. 
Intensive Care Med 29(10):1688–1695

25. Pene F, Percheron S, Lemiale V, Viallon V, Claessens YE, 
Marque S, Charpentier J, Angus DC, Cariou A, Chiche JD, 
Mira JP (2008) Temporal changes in management and out-
come of septic shock in patients with malignancies in the 
intensive care unit. Crit Care Med 36(3):690–696

26. Vandijck DM, Benoit DD, Depuydt PO, Offner FC, Blot SI, 
Van Tilborgh AK, Nollet J, Steel E, Noens LA, Decruyenaere 
JM (2008) Impact of recent intravenous chemotherapy on 
outcome in severe sepsis and septic shock patients with hema-
tological malignancies. Intensive Care Med 34(5):847–855

27. Taccone FS, Artigas AA, Sprung CL, Moreno R, Sakr Y, 
Vincent JL (2009) Characteristics and outcomes of cancer 
patients in European ICUs. Crit Care 13(1):R15

28. Dhainaut JF, Claessens YE, Janes J, Nelson DR (2005) 
Underlying disorders and their impact on the host response 
to infection. Clin Infect Dis 41(Suppl 7):S481–S489

29. Lorenz E, Mira JP, Cornish KL, Arbour NC, Schwartz DA 
(2000) A novel polymorphism in the toll-like receptor 2 
gene and its potential association with staphylococcal infec-
tion. Infect Immun 68(11):6398–6401

30. Lorenz E, Mira JP, Frees KL, Schwartz DA (2002) Relevance 
of mutations in the TLR4 receptor in patients with gram-
negative septic shock. Arch Intern Med 162(9):1028–1032

31. Texereau J, Chiche JD, Taylor W, Choukroun G, Comba B, 
Mira JP (2005) The importance of Toll-like receptor 2 poly-
morphisms in severe infections. Clin Infect Dis 41(Suppl 7): 
S408–S415

32. Wurfel MM, Gordon AC, Holden TD, Radella F, Strout J, 
Kajikawa O, Ruzinski JT, Rona G, Black RA, Stratton S, 
Jarvik GP, Hajjar AM, Nickerson DA, Rieder M, Sevransky 
J, Maloney JP, Moss M, Martin G, Shanholtz C, Garcia JG, 
Gao L, Brower R, Barnes KC, Walley KR, Russell JA, 
Martin TR (2008) Toll-like receptor 1 polymorphisms affect 
innate immune responses and outcomes in sepsis. Am J 
Respir Crit Care Med 178(7):710–720

33. Gibot S, Cariou A, Drouet L, Rossignol M, Ripoll L (2002) 
Association between a genomic polymorphism within the 
CD14 locus and septic shock susceptibility and mortality 
rate. Crit Care Med 30(5):969–973

34. Arcaroli J, Silva E, Maloney JP, He Q, Svetkauskaite D, 
Murphy JR, Abraham E (2006) Variant IRAK-1 haplotype is 
associated with increased nuclear factor-kappaB activation 

and worse outcomes in sepsis. Am J Respir Crit Care Med 
173(12):1335–1341

35. Garred P, Strom J, Quist L, Taaning E, Madsen HO (2003) 
Association of mannose-binding lectin polymorphisms 
with sepsis and fatal outcome, in patients with systemic 
inflammatory response syndrome. J Infect Dis 188(9): 
1394–1403

36. Mira JP, Cariou A, Grall F, Delclaux C, Losser MR, Heshmati 
F, Cheval C, Monchi M, Teboul JL, Riche F, Leleu G, Arbibe 
L, Mignon A, Delpech M, Dhainaut JF (1999) Association 
of TNF2, a TNF-alpha promoter polymorphism, with septic 
shock susceptibility and mortality: a multicenter study. 
JAMA 282(6):561–568

37. Texereau J, Pene F, Chiche JD, Rousseau C, Mira JP (2004) 
Importance of hemostatic gene polymorphisms for suscepti-
bility to and outcome of severe sepsis. Crit Care Med 32(5 
Suppl):S313–S319

38. Vekemans M, Robinson J, Georgala A, Heymans C, Muanza 
F, Paesmans M, Klastersky J, Barette M, Meuleman N, Huet 
F, Calandra T, Costantini S, Ferrant A, Mathissen F, Axelsen 
M, Marchetti O, Aoun M (2007) Low mannose-binding lec-
tin concentration is associated with severe infection in 
patients with hematological cancer who are undergoing che-
motherapy. Clin Infect Dis 44(12):1593–1601

39. Mullighan CG, Heatley S, Doherty K, Szabo F, Grigg A, 
Hughes TP, Schwarer AP, Szer J, Tait BD, Bik To L, Bardy 
PG (2002) Mannose-binding lectin gene polymorphisms 
are associated with major infection following allogeneic 
hemopoietic stem cell transplantation. Blood 99(10): 
3524–3529

40. Mullighan CG, Heatley SL, Danner S, Dean MM, Doherty 
K, Hahn U, Bradstock KF, Minchinton R, Schwarer AP, Szer 
J, Bardy PG (2008) Mannose-binding lectin status is associ-
ated with risk of major infection following myeloablative 
sibling allogeneic hematopoietic stem cell transplantation. 
Blood 112(5):2120–2128

41. Lambourne J, Agranoff D, Herbrecht R, Troke PF, 
Buchbinder A, Willis F, Letscher-Bru V, Agrawal S, Doffman 
S, Johnson E, White PL, Barnes RA, Griffin G, Lindsay JA, 
Harrison TS (2009) Association of mannose-binding lectin 
deficiency with acute invasive aspergillosis in immunocom-
promised patients. Clin Infect Dis 49(10):1486–1491

42. Bochud PY, Chien JW, Marr KA, Leisenring WM, Upton A, 
Janer M, Rodrigues SD, Li S, Hansen JA, Zhao LP, Aderem 
A, Boeckh M (2008) Toll-like receptor 4 polymorphisms 
and aspergillosis in stem-cell transplantation. N Engl J Med 
359(17):1766–1777

43. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, 
Jaeschke R, Reinhart K, Angus DC, Brun-Buisson C, Beale 
R, Calandra T, Dhainaut JF, Gerlach H, Harvey M, Marini 
JJ, Marshall J, Ranieri M, Ramsay G, Sevransky J, Thompson 
BT, Townsend S, Vender JS, Zimmerman JL, Vincent JL 
(2008) Surviving sepsis campaign: international guidelines 
for management of severe sepsis and septic shock: 2008. 
Intensive Care Med 34(1):17–60

44. Soares M, Salluh JI, Spector N, Rocco JR (2005) 
Characteristics and outcomes of cancer patients requiring 
mechanical ventilatory support for >24 hrs. Crit Care Med 
33(3):520–526

45. Massion PB, Dive AM, Doyen C, Bulpa P, Jamart J, Bosly 
A, Installe E (2002) Prognosis of hematologic malignancies 



662 D. Grimaldi and F. Pène

does not predict intensive care unit mortality. Crit Care Med 
30(10):2260–2270

46. Pene F, Aubron C, Azoulay E, Blot F, Thiery G, Raynard B, 
Schlemmer B, Nitenberg G, Buzyn A, Arnaud P, Socie G, 
Mira JP (2006) Outcome of critically ill allogeneic 
hematopoietic stem-cell transplantation recipients: a reap-
praisal of indications for organ failure supports. J Clin Oncol 
24(4):643–649

47. Darmon M, Azoulay E, Alberti C, Fieux F, Moreau D, Le 
Gall JR, Schlemmer B (2002) Impact of neutropenia 
duration on short-term mortality in neutropenic critic- 
ally ill cancer patients. Intensive Care Med 28(12): 
1775–1780

48. Benoit DD, Vandewoude KH, Decruyenaere JM, Hoste EA, 
Colardyn FA (2003) Outcome and early prognostic indica-
tors in patients with a hematologic malignancy admitted to 
the intensive care unit for a life-threatening complication. 
Crit Care Med 31(1):104–112

49. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma 
S, Suppes R, Feinstein D, Zanotti S, Taiberg L, Gurka D, 
Cheang M (2006) Duration of hypotension before initiation 
of effective antimicrobial therapy is the critical determinant 
of survival in human septic shock. Crit Care Med 34(6): 
1589–1596

50. Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH 
(2000) The influence of inadequate antimicrobial treatment 
of bloodstream infections on patient outcomes in the ICU 
setting. Chest 118(1):146–155

51. Iregui M, Ward S, Sherman G, Fraser VJ, Kollef MH (2002) 
Clinical importance of delays in the initiation of appropriate 
antibiotic treatment for ventilator-associated pneumonia. 
Chest 122(1):262–268

52. Blot F, Guiguet M, Nitenberg G, Leclercq B, Gachot B, 
Escudier B (1997) Prognostic factors for neutropenic 
patients in an intensive care unit: respective roles of under-
lying malignancies and acute organ failures. Eur J Cancer 
33(7): 1031–1037

53. Lamia B, Hellot MF, Girault C, Tamion F, Dachraoui F, 
Lenain P, Bonmarchand G (2006) Changes in severity and 
organ failure scores as prognostic factors in onco-hemato-
logical malignancy patients admitted to the ICU. Intensive 
Care Med 32(10):1560–1568

54. Lecuyer L, Chevret S, Thiery G, Darmon M, Schlemmer B, 
Azoulay E (2007) The ICU trial: a new admission policy for 
cancer patients requiring mechanical ventilation. Crit Care 
Med 35(3):808–814

55. De Jongh CA, Joshi JH, Newman KA, Moody MR, Wharton 
R, Standiford HC, Schimpff SC (1986) Antibiotic synergism 
and response in gram-negative bacteremia in granulocy-
topenic cancer patients. Am J Med 80(5C):96–100

56. The EORTC International Antimicrobial Therapy Coope-
rative Group (1987) Ceftazidime combined with a short or 
long course of amikacin for empirical therapy of gram-neg-
ative bacteremia in cancer patients with granulocytopenia. 
N Engl J Med 317(27):1692–1698

57. Lortholary O, Lefort A, Tod M, Chomat AM, Darras-Joly C, 
Cordonnier C (2008) Pharmacodynamics and pharmacoki-
netics of antibacterial drugs in the management of febrile 
neutropenia. Lancet Infect Dis 8(10):612–620

58. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, 
Knoblich B, Peterson E, Tomlanovich M (2001) Early goal-

directed therapy in the treatment of severe sepsis and septic 
shock. N Engl J Med 345(19):1368–1377

59. Mokart D, Sannini A, Brun JP, Faucher M, Blaise D, Blache 
JL, Faucher C (2007) N-terminal pro-brain natriuretic pep-
tide as an early prognostic factor in cancer patients develop-
ing septic shock. Crit Care 11(2):R37

60. Annane D, Vignon P, Renault A, Bollaert PE, Charpentier C, 
Martin C, Troche G, Ricard JD, Nitenberg G, Papazian L, 
Azoulay E, Bellissant E (2007) Norepinephrine plus dobu-
tamine versus epinephrine alone for management of septic 
shock: a randomised trial. Lancet 370(9588):676–684

61. Hilbert G, Gruson D, Vargas F, Valentino R, Gbikpi-Benissan 
G, Dupon M, Reiffers J, Cardinaud JP (2001) Noninvasive 
ventilation in immunosuppressed patients with pulmonary 
infiltrates, fever, and acute respiratory failure. N Engl J Med 
344(7):481–487

62. Adda M, Coquet I, Darmon M, Thiery G, Schlemmer B, 
Azoulay E (2008) Predictors of noninvasive ventilation fail-
ure in patients with hematologic malignancy and acute respi-
ratory failure. Crit Care Med 36(10):2766–2772

63.  The Acute Respiratory Distress Syndrome Network. (2000) 
Ventilation with lower tidal volumes as compared with 
 traditional tidal volumes for acute lung injury and the acute 
respiratory distress syndrome. N Engl J Med 342(18): 
1301–1308

64. Vinsonneau C, Camus C, Combes A, Costa de Beauregard 
MA, Klouche K, Boulain T, Pallot JL, Chiche JD, Taupin P, 
Landais P, Dhainaut JF (2006) Continuous venovenous hae-
modiafiltration versus intermittent haemodialysis for acute 
renal failure in patients with multiple-organ dysfunction 
syndrome: a multicentre randomised trial. Lancet 368(9533): 
379–385

65. Monchi M, Berghmans D, Ledoux D, Canivet JL, Dubois B, 
Damas P (2004) Citrate vs. heparin for anticoagulation in 
continuous venovenous hemofiltration: a prospective ran-
domized study. Intensive Care Med 30(2):260–265

66. Annane D, Sebille V, Charpentier C, Bollaert PE, Francois B, 
Korach JM, Capellier G, Cohen Y, Azoulay E, Troche G, 
Chaumet-Riffaut P, Bellissant E (2002) Effect of treatment 
with low doses of hydrocortisone and fludrocortisone on mor-
tality in patients with septic shock. JAMA 288(7):862–871

67. Sprung CL, Annane D, Keh D, Moreno R, Singer M, 
Freivogel K, Weiss YG, Benbenishty J, Kalenka A, Forst H, 
Laterre PF, Reinhart K, Cuthbertson BH, Payen D, Briegel J 
(2008) Hydrocortisone therapy for patients with septic 
shock. N Engl J Med 358(2):111–124

68. van den Berghe G, Wouters P, Weekers F, Verwaest C, 
Bruyninckx F, Schetz M, Vlasselaers D, Ferdinande P, 
Lauwers P, Bouillon R (2001) Intensive insulin therapy in 
the critically ill patients. N Engl J Med 345(19):1359–1367

69. Van den Berghe G, Wilmer A, Hermans G, Meersseman W, 
Wouters PJ, Milants I, Van Wijngaerden E, Bobbaers H, 
Bouillon R (2006) Intensive insulin therapy in the medical 
ICU. N Engl J Med 354(5):449–461

70. Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, 
Ragaller M, Weiler N, Moerer O, Gruendling M, Oppert M, 
Grond S, Olthoff D, Jaschinski U, John S, Rossaint R, Welte 
T, Schaefer M, Kern P, Kuhnt E, Kiehntopf M, Hartog C, 
Natanson C, Loeffler M, Reinhart K (2008) Intensive insulin 
therapy and pentastarch resuscitation in severe sepsis. 
N Engl J Med 358(2):125–139



66352 Septic Shock

71. Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V, 
Bellomo R, Cook D, Dodek P, Henderson WR, Hebert PC, 
Heritier S, Heyland DK, McArthur C, McDonald E, Mitchell 
I, Myburgh JA, Norton R, Potter J, Robinson BG, Ronco JJ 
(2009) Intensive versus conventional glucose control in criti-
cally ill patients. N Engl J Med 360(13):1283–1297

72. Preiser JC, Devos P, Ruiz-Santana S, Melot C, Annane D, 
Groeneveld J, Iapichino G, Leverve X, Nitenberg G, Singer 
P, Wernerman J, Joannidis M, Stecher A, Chiolero R (2009) 
A prospective randomised multi-centre controlled trial on 
tight glucose control by intensive insulin therapy in adult 
intensive care units: the Glucontrol study. Intensive Care 
Med 35(10):1738–1748

73. Fuji S, Kim SW, Mori S, Fukuda T, Kamiya S, Yamasaki S, 
Morita-Hoshi Y, Ohara-Waki F, Honda O, Kuwahara S, 
Tanosaki R, Heike Y, Tobinai K, Takaue Y (2007) 
Hyperglycemia during the neutropenic period is associated 
with a poor outcome in patients undergoing myeloab - 
lative allogeneic hematopoietic stem cell transplantation. 
Transplan tation 84(7):814–820

74. Fuji S, Kim SW, Mori S, Kamiya S, Yoshimura K, Yokoyama 
H, Kurosawa S, Saito B, Takahashi T, Kuwahara S, Heike Y, 
Tanosaki R, Takaue Y, Fukuda T (2009) Intensive glucose 
control after allogeneic hematopoietic stem cell transplanta-
tion: a retrospective matched-cohort study. Bone Marrow 
Transplant 44(2):105–111

75. Bernard GR, Vincent JL, Laterre PF, LaRosa SP, Dhainaut 
JF, Lopez-Rodriguez A, Steingrub JS, Garber GE, 
Helterbrand JD, Ely EW, Fisher CJ Jr (2001) Efficacy and 
safety of recombinant human activated protein C for severe 
sepsis. N Engl J Med 344(10):699–709

76. Abraham E, Laterre PF, Garg R, Levy H, Talwar D, 
Trzaskoma BL, Francois B, Guy JS, Bruckmann M, Rea-
Neto A, Rossaint R, Perrotin D, Sablotzki A, Arkins N, 
Utterback BG, Macias WL (2005) Drotrecogin alfa (acti-
vated) for adults with severe sepsis and a low risk of death. 
N Engl J Med 353(13):1332–1341

77. Ferrer R, Artigas A, Suarez D, Palencia E, Levy MM, 
Arenzana A, Perez XL, Sirvent JM (2009) Effectiveness of 
treatments for severe sepsis: a prospective, multicenter, 
observational study. Am J Respir Crit Care Med 180(9): 
861–866

78. Hebert PC, Wells G, Blajchman MA, Marshall J, Martin 
C, Pagliarello G, Tweeddale M, Schweitzer I, Yetisir E, 
Transfusion Requirements in Critical Care Investigators, 
Canadian Critical Care Trials Group (1999) A multicenter, 
randomized, controlled clinical trial of transfusion 

requirements in critical care. N Engl J Med 340(6): 
409–417

79. Vanderschueren S, De Weerdt A, Malbrain M, Vank-
ersschaever D, Frans E, Wilmer A, Bobbaers H (2000) 
Thrombocytopenia and prognosis in intensive care. Crit 
Care Med 28(6):1871–1876

80. Strauss R, Wehler M, Mehler K, Kreutzer D, Koebnick C, 
Hahn EG (2002) Thrombocytopenia in patients in the medical 
intensive care unit: bleeding prevalence, transfusion require-
ments, and outcome. Crit Care Med 30(8):1765–1771

81. Clark OA, Lyman GH, Castro AA, Clark LG, Djulbegovic B 
(2005) Colony-stimulating factors for chemotherapy-
induced febrile neutropenia: a meta-analysis of randomized 
controlled trials. J Clin Oncol 23(18):4198–4214

82. Stephens DP, Thomas JH, Higgins A, Bailey M, Anstey NM, 
Currie BJ, Cheng AC (2008) Randomized, double-blind, 
placebo-controlled trial of granulocyte colony-stimulating 
factor in patients with septic shock. Crit Care Med 
36(2):448–454

83. Gruson D, Hilbert G, Vargas F, Valentino R, Chene G, 
Boiron JM, Reiffers J, Gbikpi-Benissan G, Cardinaud JP 
(2000) Impact of colony-stimulating factor therapy on clini-
cal outcome and frequency rate of nosocomial infections in 
intensive care unit neutropenic patients. Crit Care Med 
28(9):3155–3160

84. Bouchama A, Khan B, Djazmati W, Shukri K (1999) 
Hematopoietic colony-stimulating factors for neutropenic 
patients in the ICU. Intensive Care Med 25(9): 1003–1005

85. Karlin L, Darmon M, Thiery G, Ciroldi M, de Miranda S, 
Lefebvre A, Schlemmer B, Azoulay E (2005) Respiratory 
status deterioration during G-CSF-induced neutropenia 
recovery. Bone Marrow Transplant 36(3):245–250

86. Regazzoni CJ, Irrazabal C, Luna CM, Poderoso JJ (2004) 
Cancer patients with septic shock: mortality predictors and 
neutropenia. Support Care Cancer 12(12):833–839

87. Hampshire PA, Welch CA, McCrossan LA, Francis K, 
Harrison DA (2009) Admission factors associated with hos-
pital mortality in patients with haematological malignancy 
admitted to UK adult, general critical care units: a secondary 
analysis of the ICNARC Case Mix Programme Database. 
Crit Care 13(4):R137

88. Park HY, Suh GY, Jeon K, Koh WJ, Chung MP, Kim H, 
Kwon OJ, Kim K, Jang JH, Jung CW, Kang E, and Kim MJ 
(2008) Outcome and prognostic factors of patients with 
acute leukemia admitted to the intensive care unit for septic 
shock. Leuk Lymphoma 49(10):1929–34



 



665É. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies,  
DOI: 10.1007/978-3-642-15742-4_53, © Springer-Verlag Berlin Heidelberg 2011

53.1  Introduction

As more people in industrialized societies are living 
longer, more people are also being diagnosed with 
cancer. It has been estimated that one in eight deaths 
worldwide is due to cancer, with malignancy as cause 
of death second to heart disease in developed coun-
tries, and tertiary to heart disease and diarrheal ill-
nesses in developing countries. [2]. Many patients 
with hematologic and solid tumors are considered to 
have curable illness, or may live with their disease as 
a chronic process for a number of years while receiv-
ing chemotherapy, radiation, or surgical management. 
During their treatment courses, it can be expected that 
some patients will become critically ill and that there 
will be consideration for intensive care unit (ICU) 
management.

Historical outcomes for the critically ill cancer 
patient admitted to the ICU were dismal in the 1980s, 
leading to recommendations for discouragement of 
ICU admission [4, 13, 14, 41].

Cohorts of ICU patients with cancer fared poorly 
compared to other patients in comparative outcome 
studies [10, 15, 53]. In general, patients with incur-
able, progressive, or relapsed solid tumors or hemato-
logic malignancies who require mechanical ventilation 
have a dismal prognosis, with hospital mortality rates 
approaching 70–90% [21]. Those admitted to the ICU 
for postoperative care have a lower mortality rate rel-
ative to those individuals admitted for a medical 
emergency. Subgroups of patients admitted for medi-
cal emergencies tend to fare better: metabolic prob-
lems (i.e., hypercalcemia, tumor lysis syndrome), 
cardiac arrhythmias, or those being monitored during 
drug administration have a mortality rate similar to 
that of nonventilated patients without cancer. With the 
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development of respiratory failure, however, progno-
sis declines. As in all critically ill patients, multiorgan 
system failure heralds increased mortality, with the 
overall death rate increasing with the number of organ 
systems affected [21, 30, 34, 43]. Table 53.1 presents 
identified poor prognostic indicators and hospital 
mortality in critically ill patients with malignancy as 
reported in selected reports between 1999 and 2009.

53.2  Reasons for ICU Admission

Acute respiratory failure (ARF) is the leading reason 
cancer patients are admitted to the ICU [5, 26]. Recent 
studies have described improved outcomes for criti-
cally ill patients with both hematologic and solid 
tumor malignancies [6–8, 26, 31, 46, 50]. Moreover, 
the characteristics of the underlying malignancy are 
not associated with ICU survival [6, 12, 32]. Critically 
ill cancer patients have shown comparable mortality 
rates compared to non-cancer-bearing, severity-of-ill-
ness-scored matched cohorts [48]. Additionally, a 

recent report found that 54% of solid tumor patients 
admitted to the ICU, of whom about half had meta-
static disease, survived to hospital discharge [33]. 
Also, a multicenter study that included data from all 
adult patients admitted with sepsis to 1 of 198 partici-
pating European ICUs found the outcome of all cancer 
patients comparable to that of the non-cancer popula-
tion, with a 27% mortality rate [49]. While this infor-
mation cannot help evaluate individual patients as 
candidates for ICU admission, it does suggest that 
aggressive critical care intervention be considered for 
the cancer patient population [18].

Adding to the complexity of decision-making 
regarding who would best be served in receiving ICU 
care is the broad range in cancer mortality rates, which 
is reflective of the fact that cancer is a heterogeneous 
group of diseases. What is clear is that the coexistence 
of HIV infection and cancer or the modality of alloge-
neic stem cell transplant has a marked negative sur-
vival impact on those patients requiring mechanical 
ventilation [9, 22, 24, 37, 39, 51]. Indeed, many studies 
regarding outcomes of critically ill cancer patients 
have excluded these two patient groups.

Author, year Study type N Patient 
characteristics

Identified poor 
prognostic feature

Hospital 
mortality

Taccone et al. 2009 [49] Cohort multicenter 
observational

473 85% ST, 15% heme >3 organ failures 75%

Adda et al. 2008 [1] Retrospective 
single center

99 Heme malignancy 
failing to NIV

Need for MV 79% (41% in 
patients not 
requiring MV)

Mendoza et al. 2008 [33] Retrospective 
single center

147 ST malignancy Metastatic disease, 
vasopressors needed

46%

Soares et al. 2008 [45] Cohort single 
center

163 ICU LOS ³21 days No. of organ failures, 
poor PS

50%

Ferrà et al. 2007 [17] Retrospective 
single center

100 Heme malignancy Hemodynamic 
instability, need for 
MV

58% ICU 
mortality

Lecuyer et al. 2007 [27] Prospective single 
center

188 30% ST, 70% heme Survival to day 5 60% surviving to 
day 5

Massion et al. 2002 [32] Prospective 
observational 
single center

84 Heme malignancy Respiratory failure, 
fungal infection

61%

Groeger et al. 1999 [21] Prospective 
observational 
multicenter

782 MV required Progressive cancer, 
alloSCT, leukopenia, 
arrhythmia, DIC

76%

Table 53.1 Identified poor prognostic indicators and hospital mortality in critically ill patients with malignancy as reported in 
selected reports between 1999 and 2009

ST solid tumor, MV mechanical ventilation, LOS length of stay, PS performance status, SCT stem cell transplant, DIC disseminated 
intravascular coagulation
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Patients requiring mechanical ventilation after 
autologous or allogeneic hematopoietic stem cell 
transplant have a baseline probability of death of 
82–96%. In the setting of combined hepatic and renal 
dysfunction, the probability of death rises to 98–100%. 
For patients who recover from respiratory failure, the 
proportion surviving 6 months or longer ranges from 
27% to 88%, which argues for aggressive manage-
ment of critically ill transplant recipients, as with-
holding ICU management might negatively impact 
the chance of survival for a sizable proportion of these 
patients [9].

As shown elsewhere, treatment of organ failure 
more that 30 days after allogeneic transplantation in 
patients on immunosuppressive agents was associated 
with a particularly poor outcome, in contrast to the sur-
vival of patients receiving mechanical ventilation dur-
ing the first 30 days post-transplant [36]. Short-term 
prognosis in recipients of autologous stem cell trans-
plants is similar to other critically ill patients with can-
cer, and is dependent on the number and type of organ 
failures [23, 35, 40, 52].

Primary pulmonary malignancies are the most com-
mon fatal cancers in adults, and these patients also 
have a lower ICU prognosis overall compared to 
patients with other solid tumor malignancies. Although 
the 5-year survival low is generally reported to be less 
than 20% [3], patients with lung cancer are often 
admitted to the medical ICU. The most common pre-
senting organ dysfunction was pulmonary, and patients 
requiring mechanical ventilation or with advanced 
stage have worsened ICU survival, with mortality rates 
of 74% and 68%, respectively [38]. In this patient 
group, airway infiltration or obstruction by cancer, 
number of organ failures, cancer recurrence or pro-
gression, and severity of comorbidities were associ-
ated with increased mortality [44].

53.3  Withholding Admission

The general tenet regarding ICU admission is that 
those who will not benefit from critical care, because 
too well or too sick, should not be offered ICU care. 
Ideally, patients who might benefit from ICU care 
should receive it [11]. In many hospitals, cancer 
patients are considered to have a particularly poor 
prognosis and are frequently not admitted to the 

ICU [42]. Indeed, an editorial commenting on mechan-
ically ventilated patients undergoing bone marrow 
transplant suggested that an appropriate response to 
request for ICU care might be to “just say no” [14].

Utilization of expensive resources means that ICU 
care should be offered to patients with reversible medi-
cal conditions who can reasonably be expected to 
recover [47]. Triaging patients as too well or too sick 
to benefit from critical care management may be diffi-
cult based solely on diagnosis.

Decision-making difficulty arises when it is unclear 
which patients are appropriate ICU candidates. This 
difficulty in accurately predicting consequences for 
critically ill cancer patients was demonstrated in a 
report on outcome of cancer patients considered for 
ICU admission. In that investigation, the 30-day sur-
vival of patients considered “too sick” for ICU admis-
sion was 26%, and more surprisingly, the survival of 
those patients considered to be “too well” was 78.7% 
at 30 days [50].

53.4  Predictors of Outcomes

Models such as the Acute Physiology and Chronic 
Health Evaluation II (APACHE), Mortality Probability 
Model II (MPMII), and Simplified Acute Physiology 
Score II (SAPS) have been shown to underestimate 
the mortality of cancer patients admitted to ICUs 
[25, 28, 29]. In addition, these measures are intended 
to study patient populations and therefore have lim-
ited value in the prediction of outcome in individual 
patients. Another cancer-specific model has been 
developed to predict hospital mortality in critically ill 
cancer patients on the basis of variables readily 
obtained on admission [19, 20]. Once more, although 
such a model may not accurately assess an individual 
patient’s risk for death, models such as this may be of 
use in discussions regarding goals of care for an indi-
vidual patient.

53.5  The ICU Trial

A strategy to improve the chances for survival in crit-
ically ill patients with cancer who had a reasonable 
performance status and who could receive potentially 
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life-extending cancer treatment assuming the survival 
of the acute illness prompting ICU consideration has 
been developed [27]. Admission was not offered for 
bedridden patients or those for whom no lifespan-
extending therapy is obtainable. The utility of full 
treatment was reappraised on day 5 of ICU care. 
There was no reported significant difference in can-
cer characteristics between surviving and deceased 
patients during the first 4 ICU days. However, no 
patient requiring the initiation of mechanical ventila-
tion, vasopressors, or dialysis after 3 days in the ICU 
survived. Overall survival in ventilated patients sur-
viving to day 5 was 40%, and overall survival was 
21.8%, leading to the recommendation that ICU care 
in appropriate critically ill cancer patients be offered, 
with reappraisal of management strategies on day 6. 
Of note, HIV-positive cancer patients and recipients 
of allogeneic hematopoietic transplant were not 
included in the study population. In a recent review, 
the authors reiterate the assertion that critically ill 
cancer patients for whom ICU care offers potential 
benefit should receive a trial of full ICU manage-
ment, with reassessment of goals of care after at least 
3 days [16].

53.6  Conclusion

As people are living longer, more individuals can be 
expected to develop cancer. With increasing therapeu-
tic options available, more of these patients can be 
expected to be living with their diseases as chronic 
processes. Over time, patients may develop complica-
tions of their treatment or their disease that necessi-
tates consideration of critical care management. 
Although historical data reveal that cancer patients 
had a poor outcome with ICU care in the past, more 
current observations conclude that these patients have 
outcomes that approach that of nonmalignant-associ-
ated critically ill patient populations. Allogeneic stem 
cell transplant recipients and patients with advanced 
or progressed lung cancer continue to have poor prog-
noses should more serious illness develop. While fur-
ther study regarding long-term survival after critical 
care admission and quality of life when ICU care 
yields positive outcomes is necessary, it may be pru-
dent to offer selected patients a trial of full-support 
management.
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54.1  Introduction

The number of patients living with cancer has been ris-
ing [1, 2]. The aging population, improved diagnostic 
tools, and decrease in cancer-related mortality have con-
tributed to this rise. The age-adjusted invasive cancer 
incidence rate in the USA is 533.8 per 100,000 popula-
tion [3]. Over 1.4 million people were projected to be 
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diagnosed with cancer in the US in 2009 [2]. In Europe, 
there were an estimated 3,191,600 cancer cases diag-
nosed and 1,703,000 deaths from cancer in 2006 [4]. In 
2005, over 100,000 cases of hematological malignan-
cies were diagnosed in the USA and approximately 
230,000 in Europe [3, 5]. Intensive chemotherapy regi-
mens [6] and the use of new and more targeted thera-
peutic drugs have resulted in high cancer cure rates. 
However, the treatment often leads to drug-related organ 
toxicities and increased susceptibility to infection. As a 
consequence, intensivists are incre asingly managing 
cancer patients admitted to the intensive care unit (ICU) 
for organ dysfunction [7]. Timely recognition and early 
ICU admission offer opportunities to prevent and man-
age cancer-related life-threatening complications, such 
as tumor lysis syndrome [8], leukostasis [9], and mac-
rophage activation syndrome [10]. Managing organ 
dysfunction in critically ill cancer patients requires close 
collaboration between the intensivist and oncologist.

The mortality rates of critically ill cancer patients 
are not higher compared to critically ill patients with 
other comorbidities [11]. Recent studies have shown a 
survival improvement in ICU patients with cancer 
[12–14]. Health-care providers and patients often dis-
cuss the worthiness of life-sustaining treatments in 
patients with cancer [15]. More recently, the lack of 
survival benefit in cancer patients admitted to the ICU 
with multiple organ failure [13, 16] has raised concerns 
about the timing of ICU admission [7].

In this review, we will appraise the most recent lit-
erature on ICU management of cancer patients. We 
will highlight the following issues: (1) the low survival 
rate of a subgroup of critically ill cancer patients, 
despite overall improvement; (2) the need for the 
development and implementation of broader ICU 
admission policies; (3) The need to document patients’ 
preferences for resuscitation and end-of-life issues at 
the time of ICU admission [17].

54.2  Prognosis of Cancer Patients 
Requiring ICU Support:  
The Ten Truths

54.2.1  Short-Term Survival After a 
Critical Care Illness Has Improved

Several studies of cancer patients have reported 
improvement in hospital survival over the last decade 

[7, 16, 18–21] (Fig. 54.1). Acceptable survival rates 
have been reported in patients requiring mechanical 
ventilation [18, 22–24], renal replacement therapy 
[25–27], and vasopressors [19, 20]. Most of these stud-
ies are retrospective and single-centered. Only two 
prospective multiple center studies have been pub-
lished [24, 28]. Other limitations of these studies 
include heterogeneity in patient case mix and ICU 
admission and discharge criteria as well as the settings 
and timing for the implementation of end-of-life deci-
sions, making it difficult to compare the results [29] 
(Tables 54.1 and 54.2).

Four hypotheses have been proposed to explain the 
decreased mortality rate in critically ill cancer patients 
[15]: (1) an overall improved survival with the use of a 
more intense therapeutic regimen and the development 
of more potent and targeted therapies [30]; (2) improved 
ICU management with the development of noninvasive 
diagnostic [28] and therapeutic strategies [18, 31, 32]; 
(3) ability to make the specific etiological diagnosis in 
patients with acute respiratory failure [28, 33, 34] and 
bacterial infection [35]; (4) improved performance sta-
tus in cancer patients managed using watch and wait 
policies, or immunotherapy that may be associated with 
less organ-related toxicity and epithelial and endothelial 
dysfunction with its increased propensity for cardiovas-
cular, renal, and lung dysfunctions [36].

54.2.2  Classic Predictors of Mortality  
Are No Longer Relevant

Prognostic factors in critically ill cancer patients are 
often unreliable and are derived from inconsistent 
results. A British multicenter study of patients with 
hematologic malignancy admitted to the ICU showed 
that BMT was a risk factor for increased hospital death 
[37]. However, among patients with cancer admitted to 
the ICU, those who underwent autologous BMT had 
the same prognosis as those who did not [15]. Benoit 
and colleagues reported neutropenia to be an indepen-
dent risk factor for increased mortality in ICU patients 
with hematologic malignancy [12]. However, this find-
ing has been refuted by others [24, 38]. The prognostic 
importance of other classic mortality predictors, such 
as age or characteristics of the malignancy, vary among 
studies and may mainly depend on ICU admission cri-
teria [14, 29]. We recommend not denying ICU admis-
sion to elderly patients based on age alone.
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mortality in critically ill 
cancer patients over the last 
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(b) Unadjusted ICU 
mortality rates in bone 
marrow transplant recipients 
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54.2.3  Improved Understanding  
of Organ Dysfunction

Close collaboration between hematologists/oncolo-
gists and intensivists has resulted in an improved 
understanding of organ dysfunction and probably sur-
vival [39]. Clinical experience in managing cancer 
patients has led to better understanding of acute tumor 
lysis syndrome [8, 40–42], macrophage activation syn-
drome [10], and acute respiratory failure [43]. Although 
the cause-effect relationship cannot be proven, we 
believe that the improved understanding has translated 
into better survival (Table 54.2).

54.2.4  Some Groups of Patients Have 
High and Unchanged Mortality

In addition to bedridden patients and those with no 
lifespan-expanding therapy (see point 5 below), there 
are three groups of patients in whom survival rates 
remain low. These include allogeneic BMT recipients 
with severe, unresponsive graft-versus-host disease 
(GVHD) [20], patients with multiple organ failure 
related to delayed ICU admission [16], and solid tumor 
patients with pulmonary carcinomatous lymphangitis 
with acute respiratory failure, carcinomatous meningi-
tis with coma, or bone involvement.
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Several studies have assessed the outcomes of allo-
geneic BMT recipients admitted to the ICU over the 
last 3 decades [44]. Despite careful selection for ICU 
admission and advances in critical care, the prognosis 
remains grim, with an overall 1-year survival rate of 
less than 10% in patients receiving mechanical ventila-
tion [44]. Outcomes are not related to the source of 
stem cells (bone marrow vs peripheral blood vs cord 
blood donors), the underlying malignancy for which 
BMT was performed, or patient-related characteristics 
such as age or comorbidities. Ten factors have been 
associated with mortality after a critical care illness, 
most of them being surrogate markers of GVHD. 
These are (1) BMT from unrelated donor; (2) GVHD 
with toxic and infectious complications from immuno-
suppression; (3) the need for mechanical ventilation; 
(4) acute respiratory failure and the need for mechani-
cal ventilation 4–6 weeks after BMT (GVHD period, 
10% survival); (5) the association of severe sepsis and 
resistant GVHD; (6) thrombotic microangiopathy by 
endothelial activation triggered by GVHD, total body 
irradiation, immunosuppressive regimen and infec-
tious diseases; (7) multiple organ failure in the setting 
of severe veno-occlusive disease; (8) acute respiratory 
failure from pulmonary aspergillosis; (9) late non-
infectious pulmonary complications including diffuse 

alveolar hemorrhage [45] and bronchiolitis obliterans 
[46]; and (10) relapse of the underlying malignancy. 
Patients developing multiple organ failure are at higher 
risk for death if their ICU admission is delayed [16]. In 
patients with multiple myeloma, delayed ICU admis-
sion was associated with increased mortality [7].

54.2.5  Triage Criteria That Are Usually 
Used Are Ineffective

In bedridden patients and in patients with no lifespan-
prolonging anti-cancer therapy, care should transition 
from cure to comfort. However, triage criteria for ICU 
admission remain ineffective. In a prospective study 
evaluating the outcomes of patients proposed for ICU 
admission, 20% of the patients who were not admitted 
because they were considered “too well” died before 
hospital discharge (mainly after a delayed ICU admis-
sion), and 25% of the patients who were not admitted 
because they were too sick survived [47]. A striking find-
ing of this study was that it highlighted the inadequacy of 
the triage criteria and the need for the development and 
implementation of new ICU admission policies.

54.2.6  At Least 3 Days of ICU 
Management Before Making 
End-of-Life Decisions (ICU Trial)

The use of life-sustaining therapies in most cancer 
patients is no longer futile. However, recent data 

 1. Less restrictive admission policies [13]

 2. Noninvasive mechanical ventilation [18, 31, 32]

 3. Acute respiratory failure [28, 33, 43, 63]

 4. Tumor lysis syndrome [8, 41, 42]

 5. Acute kidney injury [25–27]

 6. Antifungal agents [64]

 7. Transfusion policies [65]

 8. Drug-related organ toxicities [66, 67]

 9. Macrophage activation syndrome [10]

10. Neurological involvement [21]

Table 54.2 Recent ICU advances in the management of critically 
ill cancer patients

 1.  Short-term survival after critical care illness has improved.

 2. Classic predictors of mortality are no longer relevant.

 3.  Clinicians’ understanding of organ dysfunction has improved.

 4.  Some subgroups of patients continue to have high and 
unchanged mortality.

 5.  The usually used triage criteria for ICU admission are 
ineffective.

 6.  Three days of ICU management are warranted before 
making a final decision (ICU trial).

 7.  Attempt should be made to find a balance between 
non-invasive treatments and avoiding delays in optimal 
therapies.

 8.  Close relationship and collaboration need to be devel-
oped between intensivists and hematologist/oncologists 
to increase skills of all sides in the global management of 
cancer patients.

 9.  Early admission to the ICU for cancer patients is 
recommended.

10.  Doing everything that can be done, even cancer 
chemotherapy, may improve outcome.

Table 54.1 Prognosis in cancer patients needing intensive care 
support: the ten truths
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 suggest that the duration of mechanical ventilation, 
vasopressor administration, and dialysis are strong 
predictors of death. Identifying patients with no 
improvement (or with worsening condition) after 3 
days of full ICU support may be more effective to 
appraise outcomes [13, 15]. During the “golden hours” 
of resuscitation, which are associated with improved 
outcome, everything should be done. After these 
golden hours, the continuation or introduction of life-
sustaining therapies in patients whose conditions are 
worsening may not be beneficial.

54.2.7  Finding a Balance Between Non-
invasive Treatments and Avoiding 
Delays in Optimal Therapies

Early ICU admission offers the opportunity to use non-
invasive diagnostic tests and non-invasive mechanical 
ventilation [31, 32]. Although bronchoscopy and BAL 
can be avoided in a large proportion of patients, those 
who may benefit should be identified early after admis-
sion to the ICU.

54.2.8  Close Relationship and 
Collaboration Need to Be 
Developed Between 
Hematologists and Oncologists  
to Increase the Skills of Both Sides 
in the Overall Management  
of Cancer Patients

Part of the improvement in the outcome of critically ill 
cancer patients can be attributed to exchange of ideas 
between intensivists and hemato-oncologists. The 
hemato-oncologists are able to appraise outcomes and 
to update the intensivists about therapeutic options and 
potentials for cure of the underlying malignancies. 
Intensivists may be more knowledgeable and experi-
enced in setting goals of life-sustaining therapies based 
on the reversibility of single organ dysfunction. ICU 
admission decisions as well as decisions to withhold or 
withdraw life-sustaining therapies should be under-
taken by both parties based on the acute medical dis-
ease, as well as the underlying disease prognosis and 
patients’ preferences and values.

54.2.9  Early Admission to the ICU  
for Cancer Patients

We are not aware of any study designed to assess the 
impact of early ICU admission. Existing data suggest 
that early admission may improve outcome. Over the 
past decade, decreased mortality was observed along 
with earlier ICU admission [7]. There is a linear rela-
tionship between the number of organ dysfunctions 
and patients’ mortality, suggesting that patients should 
best be admitted as early as possible rather than at a 
time of multiple organ failure.

54.2.10  Doing Everything That Can Be 
Done, Including Cancer 
Chemotherapy

When ICU admission is warranted, patients should be 
treated with a full code status or according to an ICU 
trial. In both situations, patients receive everything 
they need during the first few ICU days and then have 
their situation reappraised after 3–5 days. This full 
code status includes the administration of cancer che-
motherapy along with life-sustaining therapies. Patients 
with tumor lysis syndrome, pulmonary or renal infiltra-
tion by the malignancy, sepsis related to obstructive 
pneumonia or ureteral compression may require life-
sustaining therapies until the cancer chemotherapy 
becomes effective. Studies have shown the feasibility 
of administering chemotherapy in the ICU with accept-
able short- and long-term outcomes [48, 49]. They 
have also demonstrated that when patients present with 
severe sepsis or septic shock after recent chemother-
apy, outcomes may be better than in those who did not 
receive recent cancer chemotherapy [49, 50].

54.3  Broadening ICU Admission Policies 
and Clarifying the Patient’s Code 
Status at the Time of Admission

Most critically ill cancer patients are admitted to  
the ICU during the early management period of aggres-
sive malignancies. Some patients with low-grade 
 hematological malignancies may be admitted at any 
time of their disease course, mainly for infectious or 
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toxic life-threatening complications. Patients with par-
tial remission (myeloma) or high-risk solid tumors 
(metastatic breast or ovarian cancer) can be admitted at 
a later course of their disease, even after several courses 
of chemotherapy, providing significant and sustained 
response with improved long-term survival [51]. All 
these patients are admitted to the ICU with a full code 
status. The decision-making process is similar to that 
of other ICU patients without malignancy (Fig. 54.2, 
Table 54.3). We also recommend unrestricted ICU 
support of allogeneic BMT recipients at the earliest 
phase of transplantation (before GVHD develops), 
after 1 year of transplant if they have no or controlled 
GVHD, and those requiring mechanical ventilation for 
status epilepticus related to posterior reversible enceph-
alopathy syndrome. It seems reasonable to discourage 
ICU admission and mechanical ventilation in patients 
with severe sepsis or acute respiratory failure and 
uncontrolled GVHD.

FULL code ICU management

ICU trial

Heroic
ICU admission

?
Prophylactic ICU
admission?

Early ICU
admission?

Palliative ICU
admission?

Terminal ICU
admission?

Non-ICU care
in ICU?

Exceptional 
ICU admission

Fig. 54.2 Alternative to ICU refusal in cancer patients proposed 
for ICU admission

Type of ICU admission Code status Clinical situation

1. Full code ICU management Full code Newly diagnosed malignancies; malignancies in complete 
remission

2. ICU trial Unlimited for a 
limited time period 
that should last at least 
3–5 days

Clinical response to therapy not available or undetermined

3. Exceptional ICU admission Same as ICU trial Newly available effective therapy that should be tested in a 
patient who becomes critically ill

4. Heroic ICU admission ICU management until 
conflict resolution

Both hematologists/oncologists and intensivists agree that ICU 
admission is not appropriate, but patients or relatives disagree 
about the appropriate level of care

5. Other admission modalities that are performed but not yet formally evaluated

(a) Prophylactic ICU admission Full code. Intensive 
clinical and biological 
monitoring. Invasive 
procedures under safer 
conditions

Earliest phase of high-risk malignancies. Admission to the ICU 
is warranted to avoid development of organ dysfunction (acute 
respiratory failure, tumor lysis syndrome, etc.)

(b) Early ICU admission Full code. Intensive 
clinical and biological 
monitoring. Invasive 
procedures under safe 
conditions

Admission to the ICU in patients with no organ dysfunction but 
physiological disturbances. ICU is warranted to avoid late ICU 
admission (a condition associated with higher mortality)

(c) Palliative ICU admission No life-sustaining 
therapies. Noninvasive 
strategies only

Admission to the ICU for the purpose of undergoing noninva-
sive mechanical ventilation as the ceiling of therapy

(d) In-ICU non ICU care No life-sustaining 
therapies

Short ICU admission to help for optimal and prompt manage-
ment (catheter withdrawal, early antibiotics, etc.)

(e) Terminal ICU admission No life-sustaining 
therapies

ICU admission is required to best provide palliative care and 
symptom control. Controversial issue

Table 54.3 Different ICU admission policies
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In some patients with cancer, the usual ICU admis-
sion triage criteria may be ineffective. Nevertheless, 
establishing the goals of therapy at the time of ICU 
admission is crucial to optimize their management. The 
ICU trial is an alternative to ICU refusal in cancer 
patients [13]. It consists of unlimited ICU support for a 
limited time, for at least 3–5 days [15]. In a study per-
formed at Saint-Louis Hospital in Paris, France, clini-
cians made clear to patients and families that the ICU 
trial was an alternative to ICU refusal and that as soon as 
the situation was considered irreversible with no hope 
for survival, the level of care was transitioned from cure 
to comfort. The major result from this ICU trial was that 
none of the variables available at ICU admission was 
significantly different between ICU survivors and non-
survivors. Only after day 3, non-survivors had signifi-
cantly more organ dysfunction than ICU survivors. We 
advocate the use of the ICU trial in patients with newly 
diagnosed malignancies, but with a life expectancy of 
less than 1 year [52]. In the evaluation of the ICU trial 
[13], survival was 20% overall, but 40% in patients who 
were alive and in the ICU after day 3.

We suggest three other ICU admission statuses 
that need to be evaluated (Fig. 54.2, Table 54.3). The 
first status is the “exceptional ICU.” We propose this 
status of admission for patients in whom severe limi-
tation of the performance status is attributable to the 
malignancy itself and may improve in response to 
chemotherapy. Another place for this status is when 
evidence emerges from new trials that a new effective 
therapy is available for a patient without lifespan-
prolonging therapy. Formal discussions between 

hemato-oncologists and intensivists must address the 
statuses of ICU management and the time with which 
a response to therapy can be expected. As for the ICU 
trial, patients and relatives must agree with ICU 
admission and fully grasp its objectives. The second 
new status of ICU admission that we sometimes adopt 
is the “Heroic ICU.” This is used to resolve conflicts 
between ICU clinicians and hemato-oncologists, or 
between clinicians and patients/relatives about the 
actual prognosis and the appropriate level of care. 
The philosophy of this type of ICU admission is that 
1 or 2 days of ICU management will make the prog-
nosis more evident to create mutual trust. We must 
bear in mind that if this status of ICU admission is 
used more than two to three times a year, conflict 
resolution strategies or attempts to increase the under-
standing and knowledge about the actual prognoses 
of malignancies and organ dysfunctions are in order.

The common characteristic of all the previous ICU 
admission statuses is that patients receive full code 
management for an unlimited or a limited time. Other 
admission policies need to be evaluated before specific 
recommendations are made. Such policies include 
early ICU admission, prophylactic ICU admission, 
palliative ICU admission, ICU admission for non-ICU 
care, and terminal ICU admission (Fig. 54.2, 
Table 54.3). The terminal admission policy is based on 
a controversial assumption that the ICU is the best 
place to die in the hospital and ICU clinicians are 
skilled at performing adequate palliative care for dying 
patients. Details on code status are reported in 
Table 54.3 and Fig. 54.3.
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Fig. 54.3 Code status in cancer patients receiving mechanical ventilation
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54.4  Unanswered Questions  
and Research Agenda

Many unanswered questions deserve future observa-
tional and interventional studies (Table 54.4). As 
experts in the management of critically ill cancer 
patients, we recommend a research agenda to address 
the following issues:

1. The first issue is the lack of studies on long-term out-
comes in cancer patients who survive their ICU stay. 
The ICU benefits in the overall long-term and dis-
ease-free survival are unknown. We do not know 
whether the improved survival reflects a prolongation 
of the dying process or an actual increase in survival 
with good quality of life. Very few studies have 
addressed ICU survivors’ quality of life. Cancer treat-
ment decisions are influenced by the clinical condi-
tion of the patient. In critically ill cancer patients, 
poor performance status may prevent the use of opti-
mally aggressive treatment regimens thereby shorten-
ing long-term survival. We need studies evaluating 
outcomes up to 2 years after critical illness, to inves-
tigate survival, treatments that have been imple-
mented, and remission from the malignancy.

2. In addition to physical outcomes, mental health and 
quality of life outcomes must be assessed in ICU sur-
vivors. At this time, no study has specifically evalu-

ated health-related quality of life and post-ICU 
burden in cancer patients who survived the ICU. 
Nelson et al. investigated self-reported symptom 
experience of cancer patients at the time they were 
receiving intensive care support [53]. Most patients 
reported experiencing pain, discomfort, anxiety, sleep 
disturbance, or unsatisfied hunger or thirst. About 
one third reported depression and dyspnea. Significant 
pain and discomfort were associated with common 
ICU procedures. Inability to communicate, sleep dis-
ruption, and limitations on visiting were particularly 
stressful among ICU conditions studied. However, 
no study has assessed the prevalence of these symp-
toms 6 months or 1 year after ICU discharge.

3. Studies in relatives of critically ill cancer patients 
should be performed to seek for specific needs and 
communication strategies. Determinants of ICU 
and post-ICU burden on relatives of ICU survivors 
should be evaluated because relatives of critically 
ill patients may become actual caregivers.

4. Existing ICU admission criteria need to be described 
and appraised. New modalities of ICU admission 
should be evaluated. Controversial issues such as 
palliative or terminal ICU admission must be dis-
cussed at a global level, including patient and fam-
ily participation. We recognize broadening ICU 
admission criteria may be obviously associated 
with increased mortality [54], clinician burnout, 
demoralization, and further exhausting the limited 
available resources.

5. One of the most difficult issues in the ICU trial is 
determining the appropriate time for making 
 end-of-life decisions [17]. Transition from curative 
to palliative care is complex in cancer patients 
because of their young age, complex medical con-
ditions, doubts about the actual therapeutic plans, 
and pressures from consultants and relatives. 
Implementing new ICU admission policies for can-
cer patients requires a critical evaluation of end-of-
life care that occurs in up to 80% of these patients. 
Quality of dying and death must be specifically 
assessed in this context.

6. Although recent studies suggest survival benefits 
from early ICU admission, this has never been eval-
uated properly. Indeed, a randomized clinical trial 
aimed at cancer patients at the earliest phase of the 
malignancy (before or within the first few days of 
cancer chemotherapy) with only one organ dys-
function may be in order.

 1.  Establishing long-term outcomes in oncology and 
hematology patients who survive their ICU stay. Do we 
prolong the dying process or do we actually increase 
survival?

 2. Addressing qualitative outcomes.

 3.  Searching for specific family needs and communication 
strategies.

 4. Evaluating new admission policies.

 5. Improving transition from curative to palliative care.

 6.  Evaluating the impact of the ICU on an overall 
long-term and disease-free survival.

 7.  Defining the appropriate timing for ICU admission 
(avoiding delays).

 8. Appraising prognostic factors of mortality.

 9.  Evaluating outcomes in patients receiving intensive care 
(NIV, vasopressor, etc.) in the wards.

10.  Performing qualitative studies before any recommenda-
tion on the use of NIV as the ceiling of therapy.

Table 54.4 Unanswered questions and research agenda
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7. An appraisal of classic prognostic factors is timely. 
There are data suggesting that neutropenia and 
autologous BMT may no longer have prognostic 
importance [24]. New determinants of outcome 
have emerged from recent studies. These new deter-
minants include our ability to make the actual etio-
logical diagnosis rather than treating empirically 
[28, 31, 33, 34], delayed ICU admission [7], cyto-
genetic data in patients with aggressive malignan-
cies [55], and the extent of organ dysfunctions [13, 
19]. Future multicenter cohort studies are needed to 
identify predictors of death in cancer patients admit-
ted to the ICU controlling for the ASSESS criteria 
that we have recently proposed (Table 54.5) [14].

8. There is emerging interest in adding noninvasive 
mechanical ventilation (NIV) to routine supportive 
care provided in hematology/oncology wards. This 
is partly due to the shortage of ICU beds and ICU 

physicians’ reluctance to admit cancer patients with 
acute respiratory failure, as well as the unconfirmed 
assumption that ICU admission may hamper 
patients’ chances of receiving good hematology/
oncology care and appropriate infection prevention. 
We advise caution when implementing NIV in 
hypoxemic patients with cancer [56]. Unless NIV is 
the ceiling of therapy [57], we believe NIV should 
be initiated only in an ICU or high-dependency unit 
(HDU) setting, where endotracheal intubation and 
invasive mechanical ventilation can be performed 
safely and in a timely manner if NIV fails [58].

9. Mortality in patients receiving palliative NIV has 
been reported in various subgroups of patients 
[59– 61]. Cancer patients remain poor candidates 
for palliative NIV, even if some of them may derive 
some benefit [62]. However, these studies report no 
qualitative outcomes, including quality of life, ICU 
burden and quality of dying for the majority of 
patients who die after NIV. We believe that qualita-
tive studies are mandatory before establishing any 
recommendation on the use of NIV as the ceiling of 
therapy in cancer patients.

54.5  Conclusions

In cancer patients requiring ICU admission, the survival 
rate has improved. Besides refinements in the selection 
criteria of patients for ICU admission, advances in 
hematology/oncology and ICU management have con-
tributed to this improved survival. In this changing con-
text, clinicians’ beliefs regarding the results of ICU 
management of cancer patients must be appraised. 
Also, admission policies must be broadened and closely 
evaluated to avoid depriving patients who may benefit 
from life-sustaining therapies.
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55.1  Introduction

Among patients with hematological malignancies, 
acute respiratory failure (ARF) exacts a huge toll. 
The incidence of ARF in patients with acute leuke-
mia or lymphoma ranges from 10% to 20%; this 
proportion increases to approximately 50% in 
patients with neutropenia or bone marrow transplan-
tation [1, 2]. ARF is the most common reason for 
admitting hematological patients to the intensive 
care setting [3–5], and prognosis at this point is poor 
[6], with an overall mortality rate of more than 50%. 
Higher mortality rates (75–85%) occur among 
patients who have undergone allogeneic bone mar-
row transplantation or who require mechanical ven-
tilation [6–9].

Although life-saving medical intervention is 
appropriate for a small percentage of selected patients 
with hematological malignancies and ARF [6, 9], in 
the majority of cases the clinical emphasis shifts 
toward palliation. In the palliative care phase, the 
goals of care shift from cure of disease to improve-
ment of the patient’s experience of living and of 
dying, and optimization of the patient’s quality of life 
(QOL). Among the multiple symptoms that require 
careful management in the context of palliative care, 
dyspnea (breathlessness), which frequently accompa-
nies respiratory failure, is particularly prevalent and 
distressing for cancer patients entering the last stages 
of life. Patients whose dyspnea cannot be alleviated 
through further treatment of their illness are said to 
have “intractable” or “refractory” dyspnea [10]. At 
this point, palliative care focuses on relief of breath-
lessness and improvement in function, rather than 
extension of survival.
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55.2  Dyspnea

A consensus panel of the American Thoracic Society 
has described dyspnea as follows: “a subjective expe-
rience of breathing discomfort that consists of qualita-
tively distinct sensations that vary in intensity. The 
experience derives from interactions among multiple 
physiological, psychological, social, and environmen-
tal factors, and may induce secondary physiological 
and behavioral responses” [11]. Building on earlier 
efforts to develop a working definition of dyspnea, 
Harver et al. identified three dimensions of breathless-
ness: depth and frequency of breathing, perceived 
urge of need to breathe, and difficulty breathing and 
phase of respiration [12]. The experience of dyspnea 
arises from activation of neural pathways, inflected by 
the patient-specific perception [11]. The physical 
mechanisms and parameters of dyspnea have proven 
difficult to define; the phenomenon contains a signifi-
cant subjective component; and factors such as under-
lying disease, racial/ethnic background, previous 
experience, and emotional state further influence the 
individual patient’s experience of this distressing 
symptom.

55.2.1  Assessment

The subjective intensity of dyspnea can be assessed 
with single-item scales such as a visual analogue 
scale (VAS), numerical rating scale (NRS), or modi-
fied Borg scale. These scales are useful in the clinical 
setting, enabling longitudinal within-patient moni-
toring of dyspnea, its course, and therapeutic 
response. The functional impact of breathlessness 
can be gauged by physical measurements, such as a 
6-min walking test or shuttle test, or through categor-
ical functional scales (e.g., the Medical Research 
Council Dyspnea Scale). The Cancer Dyspnea Scale 
(CDS) was recently developed by Tanaka et al. to 
define dyspnea from the patient’s perspective, includ-
ing effort, anxiety, and discomfort; it can be easily 
deployed in real-world clinical settings [13]. The 
CDS was originally developed and validated in 
Japanese; an English-language validation study has 
recently been completed.

55.2.2  Mechanisms

While the pathophysiological mechanisms involved in 
its development remain unclear, dyspnea is currently 
understood to result from a mismatch of respiratory 
motor activity and incoming afferent activity, includ-
ing information from chemo-, vagal, mechano-, pul-
monary stretch, and muscle receptors [11]. The 
mechanistic interactions among these factors have yet 
to be mapped, and certain puzzling scenarios imply the 
involvement of additional factors. For example, dysp-
nea is associated with an increase in PaCO

2
 and a 

decrease in the detection of PaO
2
 and/or pH by periph-

eral chemoreceptors; however, many patients with 
abnormal blood gas levels do not experience dyspnea, 
and many dyspneic patients have normal blood gas 
levels [14–16].

55.3  Palliative Care for Intractable 
Dyspnea

In palliative care, minimization of symptom burden 
and enhancement of quality of life (QOL) replace cure 
and extension of survival as the primary treatment 
goals. For dyspneic patients, palliative interventions 
specifically aim to alleviate the patient’s sensation of 
breathlessness and/or to improve his or her functional 
status. From this perspective, the fact that patients 
often complain of dyspnea that seems out of propor-
tion to their objective physical disability or functional 
impairment is irrelevant. In determining what symp-
toms are to be treated in the palliative care setting, the 
clinician prioritizes the patient’s report of his/her 
experience, then chooses the palliative approaches that 
best address these self-reported symptoms and, corre-
spondingly, improve the patient’s QOL.

55.4  Pharmacological Interventions

Approaches to management of refractory dyspnea have 
focused on several primary options: opioids, psycho-
tropic drugs, inhaled frusemide, and Heliox 28 [17]. 
Current evidence supports the use of opioids (oral, 
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parenteral), but the data remain insufficient with regard 
to nebulized opioids, anxiolytics, selective serotonin 
reuptake inhibitors (SSRIs), inhaled frusemide (also 
known as furosemide), or Heliox28. The data do not 
support use of phenothiazines.

55.4.1  Oral and Parenteral Opioids

Although opioids have long been used to alleviate 
intractable dyspnea, this practice remains controver-
sial, safety being the primary concern, due to risk of 
respiratory depression [18, 19]. The mechanism of 
action of opioids in alleviating dyspnea is poorly 
understood; they may act centrally, peripherally, or by 
reducing anxiety [20].

Opioids diminish ventilatory response to carbon 
dioxide [21], hypoxia [22, 23], inspiratory flow-resistive 
loading [24], and exercise. Morphine has been shown 
to reduce oxygen consumption in healthy individuals 
both at rest and during exercise [25]. According to a 
systematic review and meta-analysis, oral and paren-
teral opioids produce a statistically significant effect 
on the sensation of breathlessness (overall pooled 
effect size –0.31, 95% confidence interval [CI] −0.50 
to −0.13, p = 0.0008), although the clinical effect was 
relatively small (approximately 8 mm on a 100 mm 
VAS with baseline levels of dyspnea of 50 mm) [26]. 
The authors proposed several reasons for this minimal 
effect: opioid doses were often low, doses were not 
titrated, dosing intervals were long, and single-dose 
studies would fail to achieve steady state. In their 
 analyses, the use of opioids was not associated with 
changes in arterial blood gas measurements or oxygen 
saturation.

A subsequent trial assessed oral morphine’s effect 
on intractable dyspnea among opioid-naïve adults [10]. 
Forty-eight outpatients with refractory dyspnea were 
enrolled in an 8-day, randomized, double-blind, cross-
over study of 20 mg once-daily sustained-release oral 
morphine sulfate or placebo. The primary outcome 
was the sensation of breathlessness measured on a 
100 mm VAS. Participants were elderly (mean age 76, 
standard deviation [SD] 5); 71% were receiving oxy-
gen therapy; the mean baseline morning dyspnea score 
was 43 (SD 26). Patients receiving morphine experi-
enced a significant decrease in dyspnea, with mean 

improvements in dyspnea intensity of 6.6 mm in the 
morning (p = 0.011) and 9.5 mm in the evening 
(p = 0.006), a relative improvement over baseline dysp-
nea of 15–22%. Morphine did not depress the respira-
tory rate (RR; mean RR for morphine vs placebo = 20 
[SD 5] vs 21 [SD 4], p = 0.143). No episodes of severe 
sedation or obtundation were recorded. The primary 
side effect was constipation (9 vs 1, p = 0.021), but nei-
ther treatment caused more vomiting, confusion, seda-
tion, or appetite suppression. Patients who received 
morphine described better sleep at night (p = 0.039).

In practice, for opioid-naïve patients with refractory 
dyspnea, clinicians initiate treatment with a 20-mg, 
once daily, sustained-release, oral morphine prepara-
tion (provided the patient has no contraindication to 
morphine). Alternatively, if this preparation is unavail-
able, clinicians can substitute a 15-mg, twice daily, 
long-acting morphine product, initially administered 
once per day; after 5–7 days, the treatment can be 
increased to twice daily if the medication is well- 
tolerated and the patient is experiencing residual 
breathlessness. For patients who have a contraindica-
tion to morphine, clinicians prescribe long-acting oxy-
codone, starting at 10 mg once a day and, after 
5–7 days, increasing to twice a day as tolerated and 
needed. As an alternative, hydromorphone can be used 
in analgesic doses equal to 20–30 mg of morphine 
around the clock. The 25-mg fentanyl transdermal 
patch provides over 80 morphine equivalents per day, 
so it is not advisable to begin with this approach. For 
opioid- tolerant patients already receiving regular 
doses of morphine or opioids, clinicians can sequen-
tially increase the opioid dose by 20% of the total daily 
dose every 3–5 days until the breathlessness is relieved 
or side effects occur [27].

55.4.2  Psychotropic Drugs

In the treatment of refractory dyspnea, the use of psy-
chotropic agents is based on two assumptions: that 
dyspnea involves a significant psychological compo-
nent and that anxiety contributes substantially to the 
functional impairment associated with dyspnea [28]. 
The principal psychotropic agents used in the manage-
ment of dyspnea are anxiolytics, phenothiazines, and 
selective serotonin reuptake inhibitors (SSRIs).



686 A.P. Abernethy et al.

55.4.2.1  Benzodiazepines

Benzodiazepine studies in the context of dyspnea have 
been small scale and somewhat inconclusive. While an 
exploratory study found diazepam to have beneficial 
effects in four patients [29], two subsequent studies 
failed to replicate these results [30, 31]. Several other 
studies investigated the efficacy of alprazolam, a 
shorter acting and potentially less-sedating medication 
than diazepam; one controlled study found no improve-
ment in breathlessness [32], whereas a case report did 
document benefit [33]. In a randomized controlled trial 
of terminally ill cancer patients given morphine 2.5 mg 
every 4 h, midazolam 5.0 mg every 4 h, or the combi-
nation, the combined intervention was the most effec-
tive in alleviating breathlessness [34]. Side effects, 
especially sedation, were most problematic in the mor-
phine-only arm, which may have been due to the bolus 
rescue doses provided in accordance with the study 
protocol. These patients were quite near the end of life, 
and the results may not be applicable earlier in the pal-
liative care period.

When anxiety obviously and substantially aggra-
vates dyspnea, the clinician can prescribe benzodiaz-
epines. Midazolam carries risk and may be disallowed 
in some clinical areas, so alprazolam is generally pref-
erable as a short-acting product, and clonazepam is 
acceptable for longer-acting control.

55.4.2.2  Other Anxiolytics

The serotonergic anxiolytic agent buspirone has been 
shown in animal studies to be a respiratory stimulant 
[35, 36]. Two small studies evaluated the effects of 
buspirone on breathlessness, exercise tolerance, and 
anxiety in human patients with severe COPD [37, 38]. 
Although these studies included slightly different 
patient populations (only one of the studies required 
baseline anxiety among its eligibility criteria) and 
yielded conflicting results (one finding improvement 
in all three domains, the other finding no difference), 
the data nevertheless suggest that anxiolytic agents 
may have a possible role in selected patients with 
refractory dyspnea.

In clinical practice, it is advisable to conduct an “n 
of 1” trial for patients who are potential candidates for 
anxiolytics, as well as other interventions for refrac-
tory dyspnea, carefully monitoring each patient for 

benefit (relief of breathlessness, improvement in func-
tion) without undue adverse effects. When an identical-
looking placebo is unavailable, the best option may be 
a single-sided “n of 1” trial, with outcomes documented 
thoroughly for clinician review in concert with the 
patient and caregivers.

55.4.2.3  Selective Serotonin Reuptake 
Inhibitors (SSRIs)

SSRIs first attracted attention in the 1990s for their 
potential to alleviate breathlessness. A pilot study 
found that 6 weeks of sertraline resulted in symptom 
improvement in six patients (three of whom had psy-
chiatric disorders) [39]. In a series of case studies, 
seven patients with obstructive lung disease, three of 
whom met criteria for panic disorder, were treated with 
sertraline; while no formal measures were performed, 
all patients reported a decrease in breathlessness, and 
several additionally reported improved exercise toler-
ance [40].

SSRIs may improve dyspnea and exercise tolerance 
by direct influence on respiration, by relieving anxiety 
symptoms, or both. Many patients whose dyspnea 
seems disproportionate to their measurable pulmonary 
compromise also experience depression and/or anxi-
ety; data suggest that dyspnea responds to treatment of 
these symptoms [41]. According to data from animal 
research, serotonin may act at the level of the brain-
stem respiratory center, which could in turn affect the 
sensation of breathlessness [42]. However, current evi-
dence is insufficient to indicate SSRIs for relief of dys-
pnea in the absence of an underlying psychiatric 
diagnosis.

55.4.2.4  Inhaled Frusemide

Due to its low chloride content, frusemide inhibits the 
cough response [43], and it exerts a preventive effect 
on bronchoconstriction in patients with asthma [44–46]. 
Inhaled frusemide may also act indirectly on the 
vagally mediated sensory nerve ending in the airway 
epithelium [47]. Inhaled frusemide has been studied in 
healthy individuals [48] and in COPD patients [49]. 
In healthy individuals, inhaled frusemide increases 
breath-holding time and the period of no respiratory 
sensation, slowing as well the onset of discomfort 



68755 Palliative Care and Dyspnea Management in Patients with Hematological Malignancies and Acute Respiratory Failure

during loaded breathing [48]. Examining 42 articles 
published between 1988 and 2004, one systematic 
review reported that, while nebulized frusemide 
appeared to have a positive effect on the symptom of 
dyspnea and its physiological measurements, such data 
have thus far been generated only by small-scale clini-
cal trials or observation trials [50]. While frusemide 
appears promising as an intervention for dyspnea, 
more evidence is required to sufficiently establish its 
benefit.

55.4.2.5  Heliox28

Heliox28 is a mixed gas comprising 72% helium and 
28% oxygen. A Phase II crossover trial involving 12 
lung cancer patients with intractable dyspnea evalu-
ated breathlessness during a 6-min walk test while the 
participants breathed either Heliox28, 28% oxygen, or 
medical air [51]. These patients rated their breathless-
ness significantly lower on a VAS when breathing 
Heliox28 compared to medical air (40.2% [SD 4.8] vs 
59.3% [SD 5.3], p < 0.05); the same patients reported 
no significant difference (VAS, Borg) in breathlessness 
when they breathed Heliox28 vs oxygen (47.0% [SD 
5.6]) or oxygen vs medical air. Patients walked farther 
when breathing Heliox28 (214.2 m [SD 9.6]) than they 
did when breathing either oxygen (174.6 m [SD 11.2], 
p < 0.05) or medical air (128.8 m [SD 10.3], p < 0.0001). 
While these results suggest that Heliox28 may have 
some role in managing refractory dyspnea, the evi-
dence remains limited.

55.5  Oxygen Therapy

Long-term oxygen therapy is indicated for patients 
with severe hypoxemia (resting PaO

2
 £ 55 mmHg); in 

this setting, it improves survival, dyspnea, and func-
tional status [52–54]. For patients approaching the end 
of life, palliative oxygen is often prescribed to manage 
breathlessness regardless of PaO

2
 levels [55, 56]. More 

than 70% of physicians caring for palliative care 
patients with dyspnea report prescribing oxygen, usu-
ally for refractory symptoms (65%) or at patient 
request (30%); [57] in one study, over 40% of patients 
who were administered long-term oxygen therapy 
failed to meet current therapeutic guidelines [53].

Belief in the effectiveness of palliative oxygen for 
the alleviation of breathlessness is widespread. Of 214 
respondents to an e-mail survey of palliative care spe-
cialists and respiratory physicians in Australia and 
New Zealand, 58% reported a belief that palliative 
oxygen is beneficial (69% of palliative medicine clini-
cians and 48% of respiratory physicians surveyed); 
65% cited intractable dyspnea as the most common 
reason for prescription [57]. Similar convictions were 
reported among Canadian clinicians [58].

An international double-blind randomized con-
trolled trial assessed the effectiveness of palliative 
oxygen vs medical (room) air, delivered by concentra-
tor, for relief of breathlessness in patients with end-
stage illness, refractory dyspnea, and PaO

2
 >55 mmHg 

(manuscript submitted [68]). Patients were recruited 
from outpatient pulmonary, palliative care, oncology, 
and primary care clinics at nine sites in Australia, the 
United States, and England; of the 239 participants, 
64% had COPD. Neither medical gas proved superior. 
Over the 7-day intervention period, mean morning and 
evening dyspnea scores on a 0–10 numerical rating 
scale (NRS) decreased by −0.81 (SD 2.6) and −0.40 
(SD 2.1), respectively (p < 0.001), regardless of inter-
vention, reflecting 18% and 9% relative improvement 
with either medical gas. QOL showed parallel improve-
ment (p < 0.001). Most improvement in dyspnea 
occurred within the first 3 days; for example, 55% of 
improvement in evening dyspnea took place in the first 
24 h, 88% in the first 72 h. Baseline dyspnea predicted 
improvement; participants with moderate (4–6 NRS) 
and severe (7–10 NRS) baseline dyspnea experienced 
average decreases in morning dyspnea of 1.0 and 1.3, 
respectively. The results of this study suggest that a 
medical gas may help some patients, particularly those 
who present with more severe baseline breathlessness, 
and that a 3–4 day therapeutic trial should effectively 
identify patients who may benefit.

Current standard practice is to first establish the 
goals of therapy (e.g., alleviation of breathlessness, 
improvement in function, improvement in QOL), then 
to determine the optimal course of therapy for the 
individual patient, guided by best available evidence. 
Ideally, a blinded “n of 1” trial will help to determine 
effectiveness of the selected treatment option for 
patients who are candidates for pharmacologic agents; 
in these cases, the clinician should carefully monitor 
for benefit, burden, and adverse effects. When place-
bos are not available, clinicians should consider a 
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single-sided n of 1 trial in which they carefully docu-
ment outcomes in concert with the patient and 
caregiver(s).

An n of 1trial, applied to palliative oxygen therapy, 
might proceed as follows: The patient is randomly 
assigned to receive either oxygen or medical air from 
a concentrator, via nasal cannulae. The patient’s 
assignment is not revealed to the clinician, patient, or 
caregiver. A respiratory therapist or nurse administers 
the appropriate gas for 15 min, then allows the patient 
to undergo a 5-min washout period before delivering 
the other gas. When medical air is unavailable, the test 
can be conducted using a fan as the comparator 
(at which point the trial is no longer blinded). The 
patient scores his/her dyspnea on a VAS or NRS. When 
function is a primary concern, assessment should 
include a baseline exertional test that is consistent 
with the patient’s best functional status (i.e., shuttle 
test [59], 3-min walking test, reading a paragraph 
aloud), with the same functional test being repeated 
after the patient has received 10 min of each gas. 
Unblinded results are reported to the clinician and 
patient. For patients who experience superior results 
on oxygen, the attending clinician prescribes pallia-
tive oxygen after an informative discussion about 
cost. A fan is prescribed if air produces superior 
results. When both treatments are equally helpful, the 
decision is left to the patient. Patients receiving oxy-
gen are asked to evaluate QOL improvements and 
therapy-related limitations over the course of 1 week, 
which helps guide the decision as to whether to con-
tinue the intervention. Clinicians should bear in mind 
that oxygen therapy is not without burden; patients 
may have an uncomfortable sense of being tied to a 
machine, feel anxiety about the power supply, and 
experience limitations on their ability to take excur-
sions outside the house.

55.6  Non-pharmacological 
Interventions

Several alternative, non-pharmacological treatments 
have been investigated for their role in assisting patients 
with the symptoms or burden of dyspnea. The most 
promising strategies are psychosocial support and 
breathing techniques.

55.6.1  Psychosocial Support

Although essential in the treatment of all chronically 
ill patients, psychosocial support becomes more impor-
tant as patients approach the end of life and their func-
tional limitations increase. At this stage, patients often 
need help coming to terms with their illness and the 
life changes that occur as a result. Relatives and family 
members, too, may require guidance to navigate the 
shifting relationships and family roles that accompany 
disease progression and escalating symptom burden.

Several qualitative studies have examined the sup-
port needs of caregivers for dyspneic individuals. In 
one study, the investigators interviewed ten COPD 
patients and their caregivers; many caregivers reported 
that taking care of a breathless person was “pre- 
occupying, restricting, and a major cause of anxiety.” 
The investigators concluded that clinicians must not 
forget about the needs of their patients’ families and 
that patients with disabling symptoms are often best 
managed using a multidisciplinary approach that 
includes psychosocial care [60]. A similar study, also 
describing the experiences of ten patients with COPD 
and their caregivers, found that caregivers experienced 
losses similar to those of the patients, felt burdened by 
multiple roles, and felt an unfairness that strained the 
patient/caregiver relationship [61].

Existing guidelines do not stipulate protocols for 
psychosocial care of patients with dyspnea or their 
caregivers. Clinicians caring for dyspneic patients 
must evaluate and attend to needs for increased psy-
chosocial support, and respond to patient/family con-
cerns when they arise with appropriate intervention 
and/or referral.

55.6.1.1  Breathing Techniques

Controlled breathing techniques, especially postural 
positioning and pursed lip breathing (PLB), are useful 
for managing dyspnea. In the “forward-leaning posi-
tion,” the posture most frequently used to alleviate 
breathlessness, patients lean forward (e.g., onto a table) 
and support their weight with their arms and upper 
body. This posture increases abdominal pressure and 
may enhance respiratory muscle function; [11] it has 
also been found to increase the strength of inspiratory 
muscle [62], improve diaphragmatic function [63], 
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reduce the use of accessory muscles, and decrease 
abdominal breathing [63–65].

In PLB, the patient inhales through the nose and 
then exhales slowly, usually for 4–6 seconds, through 
pursed lips. By stenting the airways and preventing 
dynamic airway collapse, PLB decreases air trapping 
[66]. Moreover, it can help the patient manage or pre-
vent the panic attacks that accompany severe breath-
lessness [67]. While studies have demonstrated the 
benefit of these techniques for relieving dyspnea in 
controlled research settings, results in actual clinical 
practice vary [11].

Given the potential benefit of breathing tech-
niques, clinicians are advised to provide dyspneic 
patients with instruction in positioning and PLB and 
to review patients’ skill with these techniques as well 
as their perceptions of benefit during subsequent 
clinic visits.

55.7  Conclusions

Intractable or refractory dyspnea contributes substan-
tially to the suffering of patients with hematological 
malignancies and ARF. Palliative therapies, which aim 
to reduce symptom burden and to improve both func-
tional status and QOL, have the potential to minimize 
this suffering. At this time, several treatment options 
are available to treat dyspnea in the palliative phase of 
care, with evidence most strongly supporting the use 
of oral or parenteral opioids, particularly morphine, for 
relief of breathlessness. Some patients, especially 
those with severe breathlessness, may benefit from 
palliative oxygen delivered via concentrator or from 
medical air delivered either through concentrator or by 
use of a fan. Insufficient and sometimes conflicting 
data limit the use of anxiolytics and SSRIs, which 
should be employed cautiously until further research 
provides more solid information. Evidence for 
Heliox28 is currently inconclusive, and feasibility 
issues may limit its utility regardless of any benefit that 
may be demonstrated in the future. Therapy with 
inhaled frusemide requires further evidence before it 
can be recommended. Finally, positioning and pursed-
lip breathing constitute simple, cost-free interventions 
that have the potential to be very effective for certain 
patients.
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56.1  Introduction

Curing disease and prolonging life have traditionally 
been the main goals of medical care. Progress in diag-
nostic and therapeutic options has decreased deaths 
from acute diseases and considerably increased life 
expectancy. However, as the population ages, more and 
more people are dying from serious chronic conditions, 
which raises a wide range of physical, psychosocial, 
and spiritual problems [1, 2]. Currently, one-third of all 
deaths in most European countries occur suddenly and 
totally unexpectedly [3, 4]; the remaining two-thirds 
are non-sudden and thus eligible for some type of end-
of-life care. This number is expected to increase in the 
near future [5, 6]; hence, delivery of optimal end-of-life 
care has become another important goal of medicine. 
Meanwhile, palliative care – an approach that improves 
the quality of life of patients and their families facing 
the problems associated with life-threatening illness, 
through the prevention and relief of suffering by means 
of early identification and painstaking assessment and 
treatment of pain and other physical, psychosocial, and 
spiritual problems – was recently identified by the 
World Health Organization as a priority public health 
issue for all countries [1, 2]. These aspects of care are 
extensively described in Chap. 55 about dyspnea.

Additionally, it is increasingly recognized that pro-
longing life might not always benefit the patient. End-
of-life care and decision-making are best guided by the 
patient’s quality of life and aimed at relieving  suffering. 
In some cases, shortening of life may therefore be an 
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accepted, and for some people a desired, result [3, 4, 
7]. Making decisions that can shorten a patient’s life 
entails complex decision-making processes, which have 
received increasing attention in public, professional, 
and political debates, especially when they involve 
euthanasia or physician-assisted suicide [8, 9]. Bel-
gium, Luxemburg, and the Netherlands are the only 
countries in the world with laws regulating the practice 
of euthanasia [10, 11]. Switzerland and the state of 
Oregon in the US permit or do not prosecute physi-
cian-assisted suicide under certain conditions, but do 
not allow euthanasia [12, 13].

Cancer stands out as a particular type of chronic ill-
ness. Cancer is the cause of approximately one in four 
deaths overall and one in three non-sudden deaths [3]. 
Previous research has also identified a distinct dying 
trajectory for cancer patients compared with those 
dying from other chronic diseases [1, 2, 14, 15]. While 
people with heart failure or chronic obstructive respi-
ratory disease, for example, often have intermittent 
episodes of illness and often die with little warning 
after a rapid deterioration, cancer patients have a rela-
tively predictable course with a fairly short period of 
evident decline just before death [16]. Hence, the inci-
dence and characteristics of end-of-life decision-mak-
ing may differ substantially between cancer patients 
and patients with other illnesses.

Previous studies have shown that cancer was the cause 
of death in over 70% of legal physician-assisted suicide 
cases in 1999 in Oregon [8], and in 82.5% and 88% of 
legal euthanasia and physician-assisted suicide cases in 
Belgium and the Netherlands, respectively, in 2002–2003 
[9, 10]. Studies showing that oncologists receive more 
requests for, and have performed more euthanasia and 
physician-assisted suicides, than other physicians further 
support the epidemiological data [11–13].

In this report we will analyze data from the European 
Study on End-of-Life Decisions (EURELD) and focus 
on end-of-life decisions among cancer patients. The 
study was performed in 2001 and provides incidence 
estimates of end-of-life decisions among all deaths in 
six European countries: Belgium (Flanders), Denmark, 
Italy (four areas), Sweden, Switzerland (German-
speaking part), and the Netherlands [3].

Firstly, we will provide a full description of the con-
ceptual framework used in the EURELD study 
(Sect. 56. 2) and outline the methodology (Sect. 56.3). 
Secondly, incidence figures of end-of-life decisions 
among cancer patients in these six European countries 

will be compared (Sect. 56.4). Finally, cancer and non-
cancer patients will be compared (Sect. 56.5), and we 
will end with some concluding remarks (Sect. 56.6).

56.2  Conceptual Framework 
of End-of-Life Decisions

Medical end-of-life decisions can be defined as medi-
cal decisions that probably or certainly hasten the 
death of a patient [3, 4, 17–19]. They are usually clas-
sified into the following categories: euthanasia, physi-
cian-assisted suicide, administration of life-ending 
drugs not explicitly requested by the patient, intensifi-
cation of treatments to alleviate pain or other symp-
toms, and treatment limitation decisions with a possible 
or certain life-shortening intention.

The defining elements in categorizing a decision 
are whether the physician committed or omitted an act, 
the intention of the physician, and the request of the 
patient. The first dimension, the medico-technical 
dimension, involves “what the physician actually 
does.” Two kinds of actions can be distinguished: the 
withholding or withdrawing of potentially life-pro-
longing treatment, and the use of potentially life-short-
ening drugs. The physician’s intention and the patient’s 
involvement in the decision-making process belong to 
the second, medico-ethical dimension. The physician 
can make a decision with the knowledge that it may 
hasten death but without the intention of hastening 
death, with the co-intention of hastening death, or with 
the explicit intention of hastening death. The patient 
may explicitly request the physician to make, or not to 
make, a specific type of decision. On the basis of the 
possible combinations of these dimensions, end-of-life 
decisions can be classified as shown in Box 56.1.

Another important practice at the end of life, which 
has been differentiated from medical end-of-life deci-
sions, is the practice of continuous deep sedation until 
death, i.e., the administration of drugs to keep the 
patient continuously in deep sedation or coma until 
death, with or without giving artificial nutrition or 
hydration (when nutrition and hydration are not given, 
this practice is often called “terminal sedation”) 
[17, 20]. The status of continuous deep sedation with 
respect to possibly life-shortening end-of-life deci-
sions is unclear and much debated. An important issue 
is whether or not sedation can hasten death in some 
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cases [21, 22]. Regarding terminal sedation, research 
has shown that, in most cases, death is expected, but 
not explicitly intended [17, 20]. There are also indica-
tions that terminal sedation is sometimes used as an 
alternative to euthanasia [20].

This conceptual framework has been carefully and 
extensively tested and has repeatedly been proven 
valid and robust in international and nationwide stud-
ies [3, 4, 18, 23–27].

56.3  Methodology of the European 
Study on End-of-Life Decisions 
(EURELD) Study 2001

In 2001, the EURELD study was conducted in six 
European countries (Belgium, Denmark, Italy, Sweden, 
German-speaking Switzerland, and the Netherlands) 
to investigate the incidence and background character-
istics of end-of-life decisions. The EURELD study is a 
death-certificate study that used a quantitative mortal-
ity follow-back design, looking backward from death. 
In each participating country, a random sample of 
death certificates for people aged 1 year or older 
(18 years or older for Italy) was obtained from the 
death registries to which all deaths were reported in 

each country. Deaths occurred between June 2001 and 
February 2002. In all countries except Switzerland, the 
sample taken was stratified for the likelihood of an 
end-of-life decision with a possible life-shortening 
effect, i.e., larger samples of deaths were taken for 
strata in which the cause of death made an end-of-life 
decision more likely. Standardized questionnaires were 
mailed to the physicians who signed the death certifi-
cates. A complex mailing procedure ensured the ano-
nymity of the physician and patient. The study protocol 
was approved by an ethics committee in each country.

Response rates varied between 44% (Italy) and 75% 
(The Netherlands) [3].

56.3.1  Questionnaire

To identify the cases in which an end-of-life decision 
was not possible, the physician was asked if the patient 
died “suddenly and totally unexpectedly.” If the answer 
was “no,” the following questions were asked to inves-
tigate the incidence of end-of-life decisions:

(a)  Did you withhold or withdraw medical treatment 
while taking into account the possibility or certainty 
that this would hasten the patient’s death or with the 
explicit intention of hastening the patient’s death?

(b)  Did you intensify the alleviation of pain and suf-
fering while taking into account the possibility or 
certainty that this would hasten the patient’s death, 
or partly with the intention of hastening the 
patient’s death?

(c)  Was death the result of the administration, supply, 
or prescription of drugs with the explicit intention 
of hastening the patient’s death?

The second part of the questionnaire surveyed the deci-
sion-making process leading to the end-of-life decision, 
if there had been one. The physician was asked if the 
patient was competent to make decisions (incompe-
tence was defined as “not or not entirely able to judge 
his or her situation and to make adequate decisions 
accordingly”), whether he or she had made an explicit 
request, whether the decision was discussed with the 
patient without him or her making an explicit request, 
and whether the decision was discussed with the 
patients’ relatives and other professional caregivers.

The case was classified as a treatment limitation 
decision when at least one of the questions under (a) 

Euthanasia or 
physician-assisted 
suicide

The prescription, supply, or administra-
tion of drugs with the explicit intention 
of ending life at the explicit request of 
the patient or of enabling the patient to 
end his/her own life

Administration of 
life-ending drugs 
without explicit 
request by the 
patient

The administration of drugs with the 
explicit intention of ending life without 
an explicit request from the patient

Intensification of 
the alleviation of 
pain or other 
symptoms

The use of drugs to alleviate pain or 
other symptoms, taking into account the 
possible life-shortening side effects, or 
with a co-intention of hastening death

Treatment 
limitation 
decisions

The withholding or withdrawal of 
treatment, taking into account the 
possible life-shortening effect, or with 
the explicit intention of hastening death

 Box 56.1 Conceptual framework for medical end-of-life 
decisions with a possible or certain life-shortening effect [3, 4, 
17–19]
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was answered “yes.” When at least one of the questions 
under (b) was answered “yes,” the case was classified 
as intensification of pain and symptom alleviation with 
a possible life-shortening effect. When question (c) 
was answered “yes,” the case was classified as eutha-
nasia if the drug was given by the physician at the 
patient’s explicit request, as physician-assisted suicide 
if the patient had taken the drug himself or herself, and 
as a life-ending act without the patient’s explicit request 
if the drug was administered without the patient’s 
explicit request. To classify cases in which more than 
one end-of-life decision was reported, the decision 
with the most explicit intention was considered. When 
the same life-shortening intentions were reported, 
explicit life-shortening acts prevailed over symptom 
alleviation with a possible life-shortening effect, which 
prevailed over treatment limitation decisions.

The final question dealing with continuous deep seda-
tion was as follows: Did the patient receive drugs, such 
as barbiturates or benzodiazepines, to keep him/her con-
tinuously in deep sedation or coma until death? Answer 
options were “yes, and artificial nutrition and hydration 
were not given;” “yes, and artificial nutrition or hydra-
tion were given;” and “no.” This question was asked for 
all non-sudden deaths, except in the Netherlands, where, 
due to a routing difference, the question was asked only 
if an end-of-life decision preceded death.

The underlying cause of death on the death certifi-
cates (ICD10 codes) was anonymously linked to the 
questionnaires completed by the physicians. Data were 
corrected for stratification and weighted for sex, age, 
place of death, and cause of death according to all 
deaths during the study period. Results for euthanasia 
and physician-assisted suicide were combined because 
the physician-assisted suicide occurred for only 12 
cancer patients in all countries.

Further details on the methodology, stratification, 
and weighting procedure can be found in previous 
publications [3, 17, 28].

56.4  Epidemiology of End-of-Life 
Decisions Among Cancer Patients: 
European Study on End-of-Life 
Decisions (EURELD) 2001

The EURELD study showed that the percentage of 
all deaths of persons aged 1 year and older (18 years 
and older in Italy) preceded by any end-of-life 

decision varied between 23% (Italy) and 51% 
(Switzerland). The administration of drugs with 
explicit life-shortening intention, with or without an 
explicit request from the patient, occurred in all 
countries, ranging from less than 1% of all deaths in 
Denmark to 3.4% in the Netherlands. In all countries, 
intensified symptom alleviation while taking into 
account or co-intending the hastening of death 
occurred much more frequently than the use of lethal 
drugs, ranging from 19% (Italy) to 26% (Denmark). 
Treatment-limitation decisions were also more com-
mon than the use of lethal drugs in most countries, 
but these decisions showed greater variability 
across countries, ranging from 4% (Italy) to 28% 
(Switzerland) [3]. Prevalence figures for continuous 
deep sedation while food or fluid were given ranged 
from 0.9 (Denmark) to 5.5 (Italy), and sedation while 
forgoing food and fluid ranged from 1.6 (Denmark) 
to 3.7 (The Netherlands) [17].

These previously reported incidence figures are 
estimates for all deaths due to cancer and other ill-
nesses. Incidence figures for cancer patients only have 
not been published so far.

Table 56.1 displays the incidence rates of end-of-
life decisions among cancer deaths per country. At 
least one possibly life-shortening end-of-life decision 
was made for more than half of all cancer deaths in 
Belgium, Denmark, Switzerland, and the Netherlands. 
For Italy and Sweden, the proportions fell between 
40% and 50%. End-of-life decisions were most com-
mon in Switzerland (69%) and least common in Italy 
(41%).

Euthanasia or physician-assisted suicide, described 
as the prescription, supply, or administration of drugs 
with the explicit intention of ending life at the explicit 
request of the patient, was most prevalent in the 
Netherlands (7.5% of cancer deaths) and occurred in 
1% or fewer deaths in the other countries. The high 
percentage in the Netherlands can probably be 
explained by the historical context of the law on eutha-
nasia. Although the law was passed in 2002, it was the 
outcome of a 2-decade long societal process, whereas 
in Belgium the legislation was finalized rather quickly 
in 2002 [29].

Life-ending acts without an explicit request from 
the patient were most common among cancer deaths in 
Belgium (2.8%), but occurred in all other countries in 
1% or fewer cases and mainly involved patients who 
were judged incompetent at the end of life (data not 
shown).
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Country

Belgium Denmark Italy Sweden Switzerland The Netherlands

Number of cancer 
deaths studied

783 793 863 879 822 1,524

At least one end-of-
life decision

499 (63.7%) 457 (57.6%) 351 (40.7%) 392 (44.6%) 570 (69.3%) 884 (58.0%)

Euthanasia/ physician-
assisted suicide

9 (1.1%) 4 (.5%) 1 (.1%) 0 (.0%) 6 (.7%) 115 (7.5%)

Life-ending without 
explicit patient request

22 (2.8%) 10 (1.3%) 2 (0.2%) 3 (0.3%) 5 (.6%) 14 (0.9%)

Intensified alleviation 
of pain and symptoms

354 (45.2%) 342 (43.1%) 306 (35.5%) 274 (31.2%) 320 (38.9%) 509 (33.4%)

Treatment limitation 
decisions

113 (14.4%) 102 (12.9%) 43 (5.0%) 115 (13.1%) 239 (29.1%) 246 (16.1%)

Table 56.1 Frequencies of end-of-life decisions among 5,664 cancer deaths

Data are weighted percentages

The frequency of intensified alleviation of pain or 
other symptoms with possible life-shortening effect 
ranged from 31% (Sweden) to 45% (Belgium). The 
frequency of treatment limitation decisions varied 
more substantially across countries, from 5% in Italy 
to 29% in Switzerland.

Overall across Europe, end-of-life decisions that 
may possibly, or are explicitly intended to, shorten a 
patient’s life seem to be made very often among 
patients dying from cancer. Also, the country-specific 
patterns found for all deaths are reflected in the figures 
for cancer deaths. In particular, the use of lethal drugs 
and the decision to withhold or withdraw possibly life-
prolonging treatments at the end of life seem to differ 
across countries. These are decisions that are highly 
constrained by legal and cultural-ethical factors. 
Decisions aimed at ending patient suffering, e.g., 
intensified symptom alleviation, varied less substan-
tially. This is also reflected in the results for continu-
ous deep sedation.

Regarding the results for continuous deep sedation 
until death, a striking finding was the high rate of use 
of this technique at the end of life in cancer patients in 
Europe (Table 56.2). Sedating an individual continu-
ously until death without administering food or fluid 
occurred most often in Italy (10.5%) and least often in 
Denmark (1.1%). Continuous deep sedation while 
administering food and/or fluid was reported most 
often in the Netherlands (11.5%) and least often in 
Sweden (3.7%). Variations across countries appear to 

be highest for the use of continuous deep sedation 
while deciding to stop or not to initiate artificial feed-
ing or hydration. In this form of terminal sedation, life-
shortening effects are more likely than if food and/or 
fluid are continued.

56.5  A Comparison of End-of-Life 
Decisions Between Cancer and 
Non-cancer Patients in Belgium

In a secondary analysis of the EURELD data for 
Belgium, the prevalence of end-of-life decisions 
among cancer patients who died non-suddenly was 
compared with the prevalence among non-cancer 
patients who died non-suddenly [28]. Sudden and 
totally unexpected deaths, which preclude end-of-life 
decision-making, were excluded from this analysis to 
allow meaningful comparisons [28].

The results showed that end-of-life decisions in gen-
eral occurred more frequently among non-sudden can-
cer deaths (74%) than among non-sudden non-cancer 
deaths (50%), particularly decisions involving intensi-
fied symptom alleviation (53% vs 23%, respectively) 
(Table 56.3). This difference probably stems from the 
different dying trajectories between the two groups and 
the associated recognition of differences in patient needs 
[1, 2, 14, 16, 30, 31]. Because of the less predictable 



698 L. Van den Block et al.

Table 56.2 Frequencies of continuous deep sedation among 5,664 cancer deaths

Country

Belgium Denmark Italy Sweden Switzerland The Netherlandsa

Number of cancer deaths 
studied

783 793 863 879 822 1,524

Continuous deep sedation 
with food and fluid

49 (7.5%) 25 (3.9%) 60 (7.9%) 27 (3.7%) 49 (7.0%) 85 (11.5%)

Continuous deep sedation 
without food or fluid

28 (4.3%) 7 (1.1%) 80 (10.5%) 17 (2.4%) 25 (3.6%) 17 (2.3%)

Data are weighted percentages
aDue to a technical problem in the questionnaire, data from the Netherlands refer only to deep sedation until death combined with 
another end-of-life decision

Cancer, n = 1,140 No cancer, n = 988

At least one end-of-life decision 844 (74.1%) 501 (50.1%)

Euthanasia or physician-assisted suicide 16 (1.2%) 0 (0%)

Life-ending acts without the patient’s explicit request 39 (3.4%) 19 (1.8%)

Intensification of pain and/or symptom alleviation with a 
possible life-shortening effect

606 (53.1%) 234 (23.2%)

Treatment limitation decisions 183 (16.4%) 248 (25.1%)

Table 56.3 End-of-life decisions among non-sudden cancer versus noncancer deaths in Flanders, Belgium n = 2,128 [28]

Data are weighted percentages

dying course of non-cancer patients, a palliative care 
approach might be adopted less frequently and also later 
in the dying process [32]. Additionally, symptoms might 
more often go unreported and untreated among non-
cancer patients, since these patients are often elderly 
people displaying increasing dependency and cognitive 
impairment at the end of life.

The study also shows that treatment limitation 
decisions were more prevalent among non-cancer 
patients (25%) than among cancer patients (16%), a 
difference that can also be ascribed to the differences 
in the dying process. In the case of chronic diseases 
with intermittent serious episodes of illness (e.g., 
heart failure or chronic obstructive respiratory dis-
ease), there may be a period of rapid deterioration at 
the very end of life, when explicit decisions about 
continuing or beginning possibly futile treatments 
will have to be made. In the case of elderly persons 
with several co-morbid conditions and increasing 
dependency and cognitive impairment at the end of 

life, similar questions about whether life-prolonging 
therapies will improve quality of life will come to 
the fore.

Regarding euthanasia or physician-assisted suicide, 
cancer patients were more likely to die after euthanasia 
or physician-assisted suicide (1.2% vs 0%, respec-
tively), but this point could not be statistically evalu-
ated because no occurrences were reported in the 
non-cancer group. This finding may be explained by 
the fact that cancer patients are generally younger and 
thus probably more assertive, while their prognosis is 
more certain, making them more aware of the terminal 
nature of their illness.

Finally, there was a higher prevalence of the use of 
life-ending drugs without explicit patient request 
among cancer patients (3.4% vs 1.8%, respectively). 
However, in a multivariate analysis correcting for dif-
ferences in demographic characteristics between can-
cer and non-cancer deaths, the difference in prevalence 
was no longer significant.
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56.6  Conclusion

End-of-life decisions are common in medical practice 
today. While curing illness and prolonging life have 
traditionally been the main goals of medical care, phy-
sicians sometimes need to make decisions that can, or 
are explicitly intended to, shorten a patient’s life. The 
findings shown in this report indicate that these end-of-
life decisions are particularly prevalent among patients 
dying from cancer. In most countries, decisions that 
possibly shorten life are made in more than half of all 
patients dying of cancer. This proportion is higher for 
non-sudden cancer deaths only, reaching three out of 
four patients, as data from Belgium have shown. 
Oncologists and other health-care workers dealing 
with cancer patients are relatively often confronted 
with complex medico-ethical decision-making at the 
end of life. This necessitates the integration of end-of-
life care and medical decision-making into the basic 
curriculum for physicians worldwide.
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57.1  Case Report

This 68-year-old man was admitted to our medical 
ICU for acute respiratory failure. He was from Tunisia 
and had been working in France for 40 years. He had a 
history of myocardial infarction 6 years earlier with 
persistent cardiomyopathy and an ejection fraction of 
66%. His treatment consisted of a beta-blocker, aspi-
rin, and pravastatin. He had been admitted 6 months 
earlier to the infectious diseases department for evalu-
ation of a fever with weight loss. Investigations were 
negative for infection with the HIV, hepatitis B and C 
viruses, cytomegalovirus, Mycobacterium tuberculo-
sis, Cryptococcus neoformans, and leishmaniasis. 
Osteomedullar biopsies showed Hodgkin’s lymphoma. 
He had hepatomegaly and numerous enlarged lymph 
nodes in the mediastinum and mesentery, indicating 
dacarbazine stage 4 disease.

Over the next 6 months, he received chemotherapy 
including adriamycin, vinblastine, bleomycin, and 
dacarabazine. During the first episode of aplasia, he 
had sepsis of unknown origin with blood cultures posi-
tive for Escherichia coli. Computed tomography (CT) 
of the chest showed a response to chemotherapy with 
no other parenchymatous lesions (Fig. 57.1). When he 
was seen just before the seventh chemotherapy cycle, 
he reported a 15-day history of dyspnea, chills, and a 
cough. Oxygen saturation was 88% with 10 L/min 
oxygen. He had no evidence of shock, but his body 
temperature was 39.5°C. The chest X-ray disclosed 
alveolar lesions throughout the lung parenchyma 
(Fig. 57.2). He was admitted to the ICU and intubated 
within the first few hours. His PaO

2
/FiO

2
 ratio was 

150, indicating acute respiratory distress syndrome 
(ARDS). He required vasopressors and developed 
acute renal failure requiring continuous venovenous 
hemodiafiltration on day 1.
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57.2  Diagnoses Suspected  
at ICU Admission

57.2.1  Lung Infection

Bacterial pneumonia: he was immunocompromised 
and had a fever and chills. Infection is the leading 
complication during chemotherapy [1].

Pneumocystis jiroveci pneumonia: He received no 
prophylactic treatment, and Hodgkin’s disease causes 
cellular immune deficiency. The 15-day symptom 
duration seemed long for this diagnosis, but the chest 
X-ray was compatible [2].

Invasive pulmonary aspergillosis: He had immuno-
suppression with a cellular immune deficiency and 
several episodes of neutropenia over the last few 
months. He reported no hemoptysis or chest pain, but 
this diagnosis remained consistent with the presence of 
Hodgkin’s disease.

Pulmonary tuberculosis: He was from Tunisia, 
where tuberculosis is endemic. Nevertheless, CT of 
the chest done before chemotherapy showed no lesions 
of the lung parenchyma. Sputum cultures were nega-
tive for M. tuberculosis during the evaluation in the 
infectious diseases department. The rapid progression 
and severity of the pulmonary involvement were not 
typical for tuberculosis. Serial cultures were negative 
for M. tuberculosis.

Catheter-related bloodstream infection with acute 
lung injury: He had the same catheter for 6 months, but 
reported no symptoms during any of the chemotherapy 
infusions. Nevertheless, this diagnosis remained 
possible.

Viral pneumonia: Cytomegalovirus or herpes simplex 
virus pneumonia was considered, although there were 
no suggestive clinical findings. The patient was admitted 
during the influenza season, but reported no flu-like 
symptoms before the onset of respiratory failure.

57.2.2  Noninfectious Diseases

Heart failure: He had received Adriamycin and had 
ischemic cardiomyopathy before treatment onset. The 
symptoms and chest X-ray findings were compatible 
with cardiogenic edema.

Treatment toxicity: He received bleomycin dur-
ing the first six chemotherapy cycles. This drug is 

a

b

Fig. 57.1 Computed tomography of the chest 60 days before 
ICU admission. The patient had emphysema, but no other paren-
chymal lesions. (a) Upper lobes; (b) lower lobes

Fig. 57.2 Chest X-ray at ICU admission
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associated with interstitial pneumonia and pulmo-
nary fibrosis, particularly in smokers and in patients 
given gra nulocyte/macrophage colony-stimulating 
factor [3].

ARDS related to another condition: He reported no 
extrapulmonary symptoms before the onset of respira-
tory failure. Nevertheless, he was evaluated for the 
main causes of secondary ARDS (pancreatitis and 
extrapulmonary infections).

57.3  Outcome

During the first few days, he received cephalo spo - 
rin, erythromycin, sulfamethoxazole-trimethoprim, 
and furosemide. Bronchoalveolar lavage (BAL) was 
performed on day 2 to look for infectious agents, such 
as Pneumocystis, and for arguments supporting bleo-
mycin-related pulmonary toxicity. The BAL fluid 
exhibited a normal cytological pattern with no evi-
dence of Pneumocystis by microscopic examination or 
PCR and no viruses. Bacteriological studies of the 
BAL fluid showed 2 × 104 E. coli/mm3 with resistance 
to cephalosporin. He was then given imipenem and 
amikacin. His condition deteriorated, and he had mul-
tiorgan failure with fever. Abdominal pain prompted 
an ultrasound scan of the abdomen, which showed two 
abscesses in the spleen. Transesophageal echocardiog-
raphy visualized a small vegetation on an aortic valve 
with no valve destruction, suggesting bacterial endo-
carditis. The patient died on the same day.

A postmortem lung biopsy was done and showed 
granulomas (Fig. 57.3). Tracheal aspirate cultures, 
done at admission, became positive for M. tuberculosis 
4 weeks later.

57.4  Discussion

Tuberculosis in ICU patients is still a severe disease 
associated with a high mortality rate. Few studies of 
pulmonary tuberculosis in patients requiring ICU 
admission are available. Our patient was no doubt 
exposed to M. tuberculosis during his childhood in 
Tunisia. Moreover, he had immunosuppression with 
altered cellular immunity because of Hodgkin’s disease 
and chemotherapy [1]. Cellular immune deficiency 
increases the risk of tuberculosis. Nevertheless, infec-
tions with other bacteria are far more common [1].

Pulmonary tuberculosis is often fatal in critically 
ill patients. A 2006 retrospective study in 58 patients 
reported a 25% ICU mortality rate [4]. In that study, 
45% of patients had respiratory symptoms for more 
than 2 weeks, 81% were admitted for respiratory dis-
tress, and 79% had respiratory specimens positive for 
M. tuberculosis. By multivariate analysis, factors 
associated with higher mortality were associated 
organ dysfunction (P = 0.002), sepsis (P = 0.001), 
nosocomial pneumonia (P = 0.002), and ARDS  
(P = 0.008). Our patient had three of these four risk 
factors.

A 2005 retrospective study in two French ICUs [5] 
enrolled 99 patients with pulmonary tuberculosis, 
including 22 with malignancies. Among them, 30% 
had tuberculosis diagnosed during the ICU stay. 
Symptom duration before the diagnosis was longer 
than 1 month in 34% of patients. Mortality was 26% 

a

b

Fig. 57.3 Lung biopsy. (a) Inflammatory parenchyma with 
multiple nodular lesions (×10). (b) Granuloma composed of 
lymphocytes, multinucleate giant cells, and epithelioid mac-
rophages (×40)
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and was related to the number of organ failures (OR 
per additional failing organ, 3.11), the nutritional sta-
tus (albumin <20 g/L had an OR of 3.73), and a time 
from symptom onset to treatment longer than 1 month 
(OR, 3.73).

More than 20 different causes may lead to acute 
respiratory failure in patients with hematological 
malignancies who are admitted to the ICU. The diag-
nosis relies on a systematic assessment of these pos-
sible causes using the DIRECT approach (Chap. 2 in 
the diagnosis strategy). In our patient, the time from 
symptom onset to admission was 15 days, and the 
alteration in cellular immune deficiency associated 
with Hodgkin’s disease suggested infection with 
intracellular bacteria. Radiographic findings before 
ICU admission were normal. Our patient had a history 
of ischemic cardiomyopathy, and cardiogenic edema 
was therefore a possibility. He received bleomycin 
and was a smoker. Based on these features, the most 
likely diagnoses were infection (bacterial, viral, or 
parasitic), cardiogenic edema, and pulmonary toxicity 
[1]. Bleomycin toxicity has been evaluated in a study 
of patients with Hodgkin’s disease [3]. Of 141 patients, 
18% experienced bleomycin toxicity. The ABVD 
chemotherapy regimen, granulocyte/macrophage 
 colony-stimulating factor, radiation therapy, and age 
older than 40 years were associated with bleomycin 
toxicity. Overall 5-year survival was 63% in the 
patients with bleomycin toxicity and 90% in the other 
patients (P = 0.001) [1].

M. tuberculosis could have been suspected in our 
patient based on his childhood spent in Tunisia [3]. 
Nevertheless, CT of the chest obtained 60 days before 
ICU admission showed no parenchymal lesions, nod-
ules, or sequelae of tuberculosis. The rate of symptom 
progression was unusually fast for a patient with 
tuberculosis.

The cause of acute respiratory failure in ICU 
patients remains unknown despite extensive investi-
gations in 10–20% of cases [1, 6]. A study has shown 

that postmortem examination supplied a previously 
 unrecognized diagnosis in 4% of patients overall and 
in a higher proportion of immunocompromised 
patients [6, 7]. Also, a recent comprehensive review 
on rapid growing mycobacteria concluded that the 
approach to antimycobacterial drugs may be different 
for various patients with cancer [8]. We believe that 
similar data are needed in cancer patients with myco-
bacteria to recognize clinical vignettes highly sugges-
tive of mycobacteria infections allowing early 
antimycobacterial therapy initiation in patients likely 
to receive a post-mortem diagnosis.
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58.1  Case Study

A 46-year-old woman underwent a genoidentical bone 
marrow transplant for chronic myeloid leukemia with 
myeloablative conditioning that included busulfan and 
cyclophosphamide in January 1999. Her early course 
after transplantation was not complicated by infection 
or acute graft-versus-host disease (GVHD). She had no 
history of pulmonary disease and had stopped smoking 
at the time of the transplantation (30 packs/year).

In May 1999, while she was taking cyclosporine for 
GVHD prophylaxis, she presented with biological 
liver abnormalities that were attributed to chronic liver 
GVHD. At this time, she reported recent cough and 
insidious dyspnea on exertion. No further exploration 
of the lung was initially performed. Steroids were then 
introduced (1.2 mg/kg/day prednisone). Anti-infectious 
prophylaxis consisted in amoxicillin, valacyclovir, and 
trimethoprim/sulfamethoxazole. Despite steroids, both 
dyspnea and cough increased during the 2 following 
months; the liver biology remained stable. Subsequent 
workup revealed no abnormalities on lung high-reso-
lution computed tomography (HRCT) both on inspira-
tory and expiratory cuts; pulmonary function testing 
(PFT) was within the normal range (Fig. 58.1a, b; 
Table 58.1). Bronchoalveolar lavage (BAL) recovered 
180,000 cells/mL with 76% macrophages, 9% lym-
phocytes, 15% neutrophils, and scattered atypical epi-
thelial cells resembling tumoral cells. An extensive 
search for infectious agents and for cancer was nega-
tive. Inhaled steroids were initiated with transient 
improvement of the respiratory symptoms.

Five months later, her liver biology had remained 
unchanged, but she presented with recurrent severe acute 
respiratory distress, similar to asthma exacerbations, 
that dramatically responded to b2 agonists. At this time, 
she was taking 0.5 mg/kg/day prednisone and 150 mg 
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cyclosporine. PFT revealed new evidence of significant 
improvements of forced expiratory volume in 1 s (FEV1) 
and maximal expiratory flows at low lung volumes 
(FEF) after inhalation of bronchodilators, although these 
parameters remained within the normal ranges at base-
line. Both the patient and her sibling donor had no his-
tory of asthma or allergy.

Because of the atypical clinical picture in the context 
of allogenic hematopoietic stem cell transplantation 
(AHSCT), a lung surgical biopsy was performed. Biopsy 
of the lung revealed changes consistent with the diagno-
sis of bronchiolitis obliterans (BO) (Fig. 58.2). As the 
pulmonary condition did not improve while she was 
taking steroids and she developed Cushing syndrome, 
steroids were progressively tapered. In parallel, after  
the lung biopsy, mycophe nolate mofetil was intro-
duced as well as inhaled  cor ticosteroids and long-acting  
b2-adrenergic agonist combination therapy.

Her pulmonary clinical condition remained 
unchanged with stable dyspnea on exertion and several 
“asthma-like” exacerbations. Two years after the begin-
ning of the respiratory symptoms, the frequency of the 
asthma-like exacerbations progressively decreased, but 
recurrent pulmonary infections occurred, including 
several presentations of bronchitis and  pneumonia due 
to Streptococcus pneumoniae and Pseudomonas aerug-
inosa. At this time, steroids were stopped, and the 
serum g immunoglobulin level was found to be 5 g/L. 
Exogenous immunoglobulin administration had been 
stopped 8 months prior. PFT showed a new mild 
obstructive ventilatory defect (Table 58.1); lung HRCT 
revealed new bronchiectasis in the lower lobes 
(Fig. 58.1c). Both inhaled therapy and mycophenolate 
mofetil were pursued, and tacrolimus was added to the 
regimen. During the following year, chronic cough, 
sputum, and dyspnea remained unchanged, and PFT 

Fig. 58.1 Evolution of lung high-resolution computed tomog-
raphy (HRCT). In April 1999, HRCT revealed no parenchymal 
abnormalities or air trapping on inspiratory (a) and expiratory 

cuts (b). Bronchiectasis further appeared in the lower regions of 
the lungs in December 2001 (c) and further regressed (d)
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stabilized (Table 58.1).
Because of the numerous infectious events and the 

poor efficacy of systemic immunosuppressive treat-
ment on both respiratory symptoms and PFT, tacroli-
mus and mycophenolate mofetil were progressively 
stopped 4 years after the beginning of respiratory 
symptoms. Combined inhaled treatment was pursued, 
and low-dose macrolides were introduced.

At the last follow-up, 10 years after the AHSCT, 
she was free of chronic respiratory symptoms, she had 
not presented at the emergency department for the last 
4 years, her PFT had stabilized with no severe defect 
(Table 58.1), and her lung HRCT scan had significantly 
improved (Fig. 58.1d).

58.2  Discussion

58.2.1  Was Our Patient’s Clinical Picture 
Typical of Cases of Bronchiolitis 
Obliterans Complicating 
Allogeneic Hematopoietic Stem 
Cell transplantation?

The clinical diagnosis of BO, which is the most frequent 
picture of pulmonary GVHD, is usually difficult to 
establish [1]. Dyspnea on exertion and cough are the 
most common symptoms [1]. However, within the many 
other complications related to the procedure of AHSCT, 
these symptoms may not be initially predominant for 

these patients. Furthermore, these symptoms may have 
several explanations in the context of recent AHSCT. 
First, infectious diseases must be ruled out. Next, in this 
context, shortness of breath may be associated with 
other causes, such as muscle impairment or anemia.

Our patient initially complained of usual cough and 
dyspnea on exertion. However, she subsequently pre-
sented with a more surprising clinical picture resem-
bling acute asthma despite steroid therapy. Indeed, she 
presented several times at the emergency department 
for severe bronchospasms that responded dramatically 
to bronchodilators. Neither she nor her related donor 
had a history of asthma or allergy, in contrast to 
reported patients who developed asthma after AHSCT 
from an atopic donor [13]. Although wheezing may be 
part of the lung physical examination of patients with 
BO, sudden asthma-like exacerbations are unusual.

The occurrence of any respiratory symptoms in our 
patient should have led to the consideration of BO. In 
fact, our patient’s pulmonary symptoms began 4 months 
after AHSCT, while most BOs usually occur within 
18 months after AHSCT and rarely before the third 
month [1]. Furthermore, our patient had probable 
chronic liver GVHD at the time that she developed 
respiratory symptoms. Many risk factors have been 
proposed for the development of BO post-AHSCT 
based on retrospective studies. The only consistent one 
is an association with extra-thoracic chronic GVHD, 
leading to the recognition of BO as a chronic lung 
GVHD [8]. Interestingly, in this case, liver GVHD 
resolved after the administration of steroids, while BO 
continued to develop. The busulfan-based conditioning 

a b

Fig. 58.2 Histopathological examination of surgical lung 
biopsy. (a) Fibrous scars are scattered in an otherwise normal 
lung parenchyma (H&E ×40). (b) The fibrous scar is adjacent to 

a pulmonary arterial section and corresponds to an entirely oblit-
erated bronchiole (H&S ×100)
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regimen received by our patient has also been proposed 
as a risk factor for BO [19]. Community viruses and 
respiratory tract infections have also been associated 
with airflow decline after AHSCT [7]. Of note, only a 
few nasal swabs in search of some viruses (respiratory 
syncytial virus, parainfluenza virus types 1–3, influ-
enza virus A and B, adenovirus) were performed dur-
ing the follow-up of our patient. Neither these samples 
nor the BAL recovered any of these viruses. Importantly, 
only conventional microbiological techniques were 
available at this time in our center (not molecular biol-
ogy techniques); thus, we cannot formally conclude 
the absence of a respiratory virus at any moment.

58.2.2  Was Pulmonary Function Testing 
Consistent with the Diagnosis  
of BO?

Although histological examination remains the stan-
dard diagnostic criterion for BO, lung biopsy is rarely 
performed. In fact, the diagnosis of BO syndrome is 
routinely made following the development of an 
obstructive lung ventilatory defect on PFT after 
AHSCT [8]. Therefore, the recent NIH consensus defi-
nition of BO syndrome relies on the following lung 
functional pattern: (1) decreased FEV1 (<75% of pre-
dicted normal), (2) evidence of airway obstruction 
with a ratio of FEV1 to forced vital capacity (FVC) of 
less than 0.7, and (3) elevated residual volume (RV) of 
air (>120% of predicted normal), reflecting lung hyper-
inflation. Nevertheless, these criteria may be insuffi-
cient for diagnosing BO. It is important to note that, in 
the case of the collapse of small airways, which char-
acterizes BO, air trapping may result in concomitant 
decreases of FEV1 and FVC. Thus, the FEV1/FVC 
ratio may be normal, whereas RV is ordinarily increased 
[16]. Measurement of slow vital capacity (VC) may 
then give a more correct estimate of the FEV1/VC 
ratio [16]. A decline in FEV1 of 10% to 15% of pre-
dicted normal and a decline in the predicted forced 
midexpiratory flow rate (FEF 25–75%) to less than 
70%, which is nonspecific, have also been proposed to 
identify patients with BO syndrome [23]. Finally, it 
has been shown that, in a few cases, BO can be diag-
nosed in patients with normal PFT [1].

The PFT performed before AHSCT in our patient 
was within normal limits; in particular, FEV1 was 
103%, of predicted. At the time she developed the first 

respiratory symptoms, the pulmonary functional NIH 
definition of BO could not be applied [8] because FEV1 
was still within normal range, i.e., 90% of predicted 
value. Even if, interestingly, FEV1 had decreased by 
10% of the predicted normal value, RV was 94% of the 
predicted normal value, and, unfortunately, FEF

25–75%
 

was not available. When she began developing sudden 
bronchospasms, her PFT showed normal FEV1 at base-
line, but revealed the appearance of a positive broncho-
dilator response with values of FEV1 >12% and 200 mL 
compared with baseline [16]. Reversibility of FEV1 
after bronchodilator inhalation is unusual in patients 
with BO post-AHSCT. In one of the studies that first 
described this entity, less than 10% of the patients had 
this functional characteristic [5]. In some subsequent 
studies, some authors have included the restriction that 
FEV1 must remain unchanged after bronchodilator 
testing in their functional definition of BO [17].

Three years after the beginning of respiratory symp-
toms, the FEV1/FVC ratio declined to 65%, the RV 
increased until reaching 170%, and the FEF

25–75%
 was 

<50%, whereas FEV1 remained 75% of the predicted 
normal value. Interestingly, the pulmonary functional 
defect has remained stable, with a current follow-up of 
10 years.

58.2.3  Was the Lung Computed 
Tomography Scan Informative  
for Diagnosing BO?

In regard to the difficulty in diagnosing small airway 
diseases, lung HRCT has been widely evaluated in dif-
ferent contexts, including lung transplantation, where 
BO is also a major problem [9]. Following these stud-
ies, air trapping, small airway thickening, and bron-
chiectasis on lung HRCT (with inspiratory and 
expiratory cuts) are part of the NIH definition of BO 
post-AHSCT [8]. Importantly, few studies have 
focused on BO post-AHSCT [20], and all of these 
studies have reported a high sensitivity of these abnor-
malities for the diagnosis of BO, especially air trap-
ping. Several questions arise from this assertion. First, 
evaluation of air trapping is limited to subjective inter-
pretation. Second, specificity of these signs has not 
been evaluated. Last, whether these lung HRCT abnor-
malities permit the diagnosis of BO before PFT is 
modified remains questionable. A recent study showed 
that the ranking of air trapping correlated with the 



712 A. Bergeron et al.

severity of obstructive ventilatory defect and lung 
hyperinflation, suggesting a close correlation between 
PFT and air trapping [12].

At the time that our patient presented with cough, 
dyspnea, and normal PFT, the lung HRCT scan did not 
show significant abnormalities, such as air trapping, 
small airway thickening, or bronchiectasis. Sub-
sequently, her successive lung HRCT scans revealed 
the development of bronchiectasis, while the PFT was 
only slightly altered. Unexpectedly, at the last follow-
up, when the patient was free of respiratory symptoms, 
the bronchiectasis had decreased (Fig. 58.1).

58.2.4  What About the Cell Profile  
of Bronchoalveolar Lavage  
for Our patient?

In the context of AHSCT, the BAL is performed as an 
extensive search for a pulmonary infectious disease. 
Once an infection has been ruled out, very little is 
known about the diagnostic value of cellular analysis 
of BAL. Twenty years ago, St. John et al. reported two 
distinct BAL cell profiles in AHSCT recipients with 
obstructive lung ventilatory defects. In that study, some 
of the patients had neutrophil predominance, whereas 
others had lymphocyte predominance, with no correla-
tion with the clinical outcome [21]. Consistent with 
these data, our patient had a slight increase in the neu-
trophil differential count of her BAL. Notably, we 
observed atypical cells in her BAL fluid. Imm-
unohistochemical analysis revealed that these cells 
were of epithelial origin and resembled malignant 
cells. The hypothesis of neoplasm malignant cells was 
ruled out after an extensive search for a neoplasm 
failed to detect any such malignancy. Furthermore, no 
malignant disease was diagnosed in the following 
10 years.

Marked cellular atypia may be seen in BAL fluid 
from patients with pulmonary infections, especially 
among those with viral or acute respiratory distress 
symptoms. In these settings, these cells correspond to 
bronchial cell hyperplasia and hyperplastic type II 
pneumocytes [11]. Our patient had no respiratory dis-
tress, and no pathogen was found in the BAL fluid. As 
reported for epidermal and gastrointestinal epithelial 
cells, the conditioning regimen for AHSCT may also 
be the cause of atypical cells in BAL fluids [11]. 

However, atypical bronchial cells after chemotherapy 
are usually seen within the first few weeks following 
chemotherapy, whereas our patient had undergone 
AHSCT 4 months prior. More interestingly, GVHD 
may be the source of atypical cells. Yousem noticed 
prominent alveolar pneumocyte atypia in all specimens 
obtained from patients with BO when he first described 
the spectrum of pulmonary GVHD [24]. In a recent 
study, Rochat et al. found that the presence of epithelial 
cell atypia in BAL fluid recovered from children who 
had undergone AHSCT, concomitant with respiratory 
symptoms and GVHD in other organs, may suggest the 
diagnosis of pulmonary GVHD [18]. Whether the 
cytology of BAL fluid may be a useful tool for diag-
nosing BO post-AHSCT needs further examination.

58.2.5  Was the Lung Biopsy Necessary  
for Our Patient?

Definitive diagnosis of BO post-AHSCT relies on his-
tological examination of a lung biopsy, demonstrating 
more or less complete obliteration of the lumens of 
small airways with dense fibrous scar tissue together 
with damage of the epithelium and peribronchiolar 
mononuclear infiltrate.

The lung biopsy also permits the ruling out of a dif-
ferential diagnosis, especially pulmonary infections. 
However, a lung biopsy may result in severe complica-
tions in AHSCT recipients, and thus noninvasive diag-
nostic tools are usually preferred, such as PFT or lung 
HRCT [22].

In our patient, a lung biopsy was performed 1 year 
after the beginning of respiratory symptoms. At that 
time, she had no fever, and the diagnosis of an infec-
tious disease was unlikely. However, we indicated the 
lung biopsy for several reasons: (1) the clinical picture 
was unusual, with an uncertainty of whether the symp-
toms could be related to the AHSCT; (2) we did not 
have decisive results from other diagnostic tools, such 
as PFT or lung HRCT; (3) in regard to the usual poor 
prognosis of BO post-AHSCT, it was important to 
make a definitive diagnosis in an attempt to better 
adapt the treatment.

Diagnosing BO is not always straightforward, even 
with a lung biopsy. At first look, histological examina-
tion of our patient’s lung biopsy seemed to be normal. 
This observation underlines the necessity of carefully 
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analyzing lung parenchyma in these patients. Indeed, 
in some cases of BO, the lumens of airways are entirely 
obliterated by dense fibrous scar tissue, and the atretic 
airways are identified only by their location adjacent to 
arterioles, which was the case for our patient 
(Fig. 58.1a) [24].

58.2.6  What A Posteriori Analysis  
Can Be Made for the Therapeutic 
Management of Our patient?

Our patient’s pulmonary condition worsened despite 
immunosuppressive treatments. Interestingly, her 
respiratory symptoms were serious, whereas her PFT 
was only slightly altered. Surprisingly, she developed 
bronchospasms while taking steroids. Bronchodilator 
nebulization permitted the dramatic resolution of each 
asthma-like exacerbation. Our patient was taking 
inhaled steroids and bronchodilators throughout her 
follow-up. Low-dose macrolides were added when she 
developed recurrent pulmonary infections, which then 
became less frequent. As time went on, systemic 
immunosuppressive treatment was decreased and then 
stopped, and her respiratory symptoms progressively 
regressed.

Data from the evaluation of BO post-AHSCT treat-
ment are presented only in small retrospective studies. 
In these studies, an increase of systemic immunosup-
pressive therapy is usual, similar to the treatment of 
extra-thoracic GVHD. Most of the patients do not 
respond to this treatment, and their prognosis is poor, 
with deaths due to both respiratory insufficiency and 
severe infections [4,6,17]. As illustrated by our case 
study, immunosuppressive treatment was probably 
associated with the development of infections.

By considering that immunosuppressive treatment 
is associated with an increased occurrence of infec-
tions and that its efficacy for the treatment of BO post-
ASCHT is uncertain, this treatment must be carefully 
prescribed in the absence of progressive extra-thoracic 
GVHD. In this context, close evaluation of the effect 
of immunosuppressants on pulmonary condition must 
be performed to adapt their use.

We previously reported the efficacy of a combina-
tion of an inhaled long-acting bronchodilator and ste-
roids in a group of patients with BO post-AHSCT [3]. 
Another study confirmed the potential utility of inhaled 

steroids in this context [2]. There are a few reports on 
the use of low-dose macrolides, which have anti-
inflammatory as well as anti-infectious properties, to 
treat BO both after lung transplantation and after 
AHSCT [10,14,15].

Large prospective studies are necessary to confirm 
these preliminary data and to evaluate other treatments 
to determine the optimal line of treatment. In this con-
text, the objective of these treatments should be deter-
mined: resolution of the pulmonary condition or 
stabilization. The main limitation of such an evalua-
tion will be the lack of knowledge concerning BO 
post-AHSCT pathogenesis and its natural history.

58.3  Conclusion

The presented case illustrates that the diagnosis and 
treatment of BO post-AHSCT remain challenging. It 
also shows that, although BO is known to have a poor 
prognosis, the evolution can be positive, even if there is 
no evident correlation between the evolution of the dis-
ease and the treatments. It also illustrates the associa-
tion between BO and pulmonary infections, raising the 
question of interactions between infections and BO in 
the pathogenesis of BO. New insights into the under-
standing of BO post-AHSCT are necessary, with respect 
to its pathogenesis and its clinical management.
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59.1  Introduction

Chronic lymphocytic leukemia (CLL) remains the 
most common type of leukemia in the western world, 
accounting for almost 30% of leukemias [31]. CLL 
accounts for 15,000 new cases and 4,400 deaths in the 
United States annually [31]. The actual incidence of 
CLL is thought to be underestimated as most CLL 
patients are asymptomatic and discovered incidentally 
on the basis of abnormalities detected on a routine 
blood count [53]. CLL was considered to be a disease 
of older age (median age at diagnosis of 55 years), but 
it is not unusual to diagnose CLL in patients as young 
as 35 years of age [27].

CLL is a disorder of malignant B lymphocytes char-
acterized by expression of the B cell antigens CD19 
and CD20, and expression of the T cell antigen CD5. 
The majority of patients present with lymphocytosis 
without any other disease manifestations. As the dis-
ease progresses, patients develop lymphadenopathy, 
hepatosplenomegaly and cytopenias. As the disease 
often runs an indolent course, the majority of patients 
are observed and followed clinically, and treatment is 
generally deferred in the absence of bulky adenopathy, 
B symptoms (fevers, night sweats or weight loss), 
debilitating fatigue or significant cytopenias.

Over the last two decades, there has been a dramatic 
increase in the number of neoplastic agents available 
to treat CLL, ranging from the purine analogues such 
as fludarabine, pentostatin and cladribine to monoclo-
nal antibodies rituximab and alemtuzumab [67]. These 
agents bring about impressive complete remission 
rates when used to treat newly diagnosed CLL patients 
[32, 38]. These advances in achieving durable remis-
sions, coupled with the chronic nature of this disease, 
have led to an increased frequency of complications in 
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survivors, of which pulmonary complications are an 
important cause of acute and long-term sequelae.

59.2  Pulmonary Complications of CLL

Pulmonary complications are a common cause of mor-
bidity and mortality in CLL patients. The respiratory 
tract illnesses manifest a wide array of abnormalities 
radiographically and clinically. Pulmonary infiltrates 
remain the most common radiographic presentation 
and are usually secondary to infectious complications 
[7, 47]. Other underlying etiologies for the radio-
graphic presentation of pulmonary infiltrates include 
parenchymal involvement by leukemia, alveolar hem-
orrhage, drug-related toxicity, arterial thrombosis with 
pulmonary embolism, pulmonary leukostasis and sec-
ondary malignancies [26, 28, 51]. Airway obstruction 
by hilar and mediastinal lymphadenopathy, pleural 
effusions and atelectasis are among other complica-
tions seen in CLL (Table 59.1).

In a study by Ahmed et al. [1], pulmonary compli-
cations accounted for 22.3% of hospital admissions in 
CLL patients between 1993 and 2001. The common 
presenting symptoms were dyspnea (61%), cough 

(58%), fever (56%), chest pain (12%), altered mental 
status (10%), decreased oral intake (6%), and stridor 
or hoarseness (3%). Pulmonary infiltrates were the 
most common radiographic abnormality (65% of 
patients) with multilobar involvement in 24% of the 
cases. Other radiographic findings included pleural 
effusions (24%), lung nodules, lymphadenopathy and 
lung abscesses. The median duration of hospital stay 
was 11 days. Thirty-five percent of patients developed 
respiratory failure, and 40% of the patients died during 
the same hospital stay. Mortality was associated with 
absolute neutrophil count ANC £ 0.5 × 109/L (p < 0.001), 
BUN ³ 20 mg/dL (p < 0.003), secondary malignancy 
(p < 0.005) and CLL ³ stage III (p < 0.05). The array of 
common diagnoses included pneumonias (75%), 
malignant pleural effusion and/or lung infiltrate due to 
CLL (9%), pulmonary leukostasis (4%), Richter trans-
formation or nonsmall cell lung carcinoma (3%), and 
upper airway obstruction (2%).

59.3  Infectious Pulmonary 
Complications

Infections are the most common pulmonary complica-
tion, accounting for 75% of respiratory illnesses among 
hospitalized CLL patients [1]. The pathogenesis of 
infections in patients with CLL is complex and 
multifactorial.

CLL patients have inherent defects in multiple 
arms of the immune system, including qualitative and 
quantitative defects in B and T lymphocytes, comple-
ment defects and hypogammaglobulinemia. These 
defects are compounded by the immunosuppressive 
effects of chemotherapy and monoclonal antibodies, 
such as purine analogs and alemtuzumab, as well as 
neutropenia secondary to alkylating agents and purine 
analogs [64].

Bacterial infections are the most common type of 
infection in CLL patients treated with either alkylator 
agents or purine analogues. These infections have a 
tendency to occur at mucosal sites, mainly the respira-
tory tract. The most common encountered bacterial 
organisms are those that require opsonization for kill-
ing (Streptococcus pneumoniae, Staphylococcus spp. 
and Haemophilus influenza) [11]; however, postther-
apy and hospitalizations, there is an increased risk of 
gram-negative infections, including Pseudomonas 

Infectious complications •  Bacterial infections: 
encapsulated organisms, 
gram negative

•  Opportunistic infections: 
listeria, nocardia, PCP, 
mycobacteria

•  Fungal infections: candida, 
aspergillus

•  Viral infections: CMV 
(mainly with alemtuzumab)

Noninfectious complications • Pulmonary leukostasis

• Pleural effusion

• Leukemic infiltrates

• Drug-related pneumonitis

• Bronchiolitis obliterans

•  Airway obstruction 
(intrinsic or extrinsic)

• Lung cancer

Table 59.1 Pulmonary complications in CLL
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spp., Klebsiella spp., Serratia spp. and Enterobacter 
spp. [1]. The incidence of pneumonia differs among 
different series and is related to the therapeutic agent 
used. In earlier studies patients treated with alkylators 
(such as chlorambucil) and steroids were mostly sus-
ceptible to develop pneumonia with bacterial organ-
isms, such as Staphylococcus aureus, Streptococcus 
pneumoniae, Haemophilus influenza, Klebsiella pneu-
monia, Pseudomonas and Escherichia coli [64]. Lung 
infections caused by opportunistic infection such as 
nocardia, PCP and mycobacteria are uncommon 
among patients treated with alkylator therapy alone. 
Respiratory fungal infections with candida and asper-
gillus could be seen in the context of prolonged cyto-
toxic therapy related to an extended period of 
neutropenia.

Purine analogues induce qualitative and quantita-
tive T-cell abnormalities with a significant drop in CD4 
count [36]. This explains why patients treated with flu-
darabine are at higher risk of such opportunistic lung 
infections as listeria, nocardia, mycobacteria, candida, 
aspergillous, Cryptococcus and pneumocystis. In an 
early report by Keating [34], among 68 patients who 
were treated with fludarabine, 25 patients developed 
pneumonia during the course of their therapy. The 
same group described one case of nocardia pneumonia 
among 33 patients treated with fludarabine [35]. 
Anaissie and colleagues studied 402 patients at a sin-
gle center who received fludarabine therapy alone or 
with steroids. They identified an increased incidence 
of opportunistic infections with pneumocytosis, as 
well as fungal infections with candida and aspergillus. 
The risk of developing these infections was higher in 
the context of advanced stage disease (stage III, IV), a 
history of previous chemotherapy and elevated serum 
creatinine [3]. The incidence of PCP infection was less 
than 1% among 544 previously untreated CLL patients 
who received either fludarabine and/or chlorambucil 
on the CALGB 9011 study (despite no prophylaxis). 
No cases of aspergillus infections and only two myco-
bacterial infections were identified. The risk of lung 
infections and other severe infections was significantly 
higher when steroids were part of the therapy in con-
junction with purine analogues (cladribine or fludara-
bine), and the incidence has been as high as 31% with 
cladribine therapy [66].

Although the addition of rituximab (a monoclonal 
antibody against CD20) to purine analogues worsens 
immunosuppression by depleting B cells, the incidence 

of pulmonary infections with combinations of ritux-
imab and purine analogs does not seem to be higher 
than that of patients treated with fludarabine alone. In 
a study of 224 CLL patients who received rituximab 
plus purine analogues, only three patients developed 
PCP pneumonia, two developed aspergillosis and one 
developed a CMV infection [38].

Alemtuzumab is a monoclonal antibody directed 
against the phosphatidylinositolglycan (PIG)-anchored 
CD52 glycoprotein, which is expressed in high density 
on most of normal and malignant B and T-lymphocytes, 
NK cells, neutrophils and monocytes, hence leading to 
neutropenia, a profound deficit in cellular immunity 
and a decrease in all of the mentioned cell lines [24]. 
Immune dysfunction associated with alemtuzumab 
begins shortly after initiation of therapy and can last as 
long as 9 months posttreatment [43]. In earlier studies 
where alemtuzumab was used in patients who had 
failed fludarabine therapy, 27% of the 93 patients sus-
tained grade 3/4 infectious complications, including 
cases of aspergillosis, zygomycosis, candidiasis, 
Listeria meningitis, Pneumocystis pneumonia and 
CMV reactivation despite prohpylaxis with trimethop-
rim/sulfamethoxazole and famciclovir or the equiva-
lent [37]. In another study, PCP pneumonia was seen 
in 7%, while bacterial pneumonia was seen in 14% 
among 29 patients treated with alemtuzumab without 
antimicrobial prophylaxis [50].

The diagnosis and treatment of lung infections in 
CLL patients does not differ significantly from similar 
infections in other patients; however there are a few 
unique modalities in the context of CLL worth empha-
sizing. The benefit of prophylactic intravenous immu-
noglobulin (IVIG) therapy at a dose of 400 mg/kg 
every 3 weeks, as well as other dose schedules, was 
evaluated [14, 46]. Patients treated with IVIG had 
fewer minor or moderate bacterial infections, but this 
did not translate into a reduction in major infections or 
mortality. It was found that the benefit related to IVIG 
administration did not improve quality or length of life 
and was not cost effective. There are no clear guide-
lines to direct the use of IVIG as there is no clear mor-
tality benefit with this intervention.

Prophylactic antibiotics, antiviral and antifungal 
agents have not been studied in randomized trials in 
the setting of CLL. The common practice guidelines 
are derived from several CLL treatment trials and 
anecdotal reports. It has been recommended that 
elderly patients treated with fludarabine receive 
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routine antimicrobial prophylaxis due to the increased 
risk of severe infections in these patients [57]. Antiviral 
and Pneumocystis prophylaxis is recommended for 
therapy with fludarabine plus cyclophosphamide (FC) 
as well as with FC plus rituximab. As the immune 
defects rendered by purine analog therapy as well as 
alemtuzumab may persist for several months to a year 
or two after discontinuation of therapy, prophylaxis in 
this setting should be continued for some months after 
treatment is stopped [48]. With alemtuzumab therapy, 
weekly PCR screening for CMV antigen has been 
advocated, with prompt institution of ganciclovir ther-
apy for PCR positive cases.

59.4  Noninfectious Lung Complications

59.4.1  Pulmonary Leukostasis

Pulmonary leukostasis is a potentially serious prob-
lem for patients with hematologic malignancies 
whose blast count exceeds 50,000/mm3 [69]. An 
entire chapter of this book from Dr. Vincent is dedi-
cated to pulmonary leukostasis. These patients usu-
ally present with pulmonary infiltrates, which can 
mimic an acute pneumonia. The lung and the central 
nervous system are the most commonly affected sites, 
and symptoms can be attributed to microvascular 
obstruction and sludging by leukemic cells. Respiratory 
failure can also be related to pulmonary hemorrhage 
or to direct damage to the pulmonary endothelium by 
the lysed leukemic cells [58]. Patients usually present 
with new onset shortness of breath or worsening dys-
pnea. On physical exam, patients are tachypneic, and 
lung exam reveals diffuse rales. If severe, patients 
with leukostasis can develop hypoxia, fever and pro-
gressive respiratory acidosis, all of which indicate a 
worse prognosis [21].

Although leukostasis is more common in acute 
leukemias where the blast count is elevated, it can 
still be seen in patients with CLL with extremely ele-
vated white cell counts. In a report by Ahmed et al. 
[1], 5 (3.5%) of 142 hospitalized CLL patients devel-
oped leukostasis. Four patients had an extremely ele-
vated white count of >500,000/mm3, and one patients 
had a count of 300,000/mm3 [1]. Other reports of leu-
kostasis in CLL patients are similar to the previous 

one and are mostly seen in cases where the white 
count exceeded 300,000/mm3 [5]. Diagnosis of leu-
kostasis is based on a high degree of suspicion in a 
patient with elevated white count, combined with the 
presenting symptomatology and clinical signs. Timely 
diagnosis is essential to prevent respiratory failure. 
The treatment is directed at immediate lowering 
of the white count, correcting any underlying 
 coagulopathy and avoiding measures that might 
increase blood viscosity, such as blood transfusions. 
Leukopheresis could be considered when the white 
count exceeds 500,000/mm3 or when symptoms 
develop even at lower counts [40]. Cytotoxic chemo-
therapy should be administered simultaneously 
because the effect of leukopheresis is short lived. Five 
CLL patients with leukostasis were successfully 
treated with leukapheresis and chemotherapy or che-
motherapy alone [1].

59.4.2  Pleural Effusion

Malignant pleural effusions are not uncommon in 
patients with CLL and have been reported in 7% of 
hospitalized CLL patients with advanced stage dis-
ease [1]. CLL effusions are difficult to diagnose since 
the malignant lymphocytes in the pleural fluid are 
similar morphologically to reactive lymphocytes 
[65]. The diagnosis of CLL pleural effusion is 
 confirmed by immunophenotyping [65]. Malignant 
pleural effusions are usually related to direct pleural 
involvement by CLL. The treatment of CLL effu-
sion is directed at treatment of the underlying 
 leukemia [4].

Chylothorax and hemorrhagic pleural effusions 
have also been reported in rare instances with CLL as 
complications or as presenting symptoms [63]. CLL 
should also be included in the differential diagnosis of 
patients with atraumatic chylous effusions. Chylous 
effusions in the setting of CLL have been successfully 
treated with irradiation to the mediastinum [2], with 
surgical ligation of the thoracic duct [20] or with talc 
pleurodesis [70].

As patients with CLL are at a higher risk of devel-
oping other malignancies, including lung cancer [52], 
synchronous malignancies can present as a pleural 
effusion in CLL and should always be considered dur-
ing the course of the workup [42, 59].
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59.4.3  Leukemic Infiltrates

Autopsy studies showed that 30–40% of CLL patients 
have leukemia infiltrates in the lungs [6, 7, 51]. Nine 
percent of hospitalized CLL patients had direct lung or 
pleural involvement with CLL [1]. As reported in the 
chapter from Dr. Bouros in this book, in most patients, 
leukemic infiltrates are asymptomatic, and overall 
these account for <20% of radiographic infiltrates 
noted in patients with CLL [18]. Diagnosis of leuke-
mic CLL infiltrates requires tissue confirmation and 
exclusion of infectious etiology. Lymphoid pulmonary 
involvement can be either nodular (in a perilymphatic 
distribution) or diffuse [12, 62]. Diffuse involvement 
also shows a predilection for lymphatic routes, and 
hence involvement of the bronchovascular bundles 
is common. Bronchiolocentric involvement has also 
been described with CLL [51]. CLL patients with leu-
kemic infiltrates can present with cough, chest pain, 
 hemoptysis or pleural effusions. Wheezing has also 
been described as a presenting symptom in patients 
with bronchiolocentric involvement [51]. Pulmonary 
involvement was also reported in the setting of nonpro-
gressive, therapy-responsive CLL and in one case was 
the sole site of recurrence. Berkman et al. reported 
three cases of lung involvement with low peripheral 
counts and responsive disease that were diagnosed by 
transbronchial biopsy and bronchoalveolar lavage [7]. 
The treatment of leukemic pulmonary involvement 
with CLL is directed towards systemic treatment of the 
leukemia [1]. Patients usually have a good response to 
chemotherapy with or without steroids, with radiologic 
evidence of clearance of the infiltrates [54].

59.4.4  Airway Obstruction

Airway obstruction is a rare complication seen among 
patients with CLL. It is more likely to occur in patients 
with bulky adenopathy, but tracheal obstruction was 
also reported as a presenting symptom in one patient 
[17, 68]. Airway obstruction could be related to extrin-
sic compression as in the previously reported cases or 
could be related to direct involvement of the airway. In 
5,319 patients with malignant lymphomas seen at the 
Mayo Clinic, Desanto found only nine with primary 
laryngeal involvement [19]. Firestone reported a case 

of a CLL patient presenting with airway obstruction 
secondary to subglottic involvement [22]. Management 
of airway obstruction in the setting of CLL should con-
sist initially of securing the airway and then directing 
attention towards treatment of the leukemia with che-
motherapy with or without radiation.

59.4.5  Constrictive Bronchiolitis

Constrictive brochiolitis is defined as the presence of 
new respiratory symptoms, irreversible airflow obstruc-
tion on pulmonary function testing and presence of 
patchy or diffuse air trapping on CT scan with no other 
identifiable cause for these findings [44]. It is an 
obstructive lung disease observed in different contexts, 
such as connective tissue diseases, solid organ trans-
plant, hematopoietic cell transplant, viral infections 
and drug-induced lung injury [56]. It can also be a rare 
manifestation of paraneoplastic pemphigus or parane-
oplastic autoimmune multi-organ syndrome (PAMS), 
which is a paraneoplastic syndrome with a tendency to 
involve the skin, lungs, muscles and kidneys [8]. In a 
study of 17 patients with PAMS, two thirds were sec-
ondary to either non-Hodgkin’s lymphoma or CLL. 
One patient developed bronchiolitis obliterans 2 years 
after the onset of CLL and was alive at 16 months of 
follow-up [44]. Management of bronchiolitis obliter-
ans includes effective treatment of the underlying neo-
plasm with immunosuppressive or immunomodulatory 
agents, but this has not been effective in controlling the 
disease [29]. Further studies to understand the patho-
genesis of this disorder may improve the morbidity 
and mortality associated with it.

59.4.6  Drug-Related Pulmonary Toxicity

Another etiology of pulmonary complications in CLL 
patients relates to the agents used in the treatment of 
this leukemia. Identifying drug-induced lung toxicity 
in cancer patients is always challenging due to the con-
founding factors of pulmonary malignancy, infection, 
hemorrhage and radiation toxicity. Alkylating agents 
have been known to cause pulmonary toxicity [55]. 
Cyclophosphamide has been well documented to cause 
pneumonitis in several reports [45]. Clinical features 
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of cyclophosphamide toxicity include dyspnea, fever, 
cough, parenchymal infiltrates, gas exchange abnor-
malities on pulmonary function tests and pleural thick-
ening on chest roentgenogram. Over a 20-year period, 
six patients at the Mayo Clinic were identified with 
cyclophosphamide-induced pneumonitis. Two patterns 
were described, early and late onset, with late onset 
pneumonitis having a less favorable response to drug 
discontinuation and steroids. Late onset pneumonitis 
was more likely to be associated with pleural thicken-
ing and to progress into pulmonary fibrosis [45].

Chlorambucil has also been reported to induce 
pneumonitis [13, 16, 23]. The clinical presentation is 
nonspecific including cough, dyspnea, fever and 
anorexia. Bibasilar crackles are common on physical 
exam, and chest imaging reveals a diffuse reticu-
lonodular bibasilar pattern. Diagnosis of alkylator 
toxicity is based on a histopathologic pattern includ-
ing hyperplasia of the alveolar lining with mononu-
clear cell infiltrate and focal interstitial fibrosis [13]. 
There is no correlation between the cumulative total 
dose and the development of lung toxicity since tox-
icity has been reported across a wide range of cumu-
lative doses, ranging from 540 to 8,340 mg [39]. 
Fludarabine has also been associated with pulmonary 
toxicity [10, 26, 30, 33, 41]. Helman et al. reported a 
series of 105 patients treated with fludarabine between 
1989 and 2000. Of these patients, 8.6% developed 
fludarabine-related lung toxicity defined as new onset 
fever, hypoxia, dyspnea and pulmonary infiltrates, 
for which there was no alternative explanation. There 
was no increased risk based on gender, age, history 
of underlying lung disease, previous chemotherapy 
and fludarabine regimen (fludarabine alone or in 
combination with other agents). Patients who received 
fludarabine for CLL treatment had a 13.3-fold higher 
risk of developing lung toxicity compared to those 
who received fludarabine for another indication. The 
most common radiographic finding was diffuse inter-
stitial infiltrates or diffuse interstitial-alveolar infil-
trates. The onset of symptoms after fludarabine 
treatment ranged from 3 days after the first cycle to 
6 days after the seventh cycle. Patients had a good 
subjective and objective response to steroid therapy 
with either oral prednisone or intravenous methyl-
prednisolone with a median time to response of 
4 days [26].

Alemtuzumab has been described in one case report 
as a cause of fatal pulmonary pneumonitis [15]. The 

patient developed acute respiratory failure 3 weeks 
after the administration of alemtuzumab. The workup 
was suggestive of interstitial pneumonitis, and the 
patient died of progressive respiratory failure 2 months 
after hospitalization.

59.4.7  CLL and Lung Cancer

Patients with CLL are at increased risk of second pri-
mary malignancies, including lung cancer [25, 52, 61]. 
A report from the National Cancer Institute end result 
program showed an excess risk for the development of 
a second malignancy among 9,456 patients with CLL 
when compared to the general population. The com-
mon tumors were melanoma, lung carcinoma and 
brain cancers. There was a significant excess for the 
development of lung cancer with an observed over 
expected (O/E) ratio of 1.90 [60]. Another report from 
M.D. Anderson Cancer Center showed an 11% inci-
dence of cancer among 2,028 CLL patients followed 
from 1985 to 2005. Lung cancer accounted for 6% of 
the tumors with an O/E ratio of 1.12. The reason for 
the increased risk of malignancies and in particular 
lung cancer in patients with CLL is not well under-
stood. Independent factors predicting development of 
secondary cancers among the CLL population were 
older age, male sex and elevated levels of b

2
-micro-

globulin, lactate dehydrogenase and creatinine [61]. 
One study reports an association of CLL with smoking 
and hence the increased risk of lung cancer, but immu-
nologic impairment with CLL could contribute to the 
overall risk [9].

Parekh and colleagues studied the clinical course 
of lung cancer in CLL patients. During a 22-year fol-
low-up period between 1977 and 1998, 1,329 CLL 
patients were evaluated at Memorial Sloan Kettering 
Cancer Center, and 26 patients (1.9%) developed 
lung cancer. Twenty-two out of the twenty-six sec-
ondary lung cancer patients (85%) were either cur-
rent or former smokers. The median age for diagnosis 
of CLL was 61 years, and the median age for diagno-
sis of lung cancer was 68 years. Histologically, the 26 
lung carcinomas included six squamous cell carcino-
mas, 16 adenocarcinomas, three large cell carcinomas 
and one small cell carcinoma. Ten patients had a third 
primary tumor. Thirteen patients were treated surgi-
cally, but not all patients with early stage lung cancer 
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were able to undergo surgery. Three out of the nine 
patients diagnosed with stage I lung cancer were not 
able to undergo resection because of their poor per-
formance status secondary to the underlying CLL. 
Those with advanced stage disease who required che-
motherapy tolerated it poorly, despite treatment with 
less toxic chemotherapy (mitomycin and vinblastine) 
to accommodate for the overall performance status 
[52]. Among nonsurgical patients, the median sur-
vival was 6 months, whereas the median survival of 
the surgical group was 25 months. The 6-month sur-
vival of nonsurgical CLL patients was substantially 
worse compared to advanced lung cancer patients 
without CLL [49].

59.5  Conclusions

1. Pulmonary complications are an important cause of 
morbidity and mortality in CLL patients, and 
account for more than 20% of hospitalizations.

2. The symptoms of pulmonary involvement (fevers, 
cough, dyspnea and pulmonary infiltrates) are non-
specific, and hence accurate identification of the 
correct etiology is critical to ensure an optimal 
patient outcome.

3. An understanding of the immunosuppressive nature 
of the disease itself, as well as awareness of the 
immunosuppression and toxicity associated with its 
therapy, is required to ensure timely diagnosis and 
treatment.

4. Infections remain the most common cause of pul-
monary complications and should be considered to 
be causative till proven otherwise. While bacterial 
infections with encapsulated organisms are com-
mon in untreated CLL or CLL treated with alkylat-
ing agents, opportunistic infections are common in 
patients treated with purine analogs and alemtu-
zumab, and the period of susceptibility often lasts 
for several months after the cessation of treatment.

5. Noninfectious complications are less frequent and, 
with some exceptions, usually need to be confirmed 
with a tissue diagnosis.

6. Overall, the outcome of CLL patients hospitalized 
for pulmonary complication remains poor, and 
urgent attention should be directed towards these 
patients.
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Herein, we describe a case of pulmonary veno- occlusive 
disease (PVOD) following reduced-intensity cord 
blood transplantation (CBT). A 51-year-old woman 
was hospitalized for progressive dyspnea on exertion 
and hypoxia 80 days following a second reduced-
intensity double unit CBT. Five months before, the 
patient underwent the first reduced-intensity double 
unit CBT for high-risk AML in first CR. Conditioning 
was 200 mg/m2 fludarabine, 50 mg/kg CY, 2 Gy 
TBI and 90 mg/kg antithymocyte globulin. GVHD 
prophylaxis was cyclosporine (CSP) and mycopheno-
late mofetil (MMF). Although the patient engrafted 
neutrophils on day 6, she subsequently developed 
graft failure with marginal autologous hematopoietic 
recovery by day 50. Three months after her initial 
CBT, the patient underwent salvage, second reduced-
intensity CBT following conditioning with 200 mg/m2  
fludarabine, 50 mg/kg CY and 4 Gy total body 
 irradiation (TBI). GVHD prophylaxis was CSP and 
MMF. The patient engrafted neutrophils on day 25 
and developed 100% single donor chimerism by day 
28. Computed tomography (CT) of the chest before 
the second CBT demonstrated only sub-5-mm pul-
monary nodules, stable compared to prior imaging, 
and echocardiogram revealed normal left and right 
ventricular function without evidence of pulmonary 
hypertension (estimated pulmonary artery [PA] systo-
lic pressure 19.4 mmHg). Her post-transplantation 
course was notable only for intermittently positive 
reactivation of CMV by PCR treated with foscarnet 
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and ganciclovir, and spontaneously resolved cystitis 
associated with BK virus viruria.

Two months after her second CBT, the patient was 
admitted with cough, wheezing, dyspnea and room air 
arterial oxygen saturation of 88%. The chest CT 
showed septal thickening, small bilateral pleural effu-
sions, scattered multifocal ground-glass opacities and 
patchy left lower lobe airspace opacities (Fig. 60.1). 
Bronchoscopy was negative for infections. In spite of 
improvement in the airspace disease on levofloxacin 
and furosemide, dyspnea and hypoxia persisted and 
the pleural effusions enlarged. The patient was read-
mitted 80 days following the second CBT, at which 
time CT angiography revealed no evidence of pulmo-
nary embolus, and inferior vena cava and bilateral 
lower extremity Doppler imaging revealed no evidence 
of deep venous thrombosis. Echocardiogram revealed 
moderate PA hypertension (estimated PA systolic pres-
sure 56.2 mmHg) with normal left ventricular size and 
function. Pulmonary function tests demonstrated 
forced vital capacity (FVC) 1.61 L (42% predicted), 
forced expiratory volume (FEV1) 1.4 L (46% pre-
dicted) and corrected diffusing capacity of the lung for 
carbon monoxide (DLCO) 5.2 mL/mmHg/min (18% 
predicted; baseline pre-transplantation values FVC 
3.45 l [91% predicted], FEV1 2.85 l [94% predicted], 
corrected DLCO 20.3 mL/mmHg/min [71% pre-
dicted]). Right heart catheterization demonstrated 
moderate PA hypertension (PA systolic pressure 
48 mmHg, PA diastolic pressure 15 mmHg, mean PA 
pressure 29 mmHg) with normal pulmonary capillary 
wedge pressure (4 mmHg).

Lung biopsy by thorascopic wedge resection showed 
PVOD affecting small venules and tiny parenchymal 
vessels primarily as well as mild hemosiderin deposi-
tion in intra-alveolar septa (Fig. 60.2). Autoimmune 
and vasculitis testing, including antinuclear antibody 
(ANA), anti-SCL 70, C and P anti-neutrophil cytoplas-
mic antibody (ANCAs), were negative.

The patient was placed on therapeutic unfractionated 
heparin followed by warfarin and prednisone at 1 mg/kg 
orally per day. Prednisone was continued at 1 mg/kg for 
6 weeks followed by tapering over 6 weeks. Warfarin 
was discontinued upon echocardiographic resolution  
of pulmonary hypertension. Eight months after the 
 diagnosis of PVOD, the patient’s pulmonary symp-
toms had largely resolved. The chest CT demonstrated 
 resolution of pleural effusions and septal thickening. 
FVC had improved to 3.74 L (66% predicted), FEV1 
had improved to 2.84 L (77% predicted), and DLCO 
remained stable. Echocardiogram revealed  normal right 
ventricular function without evidence of PA hyperten-
sion. Two years post transplant, the patient remains well 
without recurrence of pulmonary symptoms.

Though PVOD is a rare reported complication of 
myeloablative SCT, it has been presumed to be a regi-
men-related toxicity [1–7]. Our patient had undergone 
two CBTs, but both were of reduced intensity. Infection 
has also been suggested as a possible cause of PVOD, 
and though our patient did not exhibit an obvious 
infection, CBT patients are particularly immunocom-
promised following transplantation. The possibility of 
occult viral infection contributing to the condition 
must be considered. Finally, autoimmunity has also 

Fig. 60.2 Lung biopsy by thorascopic wedge resection showing 
PVOD affecting small venules and tiny parenchymal vessels primar-
ily as well as mild hemosiderin deposition in intra-alveolar septa

Fig. 60.1 Chest CT showing septal thickening, small bilateral 
pleural effusions, scattered multifocal ground-glass opacities 
and patchy left lower lobe airspace opacities
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been suggested as a contributing factor associated with 
PVOD, and although our patient experienced no sig-
nificant GVHD, the possibility exists of donor/host 
interactions contributing to the condition [8, 9].

The diagnosis of PVOD requires a high index of 
suspicion. Patients typically present with dyspnea on 
exertion and fatigue. CT scans may reveal smooth sep-
tal thickening, diffuse or mosaic ground-glass opaci-
ties, pleural effusions or areas of alveolar consolidation. 
Cardiac catheterization reveals normal or decreased 
PA wedge pressure with elevated pulmonary capillary 
pressures. Surgical lung biopsy provides definitive 
diagnosis [9].

Treatment recommendations for PVOD are anec-
dotal. Owing to the rarity of the condition, its natural 
history is not well defined, and milder and nonfatal 
forms with spontaneous resolution of pulmonary venu-
lar obstruction may be an under-recognized course of 
the disease. Our patient did demonstrate evidence of 
some recanalization of pulmonary vasculature on 
biopsy, and this finding may portend a more favorable 
prognosis. Steroids and heparin have been reported to 
possibly improve outcomes [3], and our patient appears 
to have had stabilization and improvement of disease 
on these agents. Defibrotide and N-acetylcysteine hold 
appeal as potential therapeutic agents, but no data have 
been reported regarding their efficacy. The role of PA 
dilators in treating PVOD is controversial. Although 
sildenafil, prostacyclins and calcium channel blockers 
have been reported to improve the symptoms in iso-
lated case reports, use of these agents warrants signifi-
cant caution given the fixed venular obstruction in 
PVOD. Dilation of the PA tree in this setting may lead 
to profound pulmonary edema [9].

PVOD should be included in the differential 
 diagnosis of dyspnea and hypoxia following reduced-
intensity transplantation and CBT. Additional case 
reports describing the condition may yield further 
insights into its etiology.
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A 66-year-old male patient successfully treated with 
remission induction and consolidation chemotherapeu-
tic regimens for acute myeloid leukemia (AML) with 
myelodysplasia-related changes according to the WHO 
classification [1] relapsed 5 months after autologous 
bone marrow transplantation. The patient, receiving 
prophylaxis with isoniazide for a latent tuberculosis 
infection documented by a Quantiferon-TB serologi-
cal test, was admitted to our department in order to 
undergo a salvage chemotherapeutic regimen (FLAG) 
consisting of cytarabine (2 g/m2 on days +1 to +5), 
fludarabine (30 mg/m2 on days +1 to +3) and granu-
locyte-colony stimulating factor (G-CSF, 5 mcg/kg/
day from day −1 to day +5). At admission the patient 
was asymptomatic, and his physical examination was 
unremarkable. Moreover, the chest X-ray performed 
before starting chemotherapy was negative. On day +1 
the patient showed mild dyspnea and bilateral inspira-
tory crackles on chest auscultation, despite normal 
pO

2
 on blood gas analysis. On day +2 after the admin-

istration of high-dose cytarabine had been started, he 
became febrile (temperature 38.4°C) (Fig. 61.1) and 
continued to show mild dyspnea in the absence of 
chest pain or cough. Blood tests were consistent with 
self-limiting disseminated intravascular coagulation 
in the absence of bleeding, probably due to leukemic 
cell lysis. Blood gas analysis on room air documented 
moderate hypoxemia (pO

2
 62 mmHg), and chest 

X-ray showed an area of consolidation in the left 
lower lobe and bilateral pleural effusions, especially 
on the left side (Fig. 61.2a). Chest high-resolution 
computerized tomography (HRCT) was performed 
on day +3 (Fig. 61.2b), confirming the presence of  
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bilateral  pleural effusions and showing bilateral patchy 
consolidations in the lower lobes. The occurrence of 
respiratory symptoms in leukemic patients accompa-
nied by lung infiltrates documented on either chest 
X-ray or HRCT may be attributed to either infectious 
or noninfectious causes [2–4]. The radiological find-
ings disclosed in our patient are not pathognomonic 
for a specific process, so that an early and appropriate 
differential diagnosis is essential for clinical manage-
ment. Patchy consolidations, with or without areas 
of ground-glass opacities, and pleural effusions, may 
be caused by several infectious agents [4], including 
bacteria, fungi, Pneumocystis jiroveci and, although 
rarely, viruses [4, 5]. An empirical antibiotic therapy 
with piperacillin-tazobactam and azithromycin was 
started in our patient, who was febrile and considered 
at high risk for systemic infections because of leuke-
mia relapse, even though he was not neutropenic, with 
neutrophils being 4.6 × 109/L at that time point under 
treatment with G-CSF. Serological, cultural and molec-
ular examinations (SCME) of biologic fluids (namely 
blood, urine, feces cultures, CMV and Galactomannan 

antigenemia, and urinary Legionella antigen) did not 
disclose any infectious agent. Furthermore, the patient 
underwent bronchoscopy with bronchoalveolar lavage 
(BAL). BAL samples were not hemorrhagic, and their 
extensive microbiologic analyses showed negative 
results for the most common bacterial, fungal and viral 
pathogens. When an infectious agent is not detected, 
several other noninfectious causes of lung infiltrates 
should be considered and investigated in leukemic 
patients, such as pulmonary edema due to heart fail-
ure [4], metabolic dysfunctions (namely renal failure, 
hypoalbuminemia and pancreatitis) [6], pulmonary 
leukostasis or leukemic infiltrates, even in the absence 
of leukocytosis or peripheral blastosis [7], alveolar 
hemorrhage and transfusion-related acute lung injury 
[4]. The above-mentioned causes of lung infiltrates 
were excluded in our patient (Table 61.1). From day 
+3 he became apyretic (Fig. 61.1), asymptomatic 
and blood gas analysis normalized, without stopping 
the administration of chemotherapy. A chest X-ray, 
performed 72 h later, showed complete resolution of 
the radiological features described above (Fig. 61.2c). 
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Fig. 61.1 Fever chart of the 
leukemic patient treated with 
high-dose cytarabine. Graph 
shows onset and subsequent 
resolution of fever and the 
timing of radiological 
examinations (chest X-ray 
and HRCT) indicated by 
arrows. “O hours” indicates 
the start of administration of 
chemotherapy

Fig. 61.2 Radiological examinations in the leukemic patient 
receiving high-dose cytarabine. Early lung infiltrates (bilateral 
patchy consolidations in lower lobes and bilateral pleural effu-

sions) characterized by chest X-ray and HRCT (a, b); com-
plete and spontaneous resolution in 72 h documented on chest 
X-ray (c)
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The prompt resolution of the febrile condition, in the 
absence of disclosure of infectious agents by biologic 
fluid SCME, as well as the very early and complete 
disappearance of clinical symptoms and of radio-
logical findings, as documented by subsequent chest 
X-ray, cannot be ascribed to the few days of empiri-
cal antibiotic therapy and argue against an infectious 
etiology. Having excluded other noninfectious causes, 
the pulmonary symptoms and radiological features 
demonstrated by our patient 24 h after starting chemo-
therapy were most likely induced by the administra-
tion of high-dose cytarabine.

Cytarabine, a pyrimidine nucleoside analogue intro-
duced into clinical regimens for cancer therapy in 1964, 
is still one of the most effective drugs for the treatment 
of adult acute leukemia. The toxicity of cytarabine can 
be represented either by minor side effects like exan-
thema, fever and elevation of hepatic enzymes, which 
are relatively frequent although rarely represent a ther-
apeutic problem, or by major adverse effects, including 
myelosuppression, oral and gastrointestinal mucosal 
damage, keratoconjunctivitis and neurotoxicity, which 
can determine serious clinical problems, sometimes 
requiring the definitive interruption of treatment [8, 9].

Several cancer therapeutic drugs are known to 
induce pulmonary toxicity, which may result in a broad 
spectrum of clinico-pathologic syndromes with minor 
to severe consequences for the patient. Potentially fatal 
pulmonary toxicity has been described in leukemia 
patients treated with cytarabine, especially at interme-
diate to high doses. This clinical entity, occurring in 
about 12–20% of patients a median of 1–2 weeks 
(range 1–21 days) after chemotherapy, has been defined 
as noncardiogenic pulmonary edema (NCPE) or acute 
lung injury [6, 10–19]. It typically presents as a sub-
acute syndrome characterized by severe dyspnea, 

cough, tachypnea, low grade fever, severe hypoxemia, 
crackles on chest auscultation and confluent alveolar 
consolidation on standard chest X-ray. NCPE is usu-
ally characterized by abrupt onset of severe symptoms, 
which, if not fatal, can be reversed only with discon-
tinuation of the administration of cytarabine and imme-
diate start of intensive support treatment, including 
high-dose systemic steroids, mechanical ventilation 
and pressure support [6, 10–19]. Anecdotally, the asso-
ciation between administration of cytarabine and the 
onset of organizing pneumonia (COP) has been 
reported in the literature [20, 21]. COP is an uncom-
mon fibrotic diffuse lung disorder, histopathologically 
defined as granulation tissue plugging into the lumens 
of small airways, extending, in a continuous fashion 
into alveolar ducts and alveoli. It is generally charac-
terized by the subacute onset of respiratory symptoms 
resolving in the majority of cases (65–80%) with the 
administration of steroids. The response to corticoster-
oids is impressive, because clinical manifestations 
improve within 48 h, but complete resolution of radio-
graphic pulmonary infiltrates takes several weeks. 
However, spontaneous, slow improvement only occa-
sionally occurs, whereas in other cases, symptoms may 
persist with chronic and disabling cough and dyspnea 
and may be life threatening, especially in the case of 
recurrence [22–25].

We have recently widened the spectrum of clinical 
features of cytarabine-related pulmonary toxicity, report-
ing on three leukemic patients who developed fever, 
mild dyspnea, moderate hypoxemia on blood gas analy-
sis and lung infiltrates documented by either chest X-ray 
or HRCT 24 h after the administration of high-dose 
cytarabine [26]. The disappearance of symptoms and the 
complete resolution of radiological signs were obtained 
in 48–72 h. While the radiological signs resemble those 

Patient 
age/
diagnosis

SCME on 
biological 
fluids

Echocardiogram 
before starting 
chemotherapy 
(EF%)

ECG at 
presentation 
of symptoms

Renal function at 
presentation of 
symptoms, 
creatinine (mg/dL)

Albuminemia 
on the day 
before starting 
chemotherapy 
(g/dL)

Pancreatic 
enzymes 
(U/L)

66 years/ 
AML

Negative Normal (55%) Normal Normal (0.80) Normal (3.9) Amylase 16 
lipase NA

Table 61.1 Clinical evaluation of possible causes of lung infiltrates (cardiac or metabolic dysfunctions, infectious agents) other 
than cytarabine in our leukemic patient

Normal values in our laboratory: creatinine 0.6–1.4 mg/dL for male, 0.6–1.2 mg/dL for female; albumin 3.5–5 g/dL; amylase 1–100 
U/L; lipase 1–60 U/L
SCME indicates serological, cultural and molecular examination of biologic fluids (blood, urine, feces, BAL cultures, CMV and 
Galactomannan antigenemia, urinary Legionella antigen), AML acute myeloid leukemia. EF% ejection fraction, ECG electrocardio-
gram, NA not available
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Reference Patients 
presenting 
lung 
toxicity 
(N)

Median 
age (years) 
of patients 
(range)

Status of 
hemato-
logic 
disease (N)

Cytarabine dosage Median time 
(days) of 
onset of 
symptoms 
from start of 
chemother-
apy (range)

Clinical 
outcome (N)

Haupt  
et al. [10]

10 early;  
18 late 
occurrence

39 (1–85) 28 REL Intermediate (7.5–30 mg/
kg/day)

0–3; 4–30 28 Deaths 
(autoptic data)

Andersson  
et al. [11]

16 35 (16–68) 16 REL High (3 g/m2 every 12 h 
for 4–12 doses)

16 (2–21) 15 Recoveries, 1 
deatha

Tham  
et al. [15]

15 29 (15–57) 15 first-line  
therapy

Intermediate (1 g/m2 every 
12 h for 6 days); high  
(3 g/m2 every 12 h for 
4 days )

16 (8–20) 13 Recoveries, 2 
deathsa

Jehn  
et al. [16]

7 40 (17–64) 7 REL/REF Intermediate (1 g/m2 every 
12 h for 6 days); high (3 g/
m2 every 12 h for 4 days)

NA (1–14) 3 Recoveries, 4 
deaths

Andersson  
et al. [12]

14 39 (22–66) 14 REL High (3 g/m2 every 6–12 h 
for 6–12 doses OR 3 g/m2 
every 12 h for 2 doses, 
followed by 1.5 g/m2 over 
24 h for 3–4 days)

8 (1–29) 4 Recoveries, 10 
deaths

Shearer  
et al. [17]

5 NA (4–12) 5 REL Intermediate/high 
(1.0–1.5 g/m2 over 24 h for 
5 days)

8 (3–38)b 2 Recoveries, 3 
deaths

Salvucci  
et al. [14]

2 14, 31 1 PR High (4 g/day for 5 days) 1, 7 2 Recoveriesa

1 REL

Larouche  
et al. [18]

1 72 1 First-line 
therapy

Standard (200 mg/m2 over 
24 h for 7 days)

3 1 Recoverya

Forghieri  
et al. [26]

3 53, 51, 66 2 First-line  
therapy

High (3 g/m2 every 12 h on 
day 1, 3, 5, 7 OR 2 g/m2 for  
5 days)

1 3 Recoveriesa

1 REL

Yegln  
et al. [19]

1 17 First-line  
therapy

High (3 g/m2 every 12 h on 
days 2, 3)

4 1 Recoverya

Table 61.2 Revision of the clinical data available from cases of cytarabine-related lung toxicity reported in the literature

Patients affected with BOOP secondary to cytarabine administration were not included in this table
N number of cases, PR partial remission, REL relapsed, REF refractory, NA not available
aIndicates that some patients of the series received corticosteroids
bIndicates that one patient presented respiratory symptoms 38 days after the first course of cytarabine, but a second course had been 
already administered just before the onset of symptoms

typically detected in both NCPE and COP, which can be 
characterized by signs of alveolar or interstitial opacifi-
cation, surrounded sometimes by ground-glass areas, 
and pleural effusions, our cases showed a more indolent 
behavior and a benign clinical outcome compared to 
cases previously reported in the literature. Of note, our 
patients developed a sudden onset of symptoms after 
starting to receive the drug, but, despite the severity of 
radiological findings, the symptoms rapidly improved 

and were self-limiting, with only mild dyspnea and 
moderate hypoxemia on blood gas analysis [26].

Cytarabine-induced pulmonary toxicity is probably 
related to a cytokine-mediated mechanism involving 
tumor necrosis factor-alpha and platelet-activating fac-
tor, which determine inflammatory response with alve-
olar damage and increased vascular permeability [27]. 
Most of the reported patients were affected with 
relapsed leukemia (Table 61.2), so it cannot be 
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excluded that heavily pretreated patients could be more 
exposed to a possibly more severe pulmonary toxicity. 
From the review of the literature [6, 10–19, 26], cytar-
abine-related pulmonary toxicity occurs more fre-
quently in patients with relapsed leukemia (72 out of 
92 reported cases) than in patients with “de novo” leu-
kemia (20 out of 92 patients). In the former group, a 
more severe course, often fatal (46 out of 72), is 
observed; in the latter group, only 2 out of 20 patients 
died from lung toxicity. Of note, most of the reported 
patients underwent standard chest X-ray examinations, 
whereas the performance of HRCT at a very early 
phase would probably allow better characterization of 
severe radiological findings in the absence of a corre-
sponding severity of the clinical symptoms. Thus, the 
incidence of cytarabine-related lung infiltrates may be 
underestimated so that the early performance of HRCT 
in leukemic patients treated with intermediate to high-
dose cytarabine at onset of respiratory symptoms, even 
if of mild entity, should be recommended. Recently, 
mild dyspnea in a febrile context has been reported as 
an early complication of Ara C therapy, with diffuse 
bilateral centrilobular micronodules with upper lobe 
predominance [28].

Because the diagnosis of cytarabine-induced pul-
monary toxicity in the setting of leukemic patients is 
an exercise of exclusion of several other causes of lung 
infiltrates, an aggressive diagnostic approach, includ-
ing invasive procedures such as bronchoscopy with 
BAL and transbronchial biopsy sampling, unless con-
traindicated, should be performed [4, 6]. Of note, the 
subsequent complete resolution of radiological find-
ings should be promptly documented by either chest 
X-ray or HRCT as soon as the fever and the respiratory 
symptoms disappear.

As far as the therapeutic approach to patients with 
cytarabine-related pulmonary toxicity is concerned, it 
is not possible to define a formal management guide-
line simply based on the scanty data reported from the 
literature. Decisions about temporary or definitive dis-
continuation of cytarabine or about the introduction of 
systemic steroid therapy, which could lead to dramatic 
improvement and favorable outcomes, also in the most 
critical patients [6, 18, 19], should be based upon a 
careful evaluation of the clinical status (respiratory 
symptoms, fever, blood gas analysis and state of hema-
tologic disease). The role of corticosteroids or any 
other therapeutic support in this clinical setting should 
be evaluated in clinical trials. However, the reported 

high incidence of cytarabine-related lung toxicity in 
relapsed leukemia patients may suggest introducing 
pre-medication with low-dose dexamethasone in this 
patient subgroup. In conclusion, cytarabine-related 
toxicity should be considered among the possible 
causes of lung infiltrates in patients with hematologic 
malignancies.
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62.1  Case Presentation

A 66-year-old woman was admitted to the ICU because 
of acute respiratory failure with a fever. She was from 
French Guyana, where she had last traveled 20 years 
earlier, and she had been living in Europe for 50 years. 
Chronic myelogenous leukemia had been diagnosed 
10 years earlier and treated with hydroxyurea and mer-
captopurine. Transition to the accelerated phase had 
occurred 8 months before admission (8% blast cells in 
bone marrow). She had a history of retinal vasculitis 
4 years earlier with a good outcome after 2 years of 
corticosteroid therapy.

She had been in her usual state of health until 
3 months before admission, when she started experienc-
ing a fever and arthritis of the right knee. She was treated 
first with antibiotics and nonsteroidal antiinflammatory 
drugs. The knee aspirate contained abundant protein 
(42 g/L) and polymorphonuclear cells (50,000/mm3) 
without crystals or pathogens. Prednisone (0.5 mg/kg/
day) failed to improve the symptoms, and she was 
admitted to an infectious diseases ward. Her body tem-
perature was 40°C. The right knee was swollen and 
painful, and she had several oral ulcers. The lung and 
heart sounds were normal. She had hepatomegaly with-
out lymphadenopathy or splenomegaly. Routine labora-
tory values were unremarkable except for high 
C-reactive protein (143 mg/L) and tenfold increases in 
alkaline phosphatase and gamma-glutamyltransferase. 
Serological tests for Yersinia, Brucella, and HIV were 
negative. Examination of a surgical synovial biopsy 
from the right knee revealed a polymorphonuclear cell 
infiltrate without pathogens. The hepatic biopsy was 
considered normal. Antituberculosis therapy was begun. 
The fever persisted, and the patient was referred to a 
hematology ward. Fever related to the hematological 
malignancy was considered, and chemotherapy with 
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thiotepa and etoposide was administered. The following 
day, her respiratory status deteriorated with polypnea, 
hypoxemia, bilateral crackles, and diffuse infiltrates on 
the chest X-ray. She was admitted to the ICU.

Empirical antibiotic therapy with cefepime, vanco-
mycin, and gentamicin was initiated. Histoplasmosis 
was suspected because of the combination of oral 
ulcers, fever, and pneumonia in a patient from an 
endemic area. Amphotericin B deoxycholate (1 mg/
kg/day) was begun. CT of the chest showed micronod-
ules and ground-glass opacities with peribronchovas-
cular thickening (Fig. 62.1). Fiberoptic bronchoscopy 
with bronchoalveolar lavage and knee aspiration were 
performed. The diagnosis of Histoplasma capsulatum 
var. capsulatum histoplasmosis was confirmed by 
visualization of small budding yeasts in the bronchoal-
veolar fluid and knee aspirate. Similar yeasts were 
identified in the liver when the hepatic biopsy was 
reexamined. Two days later, her respiratory status 
worsened, requiring mechanical ventilation. Blood and 
tracheal aspirate cultures were negative. Multiorgan 
failure developed, and the patient died 1 week later.

62.2  Comment

This case report emphasizes the diagnostic challenges 
raised by histoplasmosis [1], particularly outside 
endemic areas.

Histoplasma capsulatum var. capsulatum is a dimor-
phic fungus. Histoplasmosis is endemic in certain areas 
of North, Central, and South America, Africa, and 

Southeast Asia [2, 3]. A few native cases have been 
reported in northern Italy. Contamination occurs via 
the inhalation of aerosols containing the mycelial phase 
of H. capsulatum. Activities at risk for exposure include 
caving, cleaning chicken coops, and building demoli-
tion [4]. Outbreaks have been related to public works 
and air-conditioning-system contamination. Laboratory 
staff can be contaminated by inhalation or percutane-
ous inoculation. Transmission of histoplasmosis by 
organ transplantation has also been reported [5]. Except 
in this last situation, inter-human transmission never 
occurs, and histoplasmosis develops only in patients 
who are living or have lived in endemic areas after 
acute exogenous exposure or reactivation of a latent 
infection.

Pulmonary and disseminated histoplasmosis may 
occur in immunocompromised hosts including, in rare 
cases, patients with hematological malignancies [2, 3]. 
Cases have been reported in patients with Hodgkin’s or 
non-Hodgkin’s lymphoma, acute leukemia, chronic 
leukemia, and hairy cell leukemia [6]. Histoplasmosis 
may be the first manifestation of the hematological 
malignancy or may appear as an opportunistic infec-
tion following immunosuppressive therapy [7]. Few 
epidemiological data are available, but histoplasmosis 
seems uncommon in patients with hematological 
malignancies, even in endemic areas. Only 1% of pedi-
atric patients treated for hematological malignancies at 
an oncology center in an endemic area had histoplas-
mosis [7]. No patients were diagnosed with histoplas-
mosis in a review of 137 allogeneic bone marrow 
transplant recipients from a hyperendemic area [8]. 
Hematological malignancy was the risk factor for his-
toplasmosis in 10% of patients with disseminated 
 histoplasmosis managed at a medical center in a non-
endemic area [9].

Acute pulmonary histoplasmosis usually follows 
airborne contamination (incubation, 1–3 weeks). 
Symptoms include fatigue, a fever, and a dry cough. 
The chest X-ray and CT scan show diffuse reticu-
lonodular infiltrates and, in some cases, lymphadenop-
athy (Fig. 62.2). Severe disease with acute respiratory 
distress may occur in the event of massive inoculation 
or in immunocompromised hosts. Other complications 
consist of arthritis, pericarditis, and mediastinal syn-
dromes (mediastinal granuloma, mediastinal fibrosis, 
broncholithiasis).

Fever, night sweats, weight loss, and fatigue are the 
most frequent symptoms of disseminated histoplasmosis. 

Fig. 62.1 CT scan aspect of histoplasmosis in a patient at the 
accelerated phase of chronic myelogenous leukemia
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The presentation is usually subacute (1–3 months), but 
acute illness is not rare. Adenomegaly and hepatospleno-
megaly are commonly noted. Mucocutaneous lesions 
including oral ulcers, papules, maculopapules, and ulcer-
ated plaques are highly evocative [10, 11]. Gastrointestinal 
signs are frequent but nonspecific (diarrhea, abdominal 
pain) [12]. Central nervous system involvement, includ-
ing lymphocytic meningitis, focal brain or spinal lesions, 
and seizures, is severe but rare [13]. Hemophagocytic 
syndrome has been associated with disseminated histo-
plasmosis [14].

The diagnosis relies on culturing, histopathology, 
and antigen and antibody tests [15]. Culturing is the 
definitive test for establishing the diagnosis of histo-
plasmosis, but H. capsulatum grows slowly (up to sev-
eral weeks) and should be manipulated in P3 laboratories 
as the mycelial phase can cause human contamination. 
Cultures can be performed on samples of blood, bone 
marrow, or any affected site. Blood culture sensitivity 
is enhanced by using the lysis-centrifugation system. 
Histopathology and direct examination provide faster 
results. H. capsulatum var. capsulatum appears as char-
acteristic intracellular yeasts within tissue macrophages. 
The Gomori-Grocott stain is positive (Fig. 62.3). 
Histoplasma capsulatum var. capsulatum yeasts are 
small (2–5 mm), ovoid, budding yeasts (Fig. 62.3), 

whereas Histoplasma capsulatum var. duboisii yeasts 
are larger (8–15 mm) and oval (Fig. 62.4). Yeasts may 
be visible in a peripheral blood smear phagocyte in 
patients with T-lymphocyte impairment, resulting in a 
high fungal burden. Detection of the Histoplasma anti-
gen is available only in the USA and can be performed 
in blood, urine, cerebrospinal fluid, and bronchoalveo-
lar lavage fluid. This test is highly sensitive and specific 
[16]. Histoplasma antigen level monitoring may be 
useful to detect relapses early [17]. The galactomannan 
test may be positive in patients with disseminated his-
toplasmosis [18, 19]. This cross-reactivity must be 
known to avoid diagnostic delays [20] and may be 
useful for physicians outside the USA [18]. The 

Fig. 62.2 Chest X-ray of a 46-year-old man with disseminated 
histoplasmosis showing diffuse reticulo-nodular infiltrate

Fig. 62.3 Yeast form of Histoplasma capsulatum var. capsula-
tum. Skin biopsy of a patient with disseminated histoplasmosis. 
Grocott staining, magnification × 100. The arrow indicates a 
small budding yeast typical of Histoplasma capsulatum var. 
capsulatum

Fig. 62.4 Yeast form of Histoplasma capsulatum var. duboisii. 
Skin biopsy of a patient with disseminated histoplasmosis. 
Grocott staining, magnification × 100
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b-glucan test may be positive, but its specificity is too 
low (0.68) to provide the diagnosis, and its sensitivity is 
not high enough (0.87) for screening [21]. In immuno-
compromised patients, antibody detection performs 
less well than in normal hosts and therefore should not 
be used. Immunodiffusion assays and complement fix-
ation assays are available, the latter being less specific 
and more sensitive [15]. A positive test indicates that 
the patient is at risk for histoplasmosis. A negative test 
does not rule out histoplasmosis.

Diagnostic criteria for histoplasmosis have been pro-
posed by the Mycoses Study Group of the European 
Organization for Research and Treatment of Cancer 
(EORTC/MSG) [22] and are summarized in Table 62.1.

Prognostic factors have been investigated in AIDS 
patients [23–26]. Renal failure, dyspnea, requirement 
for mechanical ventilation, albumin level <3.5 g/dL, 
hemoglobin level <8 g/dL, platelet count <100 g/L, 
and lactate dehydrogenase level more than twice the 
upper limit of normal have been associated with severe 
disease or death [23–26].

Amphotericin B and itraconazole are the best 
evaluated drugs for the treatment of histoplasmosis 
and should be used as first-line therapy. Voriconazole 
[27] and posaconazole [28, 29] have been used suc-
cessfully. Fluconazole should not be used because 

of the risk of failure related to the emergence of 
resistant strains [30]. Similar recommendations 
have been issued for voriconazole [31, 32]. No data 
support the use of combination antifungal therapy. 
Maintenance therapy is required because of the high 
relapse rate in immunocompromised patients as 
long as the immune deficiency persists. Guidelines 
for the management of patients with histoplasmosis 
were recently endorsed by the Infectious Diseases 
Society of America [32]. Data about immunocom-
promised patients are mainly extrapolated from 
studies of AIDS patients with disseminated histo-
plasmosis. The initial treatment should be guided 
by the severity of the disease in both pulmonary and 
disseminated histoplasmosis. Liposomal amphot-
ericin B (3 mg/kg/day) proved superior to the 
deoxycholate formulation of amphotericin B in 
AIDS patients with disseminated histoplasmosis 
(significant decreases in mortality and renal failure) 
[33] and should be used in patients with severe dis-
ease [32]. Patients who have moderately severe dis-
ease and who are at low risk for nephrotoxicity may 
receive amphotericin B deoxycholate (0.7–1 mg/kg/
day), whereas patients with mild disease may 
receive oral itraconazole (200 mg twice daily). The 
duration of initial amphotericin B treatment can be 
reduced to 1–2 weeks, after which itraconazole is 
given. The total treatment duration should be at 
least 12 months in case of disseminated disease, 
and probably of pulmonary disease in an immuno-
compromised host. Lifelong therapy with itracon-
azole (200 mg/day) may be required if the 
immunosuppression persists. Monitoring of the 
itraconazole blood concentration is recommended 
[32].

Prophylaxis may be discussed in patients scheduled 
to receive immunosuppressive therapy [32]. No crite-
ria for identifying patients at high risk for histoplasmo-
sis are available. However, patients with a recent 
history of histoplasmosis are probably at higher risk 
for a new episode and may benefit from itraconazole 
prophylaxis.

Histoplasmosis is a rare but severe opportunistic 
infection in patients with hematological malignan-
cies. Awareness of this disease among clinicians is 
crucial to avoid diagnostic delays. Patients should be 
asked routinely about previous places of residence 
and travel in order to identify individuals at risk for 
histoplasmosis.

Table 62.1 EORTC/MSG criteria for the diagnosis of  histo-
plasmosis [22]

Proven histoplasmosis

Illness consistent with histoplasmosis

And one of the following

Recovery of Histoplasma capsulatum in culture from 
an affected site or from blood

Presence of characteristic intracellular yeasts in a 
phagocyte in a peripheral blood smear or in tissue 
macrophages

Probable histoplasmosis

Host factors including prolonged use of corticosteroids at 
a mean minimum dose of 0.3 mg/kg/day of prednisone 
equivalent for >3 weeks, treatment with recognized T-cell 
immunosuppressants, such as cyclosporine, TNF-
blockers, inherited severe immunodeficiency

And illness consistent with histoplasmosis

And mycological evidence such as a positive 
Histoplasma antigen test result from urine, blood or 
cerebrospinal fluid
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63.1  Case Report

This 77-year-old man had a history of hypertension 
well controlled by hydrochlorothiazide and ranipril 
and of prostate cancer treated with hormonotherapy. 
A routine blood count showed 52 × 109/L leukocytes 
with an increase in intermediate myeloid cells, indi-
cating chronic myelogenous leu kemia. A bone mar-
row examination revealed mye -loid hyperplasia and 
presence of the Philadelphia  chro mosome. He was 
started on imatinib at a dosage of 400 mg/day. Over 
the next 3 weeks, the leukocyte count dropped to  
2.2 × 109/L.

Four weeks after starting imatinib therapy, he devel-
oped dyspnea on exertion that worsened to the point 
where he was unable to perform the activities of daily 
living. He was comfortable at rest and denied cough, 
orthopnea, or paroxysmal nocturnal dyspnea. He was 
seen at the emergency department, where he was afe-
brile with a respiratory rate of 26/min, 85% oxygen 
saturation on room air, and scattered rhonchi by lung 
auscultation. The chest radiograph visualized bilateral 
patchy interstitial infiltrates and a focal infiltrate in the 
lower right lung (Fig. 63.1). He was admitted to the 
medical intensive care unit (ICU) for respiratory sup-
port and a diagnostic workup after undergoing high-
resolution computed tomography (HRCT) of the lungs, 
which ruled out pulmonary embolism and showed bilat-
eral interstitial infiltrates with ground-glass opacities 
and pleural thickening (Fig. 63.2). He was started on 
oxygen therapy and noninvasive mechanical ventilation 
(NIV). Imatinib was discontinued. Furosemide was 
started despite normal findings from echocardiography 
and a brain natriuretic peptide (BNP) assay. Cefotaxime 
and azythromycin were started. His leukocyte count 
was 5.7 × 109/L, his hemoglobin level was 10.8 g/dL, 
and his platelet count was 503 × 109/L. Findings were 
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negative from blood cultures and tests for urinary anti-
gens of Legionella pneumophila and Streptococcus 
pneumonia. Bronchoscopy with bronchoalveolar lavage 
(BAL) was performed on day 2 after ICU admission. 

No macroscopic abnormalities were seen. The BAL 
fluid was clear and contained 360 × 109/L with 70% 
macrophages, 15% eosinophils, 10% lymphocytes 
(CD4/CD8 ratio, 0.9), 5% neutrophils, no hemosiderin-
laden macrophages, and no proteinaceous material. 
Bacterial BAL cultures showed no growth. Stains and 
cultures were negative for Pneumocystis jiroveci and 
other fungi, Toxoplasma gondii, viruses (adenovirus, 
respiratory syncytial virus, influenza virus, parainfluen-
zae virus, herpes virus, and cytomegalovirus). Bronchial 
biopsies showed no specific lesions. No malignant cells 
were identified. Clinically, volume depletion developed, 
and the dyspnea and hypoxemia remained unchanged. 
Hypersensitivity pneumonitis related to imatinib was 
suspected, and prednisone was introduced at a dosage 
of 1 mg/kg/day. Over the next 4 days, the dyspnea began 
to improve, allowing NIV discontinuation and discharge 
from the ICU on day 7. A chest radiograph and HRCT 
done about 2 weeks later showed fading of the pulmo-
nary infiltrates. The dyspnea and oxygen requirement 
diminished over the next month. Imatinib was reintro-
duced and prednisone tapered to 0.2 mg/kg/day without 
recurrent pulmonary symptoms.

Imatinib mesylate is a targeted therapy that is highly 
active in patients with CML or GIST. Some CML are 
characterized by constitutive activation of a tyrosine 
kinase (Abelson murine leukemia viral oncogene 
homolog or ABL) in a fusion oncoprotein (BCR-ABL) 
produced by the Philadelphia chromosome; Some 
GIST are characterized by a c-transmembrane receptor 
tyrosine kinase known as C-KIT. Imatinib inhibits both 
BCR-ABL and C-KIT, as well as the tyrosine kinase of 
the platelet-derived growth factor (PDGF) receptor and 
its associated pathways. Commonly reported side 
effects include nausea, diarrhea, fluid retention, fatigue, 
skin rash and, in 5% of cases, gastrointestinal or 
intraabdominal hemorrhage [1]. The mechanisms 
underlying TKI toxicity are unclear. Nausea and vom-
iting may be related to local irritation by the compound 
and the other side effects to pharmacological effects of 
tyrosine kinase inhibition. For example, diarrhea may 
be ascribable to inhibition of C-KIT, which is highly 
expressed by the intestinal pacemaker cells. Inhibition 
of C-KIT, which is also expressed on skin basal cells, 
melanocytes, and mast cells, has been implicated in the 
occurrence of imatinib-associated skin rash [2, 3]. 
Furthermore, prolonged PDGF inhibition by imatinib 
has also been implicated in imatinib-related skin toxic-
ity [4]. Fluid retention may be related to inhibition of 

Fig. 63.1 The chest radiograph visualized bilateral patchy inter-
stitial infiltrates and a focal infiltrate in the lower right lung

Fig. 63.2 High-resolution computed tomography (HRCT) of 
the lungs, which ruled out pulmonary embolism and showed 
bilateral interstitial infiltrates with ground-glass opacities and 
pleural thickening
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the PDGF receptor, whose pathways regulate intersti-
tial fluid homeostasis by modulating the tension 
between cells and extracellular matrix structures [5].

63.2  Incidence of Lung Manifestations 
During the Course of Treatment 
with Imatinib

Most of the lung complications reported during imatinib 
therapy are related to pulmonary edema, a rare manifes-
tation of the fluid retention syndrome associated with 
this medication. Pulmonary edema occurred in 2.3% of 
patients in the phase II study of chronic-phase Ph + CML 
that had failed to respond to interferon therapy [6]. 
Dyspnea and cough ascribed to pulmonary edema have 
been reported in 7–10% and 10–14% of patients receiv-
ing imatinib, respectively [7]. Severe fluid retention 
(grade 3/4) resulting in pleural or pericardial effusions, 
pulmonary edema, ascites, or severe superficial edema 
are rare in Chronic-phase Ph+ CML (<1%), but more 
common at the advanced phases (up to 3%), probably as 
a result of higher drug dosages and greater severity of 
concomitant conditions [8]. ILD occurs more rarely dur-
ing the course of imatinib therapy. As of October 2003, 
approximately 5,000 patients with CML and 500 patients 
with GIST had been estimated to have received imatinib 
since its approval in Japan (November 2001 for CML 
and July 2003 for GIST) [9]. Of 3,023 adverse events 
reported spontaneously, 39 (1.29%) were cases of ILD. 
The median time to ILD development was 49 days 
(range, 10–282 days), and the median daily imatinib dos-
age was 400 mg (range, 200–600 mg) at the time ILD 
was diagnosed. There was no clear correlation between 
ILD development and either the dose or the duration of 
imatinib therapy. Only anecdotal case reports have been 
reported in Europe and North America. This distribution 
of cases suggests that imatinib-related ILD might be 
more common in Asians than in other ethnic groups.

63.3  Clinical and Radiological Findings

Fluid retention is a very common side effect of ima-
tinib. Most patients (54–65%) given imatinib have 
some degree of superficial edema, which is usually 

mild (grade 1/2), dose-dependent, and limited to the 
periorbital regions and lower legs [10]. Pleural or peri-
cardial effusions are revealed by dyspnea and chest 
pain. Although the symptoms suggest congestive heart 
failure, imatininib-related fluid retention is not due to 
impaired ventricular function but is instead a specific 
side effect [11]. IPD produces symptoms similar to 
those seen in fluid retention syndrome. Consequently, 
the development of nonspecific respiratory symptoms 
in a patient taking imatinib should prompt a chest 
radiograph. ILD produces ground-glass infiltrates and 
a decrease in carbon-dioxyde capacity [9]. In one study 
of 27 patients with ILD, 11 (41%) had preexisting lung 
disease [9].

63.4  Histopathological Findings

Imatinib-related ILD was first described in a 64- year-old 
man with CML. Increasing dyspnea developed on day 
78 of imatinib therapy 400 mg/day. A transbronchial 
lung biopsy (TBLB) showed destruction of the alveo-
lar septa and mixed intraalveolar and interstitial fibro-
sis with eosinophilic infiltration [12]. The prominent 
eosinophil infiltrate suggested an immunoallergic 
mechanism. Subsequently, a histopathological pattern 
without eosinophils was documented by TBLB [13]. 
In the largest Japanese series, TBLB was performed in 
5/27 (18.5%) patients [9] and showed interstitial 
inflammation; intraluminal-organizing fibrosis; des-
truction of alveolar septa; mixed intraalveolar and 
interstitial fibrosis with eosinophil infiltrates; and alve-
olitis with lymphocytes, plasma cells, mild type II 
pneumocyte hyperplasia and organization. Video-
assisted thoracoscopic surgery was performed in a 
patient whose chest CT showed a nodular pattern. 
Histopathology showed focal lymphocyte infiltrates 
and mixed intraalveolar and interstitial fibrosis. TBLB 
confirmed the clinical suspicion of interstitial pneu-
monitis, showing alveolar wall thickening by moder-
ately dense fibrous tissue and mild patchy lymphocytic 
infiltrates [13]. Lymphomatoid granulomatosis with 
lung involvement was described in a 39-year-old man 
with a history of recurrent GIST of the small bowel 
treated with imatinib (400 mg once daily). He pre-
sented with a 2-week history of shortness of breath, 
fluctuating fever, pancytopenia, and bilateral airspace 
opacities. He was treated for pneumonia, but his 
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condition deteriorated, and he died 6 weeks after 
admission Autopsy revealed bilateral pleural effusions 
and partially or well-defined pale gray/tan nodules of 
variable size showing central necrosis and focal cavita-
tion in all lobes of the two lungs. Large areas of necro-
sis were found. Viable tissue showed large CD20+ 
atypical lymphoid cells and CD3+ small lymphocytes 
around the blood vessels. The atypical cells contained 
the Epstein-Barr virus [14]. A similar picture was 
reported in an 89-year-old woman with liver metasta-
ses from GIST in whom cutaneous and pulmonary 
lesions consistent with lymphomatoid granulomatosis 
occurred after 9 months on imatinib 400 mg/day [15].

63.5  Management

In patients with respiratory manifestations (cough, 
chest pain, dyspnea, or other), imatinib should be dis-
continued and a chest X-ray performed. When a pleu-
ral effusion without parenchymal involvement is found, 
echocardiography and a BNP or NT-proBNP assay are 
useful to rule out cardiotoxicity [16, 17], although con-
gestive heart failure may be rare with imatinib therapy, 
particularly in patients treated for GIST [18].

After ILD resolution, several patients were success-
fully re-treated with imatinib, often in combination 
with corticosteroids [13, 19–21]. However, reintroduc-
tion of the drug has also been shown to induce ILD 
progression and should therefore be avoided [9, 22]. In 
the largest Japanese series of patients with imatinib-
related ILD, the drug was reintroduced in a lower dos-
age in 11 patients, among whom 4 experienced 
recurrent ILD [9].

63.6  Pulmonary Manifestations 
Associated with the Other BCR-ABL 
Tyrosine Kinase Inhibitors

Dasatinib is a multitargeted kinase inhibitor against 
BCR-ABL and SRC that was recently approved for the 
treatment of CML and Ph + ALL with resistance or 
intolerance to prior imatinib therapy [23]. Dasatinib is 
being investigated in clinical trials for patients with solid 
tumors. Pleural effusions and other manifestations of 

fluid retention syndromes were shown in phase II/III 
studies to be typical and frequent side effects of dasat-
inib [11]. The incidence of grade 3–4 pleural effusions 
in patients with chronic-phase Ph + CML included in the 
clinical studies (n = 1,150) was 4% [24]. The incidence 
rate of grade 3–4 pleural effusion was 5% in acute-phase 
CML, 10% in myeloid chronic-phase Ph + CML, and 
6% in lymphoid chronic-phase Ph + CML or Ph + ALL 
[24]. Phase III dose optimization studies showed that 
diminishing the dosage from 70 mg twice daily to 
100 mg/day reduced the incidence of pleural effusion 
from 16% to 7% (P = 0.024) [25]. However, pleural effu-
sion has been reported in up to 35% of patients with 
Ph + CML, usually at the accelerated or blast phase [26]. 
In a cohort of Ph + CML patients treated with dasatinib, 
the only variables associated with fluid retention were a 
history of autoimmune disease (relative risk, 1.3; 95% 
confidence interval, 1.6–103) and the dasatinib dosage 
(7.4; 1.2–44.3) [27]. Guidelines for managing pleural 
effusions during dasatinib treatment have been devel-
oped (Fig. 63.1) [24, 28]. Parenchymal lung disease 
associated with dasatinib is rare. The first case was 
described in a 60-year-old man with chronic-phase 
Ph + CML who had taken dasatinib 70 mg bid for 27 days 
[29]. He presented with a fever, acute episodes of bron-
chospasm, arthritis of the interphalangeal joints, and 
roundish papules over the legs. Gas exchange was 
impaired, and chest X-rays revealed bilateral pleural 
effusions. Specimens recovered by thoracocentesis were 
negative for pathogens. Neither BAL nor biopsies were 
performed. Dasatinib was discontinued, and broad- 
spectrum antimicrobials with corticosteroids were given. 
He improved rapidly after the introduction of corticos-
teroid therapy, suggesting an immunoallergic mecha-
nism. Of 40 patients who received dasatinib (70 mg bid) 
for Ph + CML with imatinib resistance or intolerance, 
9 (22.5%) developed dyspnea, cough, and chest pain 
[30]. Of these nine patients, six had pleural effusions (all 
were exudates), and seven had lung parenchyma abnor-
malities consisting of ground-glass or alveolar opacities 
or septal thickening (four patients had both). High lym-
phocyte counts were found in pleural and BAL fluids 
from eight patients; the remaining patient had neutro-
philic alveolitis. Pleural biopsies revealed lymphocytic 
infiltration in one patient and myeloid infiltration in 
another. After dasatinib interruption, the lung manifesta-
tions resolved in all patients and did not recur in three of 
the four patients who were re-treated with dasatinib at a 
lower dosage (40 mg twice daily). The available data on 
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Authors Reference Country n Incidence Previous 
respiratory 
disorders

Indication Imatinib 
dosage 
(mg/day)

Length 
of 
treatment

Bergeron et al. 
(2002)

[37] Africa* 1 – No CML 600 9 months

Rosado et al.  
(2003)

[38] USA 1 – No CML 400 5 months

Ma et al.  
(2003)

[19] USA 1 – No CML 400 2 weeks

Yokoyama et al. 
(2004)

[12] Japan 1 – No CML 400 78 days

Isshiki et al.  
(2004)

[39] Japan 1 – No CML 400 1 month

Grimison et al. 
(2005)

[13] Australia 1 – No GIST 400 4 months

Rajda et al.  
(2005)

[40] USA 1 – No CML 400 4 weeks

Ohnishi et al. 
(2006)

[9] Japan 27 27/5 500  
(0.5%)

11/27  
(41%)

23 CML  
4 GIST

400  
(200–600)

49 days  
(10–282)

Lin et al.  
(2006)

[41] Taiwan 1 – No CML 100 3 days

Seki et al.  
(2007)

[22] Japan 1 – No CML – –

Yamasawa et al. 
(2008)

[20] Japan 1 – IPF CML 400 28 days

Loong et al.  
(2008)

[42] China 1 – No GIST 400 1 month

Izumiyama et al. 
(2009)

[21] Japan 2 – No GIST – 2 months

Table 63.1 Reported cases of interstitial lung diseases associated with imatinib

* Reported in France, patient borned in Africa 

IPF idiopathic pulmonary fibrosis, CML chronic myelogenous leukemia, GIST gastrointestinal stromal tumors

pleural effusions during dasatinib treatment are reported 
in Tables 63.1–63.3. No respiratory adverse effects or 
lung involvement was described in preliminary studies 
of nilotinib [31–33]. Pleural effusion was reported in 
only 1% of patients with chronic-phase Ph + CML given 
nilotinib after imatinib resistance and intolerance [34]. 
In a phase I study of dasatinib plus nilotinib in 34 patients 
with advanced non-small-cell lung cancer, 18 patients 
had pleural effusions, which were grade 2–4 [35]. None 
had ILD. Pulmonary and upper respiratory side effects, 
which were not described in any detail, were reported in 
17.9% of patients in a phase I study of INNO-406, a dual 
kinase inhibitor (against ABL and the yes-1 Yamaguchi 
sarcoma viral-related oncogene homolog Lyn) used for 
Ph + CML after imatinib resistance or intolerance [36].

63.7  Conclusion

Imatinib-related ILD varies in severity but responds 
well to corticosteroid treatment. Pre-existing pulmo-
nary disease may be a risk factor. Therefore, the chest 
radiographs should be evaluated carefully before ini-
tiating imatinib treatment. Physicians should pay 
careful attention to clinical symptoms such as unex-
plained fever, cough, and dyspnea during the first few 
months after starting imatinib therapy. These symp-
toms warrant imatinib discontinuation and investiga-
tions for toxicity including ILD. When ILD is found, 
concomitant infection must be ruled out, and corti-
costeroid therapy is in order after an in-depth 
evaluation.
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64.1  The Case

An 80-year-old man was generally healthy until 2004, 
when he noticed progressive enlargement of a growing 
right sub-mandibular mass. On physical examination 
and in computerized tomography (CT) scan, the patient 
was found to have generalized lymphadenopathy on 
both sides of the diaphragm. A lymph node biopsy 
from the right sub-mandibular mass revealed a follicu-
lar grade 3B non-Hodgkin’s lymphoma (NHL) that 
was in clinical stage 3A with an international prognos-
tic index (IPI) of 2. The patient was treated with cycles 
of combination immunochemotherapy with rituximab 
(375 mg/m2)-CHOP (cyclophosphamide, doxorubicin, 
vincristine and prednisone) every 21 days. After three 
uneventful cycles of therapy, he had a good clinical 
response, and an interim mid-treatment positron emis-
sion tomography-computed tomography (PET-CT) 
was performed, which showed disappearance of all 
the previous imaging findings, and no uptake of 
18F-deoxyfluoroglucose (18F-FDG) was detected in 
these sites. However, on the same PET-CT scan, new 
abnormal sites of 18F-FDG uptake were detected as 
opacities in the sub-pleural areas of the lung, mostly 
on the right side (Fig. 64.1).

At the same time, the patient complained of mild 
dyspnea on effort, and bilateral basilar crackles were 
present on physical examination. Pulse oximetry and 
chest X-ray were performed, which were within nor-
mal limits. Treatment with rituximab-CHOP was con-
tinued as scheduled, but 2 days after starting the fifth 
cycle of therapy, the patient was admitted to the hospi-
tal because of a dry cough and worsening dyspnea. On 
examination, the patient had a normal body tempera-
ture, but was tachypneic, and hypoxemic and bilateral 
basal inspiratory crackles were present. Chest X-ray 
showed reticulo-nodular infiltrates (Fig. 64.2), and  
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a contrast-enhanced chest CT scan revealed further 
progression of the sub-pleural air-space consolidation. 
“Ground-glass” opacities, small pulmonary cysts and 
thickening of the interlobular septa were also evident 
(Fig. 64.3).

Bronchoscopy was performed and was within nor-
mal limits, and the bronchoalveolar lavage revealed no 
evidence of bacteria; acid-fast bacilli, Pneumocystis 
jirovecii (P. jirovecii) and cytomegalovirus (CMV) 
were also negative. Trans-bronchial biopsy was per-
formed and revealed interstitial inflammation of the 
lung parenchyma, as well as swelling and hyperplasia 
of atypical type II alveolar cells, which showed 

increased nuclear size and hyperchromasia, and an 
accumulation of foamy histiocytes with cytoplasmic 
vacuoles was evident within the alveoli (Fig. 64.4). 
Treatment with intravenous methylprednisolone 
(1 mg/kg) was started, but the patient developed rap-
idly progressive respiratory insufficiency requiring 
mechanical ventilation and unfortunately died 10 days 
after admission.

Fig. 64.1 Early radiological findings of rituximab-related pul-
monary toxicity as detected in mid-treatment PET-CT. Abnormal 
uptake of 18F-FDG is evident in sub-pleural lung opacities, 
mostly on the right side

Fig. 64.2 Chest X-ray. Showing bilateral reticulo-nodular 
infiltrates

Fig. 64.3 Contrast-enhanced chest CT scan. Progression of the 
sub-pleural areas of intraalveolar consolidation, “ground-glass” 
opacities, small pulmonary cysts and thickening of the interlob-
ular septa

Fig. 64.4 Transbronchial biopsy. Showing interstitial inflam-
mation as well as swelling and hyperplasia of atypical type II 
alveolar cells. Accumulation of foamy histiocytes with cytoplas-
mic vacuoles is seen in alveoli
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64.1.1  Rituximab-Related  
Pulmonary Toxicity

Rituximab is a genetically engineered, chimeric 
murine/human monoclonal IgG

1
 antibody that binds 

specifically to the CD20 antigen, which is expressed 
on normal B-cells and on the vast majority of malig-
nant cells in B-cell lymphoproliferative disorders [1]. 
The binding of rituximab to the CD20 ligand causes 
cell lysis through a variety of mechanisms, including 
complement-mediated cytotoxicty, antibody-depen-
dent cell (e.g., NK cells)-mediated cytoxicity and 
direct induction of cell apoptosis [1]. Rituximab has 
been extensively studied and used to treat CD20 posi-
tive, B-cell lymphoproliferative disorders, either as a 
single agent or more commonly in combination with 
chemotherapy; in recent years it has also been used for 
the treatment of autoimmune disorders. It has currently 
been approved by the Food and Drug Administration 
(FDA) and/or by the European Medicines Agency 
(EMEA) for the treatment of: (1) low-grade/follicular 
non-Hodgkin’s lymphoma (NHL) as first-line treat-
ment as well as for relapsed or refractory disease and 
for maintenance therapy in this disorder; (2) diffuse 
large B-cell NHL as first-line treatment in combination 
with anthracycline-based chemotherapy regimens; (3) 
chronic lymphocytic leukemia (CLL) in previously 
untreated patients, in combination with chemotherapy; 
(4) rheumatoid arthritis, in combination with metho-
trexate, for patients with an inadequate response to one 
or more of the TNF antagonist therapies [1]. In addi-
tion to rheumatoid arthritis, rituximab has been shown 
to be effective in the treatment of a variety of other 
autoimmune disorders, including autoimmune cytope-
nias, such as immune thrombocytopenic purpura (ITP) 
and autoimmune hemolytic anemia (AIHA), as well as 
in systemic lupus erythematosus (SLE), Sjorgen’s syn-
drome, vasculitides, and autoimmune neurologic and 
dermatologic disorders [2].

Rituximab is generally well tolerated and safe to 
use. Its major adverse effects appear to be infusion-
related reactions [1]. During the first infusion, patients 
may develop fever, chills and dyspnea, and occasion-
ally hypotension; however, it rarely causes anaphylac-
tic shock or acute respiratory distress syndrome 
(ARDS). Patients with high numbers of circulating 
neoplastic lymphoid cells may develop cytokine-release 
syndrome [3] and/or tumor lysis syndrome [4]. Other 
infrequent adverse affects include delayed neutropenia 

[5], hepatitis B virus reactivation [6], Stevens Johnson 
syndrome [7] and serum sickness [8].

With regard to pulmonary toxicity, more than 40 
cases, most probably related to therapy with ritux-
imab, have been reported until now [9–26]. Rituximab-
associated lung toxicity has been described more 
 commonly in elderly patients (mean age 65 years, 
range, 43–80 years), with a slight male predominance 
(male:female ratio of 2:1) [9]. These patients had 
either received rituximab as a single agent [11, 14, 
16] or in combination with different chemotherapy 
regimens (COP, CHOP, CEOP, ACVBP, VNCOP, flu-
darabine, cladribine) [9–12, 15, 16, 22] with or with-
out the addition of growth factors for NHL, CLL, ITP, 
rheumatoid arthritis and SLE [10–12, 14–16, 23, 24]. 
In most cases the patients developed acute or sub-
acute symptoms after one or more cycles of therapy 
[10–12, 14–16].

64.1.2  Acute Pulmonary Reactions

Rituximab-associated acute adverse pulmonary reac-
tions were reported during or shortly after the first infu-
sion of the agent and included bronchospasm, hypoxia, 
pulmonary infiltrates as well as ARDS [27– 29]. The 
latter syndrome has been reported in several patients 
within a few hours after initiating rituximab infusion. 
All these patients required mechanical ventilation, and 
although all were treated with corticosteroids, this 
complication was associated with a high mortality rate 
of around 40% [27–29]. In one patient, in whom a lung 
biopsy was performed, diffuse alveolar damage and 
hemorrhages were also seen [29].

64.1.3  Subacute Pulmonary Reactions

The majority of cases of rituximab-associated pulmo-
nary toxicity occurred within days and up to 3 weeks 
after the first infusion of the antibody or following sub-
sequent cycles with rituximab treatment. It appeared to 
occur most commonly after the fourth cycle of therapy 
and within a mean of 12 weeks after the initial ritux-
imab infusion [9]. Patients usually presented with dys-
pnea, dry cough, signs of hypoxemia and occasional 
fever [10–16]. Crackles are present on physical 
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examination in approximately a third of the patients 
[9]. Chest radiographs may reveal patchy or diffuse 
mixed interstitial and alveolar infiltrates [8, 18, 23, 24, 
26, 30], while CT scan typically shows multiple focal 
alveolar infiltrates and areas of “ground-glass” shad-
owing [11, 15, 17, 23, 24, 26]. Pulmonary function 
tests are mostly compatible with restrictive abnormali-
ties associated with a reduced diffusion capacity [11, 
14, 30]. In some cases, a PET scan, performed for the 
evaluation of lymphoma response to treatment, showed 
some form of uptake, thereby detecting early pulmo-
nary changes [8, 31, 32] while patients were still basi-
cally asymptomatic. In other cases, a PET-CT scan 
revealed late-onset pulmonary infiltrates, occurring 
between 1 and 3 months after the treatment of ritux-
imab was discontinued, appearing as linear subpleural 
FDG uptake, which sometimes persisted for several 
months [33]. Bronchoaleveolar lavage (BAL) fluid was 
negative for infectious disease, and cytology was nega-
tive for malignant cells, whereas normal CD4+ 
T-lymphocytes predominated [15, 18, 25]. Trans-
bronchial or lung biopsies most commonly showed 
histological findings compatible with organizing pneu-
monia and interstitial pneumonitis [9, 19–21, 23, 30, 
34]; diffuse alveolar hemorrhage and acute pulmonary 
fibrosis were less commonly observed [15, 16, 18].

64.1.4  Mechanism of Toxicity

Acute lung toxicity, mostly ARDS, is considered to be 
the result of a cytokine release syndrome with tumor 
necrosis factor-a (TNF- a), interferon-g (INF-g), inter-
leukin-6 (IL-6) or interleukin-8 (IL-8)] [3, 9] released 
in high concentrations. This clinical picture occurs 
shortly after the first infusion of rituximab, at a time 
when the patient still has a large tumor burden [9]. The 
more insidious onset reactions described appear to be 
due to hypersensitivity reactions, and continuing treat-
ment with rituximab results in recurrence of the same 
symptoms, but of increasing severity [9, 15, 26]. This 
type of rituximab-associated pulmonary toxicity seems 
to respond favorably to corticosteroid therapy [9]. It 
has also been suggested that the mechanism of toxicity 
seen in the latter reaction may also be linked to the 
release of inflammatory cytokines, including TNF- a, 
INF-g, IL-6 and IL-8 [11, 35], complement activation 
[15] or indirect cytotoxic T lymphocyte activation 

[15], all of which are known to occur during therapy 
with rituximab [36, 37]. Along this line, results of an 
experimental in vitro model have suggested that apop-
totic lymphoma cells undergo phagocytosis by den-
dritic cells (DC). This leads to DC maturation and 
thereafter promotes induction of a cytotoxic T-cell 
response against these lymphoma cell-associated anti-
gens [37, 38].

64.1.5  Differential Diagnosis

The appearance of pulmonary infiltrates in lymphoma 
patients receiving rituximab is a challenging situation. 
Several diagnoses can be considered, namely cardiogenic 
pulmonary edema, infection, progressive  lymphoma, 
exacerbation of underlying chronic lung disease and 
drug-related pulmonary toxicity. Rituximab-related pul-
monary toxicity is basically a diagnosis of exclusion. In 
immunocompromised patients, infectious causes, such 
as bacterial pneumonia, mycobacterial infections, viral 
pneumonits including CMV, P. jirovecii pneumonia 
(PCP) and fungal infection, should all be considered in 
the differential diagnosis. In this respect, the develop-
ment of PCP has been reported during rituximab therapy, 
particularly in patients with NHL co-treated with the 
antibody and combination chemotherapy [39–44]. A few 
cases of cytomegalovirus (CMV) reactivation have also 
been recorded in the rituximab-treated patients [45–47]. 
After excluding the above-mentioned infectious causes, 
special consideration should be given to the possibility of 
drug-related pulmonary toxicity. Many cytotoxic agents 
are known to cause lung injury. In this respect, cyclo-
phosphamide in particular, one of the most common 
agents used in combination with rituximab for the treat-
ment of NHL and CLL, should be considered as one of 
the possible agents causing this clinical and radiological 
picture. As in the case of rituximab, the incidence of 
cyclophosphamide induced-pulmonary toxicity is low 
[48, 49], and the interval between exposure to cyclophos-
phamide and the appearance of the pulmonary insult var-
ies from weeks to several years [48]. Early onset toxicity 
usually appears about 1–6 months after exposure to 
cyclophosphamide, and typically patients present with 
1–2 weeks of dyspnea on effort and a dry cough [48, 49]. 
Bilateral basal reticular or reticulo-nodular infiltrates are 
seen on chest X-ray [49], “ground-glass” shadowing is 
evident on CT scan [49], and pulmonary function tests 
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show restrictive abnormalities with reduced diffusion 
capacity [49]. Late-onset toxicity generally appears in 
patients who had received relatively low doses of cyclo-
phosphamide given over a prolonged period of time [49], 
and these may occur years after discontinuation of the 
drug [49]. While the prognosis of early onset toxicity is 
generally good and corticosteroids are beneficial, late-
onset toxicity has a poorer outcome and often progresses 
despite therapy with steroids [48, 49]. The histopatho-
logical spectrum of cyclophosphamide-induced lung 
injury includes: nonspecific interstitial pneumonia, orga-
nizing pneumonia, diffuse alveolar damage and diffuse 
alveolar hemorrhage [49]. In this regard, the endogenous 
production of reactive oxygen radicals was suggested as 
the most probable underlying mechanism for this pulmo-
nary toxicity [48]. G-CSF is a growth factor commonly 
used in cancer patients to shorten the period of neutrope-
nia following chemotherapy and is also utilized to mobi-
lize hematopoietic progenitor cells for stem cell 
transplantation. Common adverse effects of G-CSF 
include fever, bone pain and fatigue. Pulmonary toxici-
ties attributed to G-CSF include cough, dyspnea, intersti-
tial pneumonitis and ARDS [50]. When used as a single 
agent, among 1,801 published cases of healthy stem cell 
donors given G-CSF for stem cell mobilization, lung tox-
icity was reported in 1 case only [50]. G-CSF-related 
pulmonary toxicity is more frequently reported in patients 
receiving this growth factor in combination with chemo-
therapeutic agents, and in these cases G-CSF may actu-
ally exacerbate chemotherapy-related pulmonary 
toxicity, particularly when cyclophosphamide, bleomy-
cin or methotrexate is the chemotherapeutic agent 
involved [50]. G-CSF related-pulmonary toxicity can be 
fatal, with a relatively high mortality rate (24.6%) [50]. 
Because neutropenic patients treated with G-CSF fre-
quently develop their pulmonary symptoms during or 
after recovery from the neutropenia, it was suggested 
that neutrophils play a central role in mediating this tox-
icity [50]. Treatment with G-CSF not only increases the 
number of neutrophils, but also enhances their func-
tions [51, 52], thereby promoting neutrophil entrap-
ment in the pulmonary vascular capillaries, and release 
of their oxygen radicals and proteolytic enzymes, 
which may cause subsequent endothelial and pulmo-
nary damage [53–57]. G-CSF is commonly given for 
patients who have been treated with rituximab-contain-
ing regimens, and these combinations of drugs may 
potentially increase the risk of pulmonary toxicity 
[19, 30].

64.1.6  Clinical Investigations

Non-invasive studies such as arterial blood gas analy-
sis, sputum examination, chest X-ray, pulmonary func-
tion tests, echocardiogram and chest CT scans are all 
helpful in determining the pattern of the pulmonary 
insult. However, bronchoscopy with BAL and biopsy 
of the lung tissue are eventually required to establish a 
more definitive diagnosis to be sure to rule out any 
infection before deciding for drug-related pulmonary 
toxicity. Sputum as well as the BAL fluid should be 
evaluated by direct smear and cultures for bacterial 
infections, including mycobacterium, and for possible 
opportunistic pathogens, such as fungi (Pneumocystis, 
Aspergillus, Candida). In addition, nasopharyngeal 
aspirates should also be evaluated for viral antigens, 
such as respiratory syncytial virus, adenovirus, influ-
enza and parainfluenza viruses. The peripheral blood 
should also be sent for cultures and evaluated for CMV 
antigenemia or CMV-DNA PCR titer, b-D-glucan 
(antigens for Candida and Aspergillus), serology test 
for viruses, Mycoplasma pneumonia and Chlamydo- 
phila pneumoniae, while the urine should be tested for 
Legionella antigen.

An early lung biopsy either by open or a thoraco-
scopic approaches may be helpful to define the lung 
pathology more precisely as well as to exclude other 
alternative diagnoses, such as opportunistic infection 
or lymphoma. Trans-bronchial biopsy can be an alter-
native to lung biopsy; however, it has the disadvantage 
of ending up more frequently without an adequate 
sample for diagnosis.

64.1.7  Clinical Course and Treatment

In all the reported cases of pulmonary toxicity, ritux-
imab was discontinued after the appearance of toxicity, 
and the majority of patients gradually recovered within 
a few days. Nevertheless, this complication is known 
to be fatal in 20% of the patients [9], and although 
some of these patients developed lung toxicity while 
receiving corticosteroids [10, 14], most appeared to 
respond favorably to early corticosteroid treatment [9]. 
Re-treatment with rituximab was uneventful in a 
 proportion of these cases [12], whereas in others, 
 re-treatment with rituximab, as a single agent or in 
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combination with chemotherapeutic drugs, did cause 
pulmonary deterioration [10, 15], which was fatal in 
some cases [8, 15]. Accordingly, it is recommended 
that in patients suspected of having rituximab-related 
pulmonary toxicity, any possible agent known to cause 
pulmonary toxicity should be stopped. Furthermore, in 
addition to any empirical anti-infectious therapy given, 
corticosteroid therapy should also be initiated early on. 
After pulmonary recovery, rituximab re-challenge is 
best avoided.
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65.1  Case Report

A 54-year-old woman was admitted for dyspnea. She 
had a history of hypertension treated with propranolol; 
breast cancer treated 2 years earlier by surgery, chemo-
therapy (including anthracyclines), and radiotherapy, 
then by chronic tamoxifen; and acute myeloid leuke-
mia. Blood cell counts at admission showed 100,000/
mm3 leukocytes with 90% monoblasts, anemia (7.9 g/
dL), thrombocytopenia (12,000/mm3), acute kidney 
injury (serum creatinine, 200 mmol/L and urea, 
8 mmol/L), and hyperuricemia (1,064 mmol/L). 
Pulmonary leukemic infiltration or leukostasis was sus-
pected, and 50 mg of daunorubicin was therefore given 
at admission combined with large amounts of intrave-
nous saline to prevent tumor lysis syndrome. The next 
day, she had worsening dyspnea with polypnea, jugular 
vein distension, bibasilar rales, tachycardia, and oligu-
ria. Her body temperature was normal. The chest X-ray 
revealed bibasilar interstitial infiltrates and a subnormal 
cardiothoracic ratio (Fig. 65.1). The leukocyte count 
had decreased to 81,000/mm3, the hemoglobin level 
was stable at 7.1 g/dL, and the platelet count was 
11,000/mm3. Serum brain natriuretic peptide (BNP) 
was 222 ng/L, troponin Ic was 0.1 mg/L, and C-reactive 
protein was 76 mg/L.

Initial diagnostic hypotheses were acute cardio-
genic pulmonary edema (requiring diuretic therapy) 
and pulmonary leukemic infiltration or leukostasis 
(requiring chemotherapy and corticosteroids). This 
case illustrates the importance of rapidly determining 
the etiology of acute respiratory failure to ensure 
appropriate treatment. Furthermore, acute cardiogenic 
pulmonary edema can coexist with leukemic infiltration 
or leukostasis.

Cardiogenic Causes of Respiratory Failure 
in Patients with Hematological 
Malignancies

Julien Maizel, Berengere Gruson, Jean-Pierre Marolleau, 
and Michel Slama 

J. Maizel (*) and M. Slama 
Medical Intensive Care Unit, Department of Nephrology, 
University Hospital of Amiens, France and INSERM,  
ERI 12, Amiens University, France 
e-mail: maizel.julien@chu-amiens.fr

B. Gruson and J.-P. Marolleau 
Department of Clinical Hematology, University Hospital 
of Amiens, 1 pl Victor Pauchet, 80000 Amiens, France

65

Contents

65.1  Case Report ............................................................ 759

65.2  Introduction ............................................................ 760

65.3  Acute Heart Failure ............................................... 760
65.3.1  Acute Coronary Syndromes ..................................... 760
65.3.2  Arrhythmias ............................................................. 761
65.3.3  Fluid Overload ......................................................... 762

65.4  Chronic Heart Failure ........................................... 762
65.4.1  Chemotherapy-Related Cardiotoxicity .................... 762
65.4.2  Radiation .................................................................. 763
65.4.3  Cardiac Manifestations of Amyloidosis .................. 763

65.5  Other Causes of Cardiogenic Acute  
Respiratory Failure ................................................ 764

65.5.1  Tamponade ............................................................... 764
65.5.2  Pulmonary Embolism .............................................. 764

65.6  Clinical, Laboratory, and Imaging Findings ....... 764
65.6.1  Clinical, Laboratory, and X-Ray Findings ............... 765
65.6.2  Echocardiography .................................................... 765

65.7  Conclusion .............................................................. 767

References ........................................................................... 769



760 J. Maizel et al.

65.2  Introduction

Severe dyspnea indicating acute respiratory failure 
(ARF) is common in patients with hematological 
malignancies. Determining the cause of ARF, although 
often difficult, is crucial to ensure appropriate treat-
ment. Because patients with hematological malignan-
cies are at risk for cardiogenic dyspnea, the first step is 
to determine whether the cause of ARF is cardiogenic 
or noncardiogenic. Risk factors for cardiogenic ARF 
include the use of cardiotoxic chemotherapeutic 
agents, hyperhydration during chemotherapy, and spe-
cific clinical situations (e.g., acute tumor lysis syn-
drome or bone marrow transplantation). The role of 
comorbidities should also be considered. Early identi-
fication of the cause followed by appropriate treatment 
improves the outcomes of patients with ARF [1]. 
Several conditions may cause cardiogenic ARF in 
patients with hematological malignancies. The main 
cause is acute or chronic congestive heart failure 
(CHF). Acute CHF may be related to acute coronary 
syndrome, arrhythmia, or hyperhydratation. Chronic 
CHF is usually due to the use of cardiotoxic chemo-
therapeutic agents, radiotherapy, or cardiovascular 
complications of the hematological malignancy (amy-
loidosis). Other cardiogenic causes of ARF include 
tamponade and pulmonary embolism, which are asso-
ciated with specific chemotherapeutic agents.

In this chapter, we will describe the cardiogenic 
causes of ARF and discuss the best diagnostic strate-
gies for identifying them in patients with hematologi-
cal malignancies.

65.3  Acute Heart Failure

Cardiogenic pulmonary edema results from a rapid 
hydrostatic pressure increase in the pulmonary capil-
laries, which is usually due to elevations in left ven-
tricular diastolic pressure and left atrial pressure. Left 
atrial pressure elevation above 18 mmHg can cause 
interstitial edema and flood the alveoli [2]. Left atrial 
pressure elevation can be the result of systolic or dia-
stolic dysfunction.

Similar to patients with other clinical conditions, 
individuals with hematological malignancies may 
experience pulmonary edema due to myocardial isch-
emia, arrhythmia, exacerbation of chronic systolic or 
diastolic heart failure, valvular dysfunction, or volume 
overload. In addition, pulmonary edema due to left 
ventricular systolic dysfunction in patients with hema-
tological malignancies may result from preexisting car-
diomyopathy and/or cardiomyopathy induced by a 
cardiotoxic chemotherapeutic agent and/or radiation 
therapy.

65.3.1  Acute Coronary Syndromes

Acute coronary syndromes can cause dyspnea due to 
acute ischemic heart failure. Patients with ARF should 
be routinely asked about chest pains, and an electro-
cardiogram and troponin assay should be obtained. 
Although myocardial ischemia may occur in any 

Fig. 65.1 The chest X-ray revealed bibasilar interstitial infiltrates and a subnormal cardiothoracic ratio. CT disclosed ground-glass 
opacities, septal lines, and bilateral pleural effusion
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patient, those having received the chemotherapeutic 
agents listed in Table 65.1 are at increased risk. 
Radiation therapy promotes the development of coro-
nary artery disease, and cases of sudden death due to 
diffuse intimal hyperplasia of all the coronary arteries 
have been reported [3]. Cisplatin can induce acute cor-
onary syndromes ranging from angina to acute myo-
cardial infarction. The mechanism leading to ischemia 
is unclear, as some patients have no coronary artery 
lesions by coronary angiography [4]. The treatment 
consists of cisplatin withdrawal and introduction of 
antiischemic treatment.

65.3.2  Arrhythmias

Rituximab is a drug used in various lymphoproliferative 
disorders, including non-Hodgkin’s lymphoma. Infusion-
related side effects are common within the first few hours, 
especially after the first administration. Hypotension, 
hypoxia, distributive shock, bronchospasm, angioedema, 
and arrhythmias have been reported. Ventricular tachy-
cardia and severe atrioventricular blockade may occur 
[5, 6]. Interruption of rituximab treatment combined with 
supportive care is usually effective.

Drug/therapy Cardiac event Comments

Anthracyclines CHF Prevention based on minimizing the cumulative dose, 
administration by continuous infusion, and 
dexrazoxaneDoxorubicin

Daunorubicin

Epirubicin

Idarubicin

Cyclophosphamide CHF Risk factors are high cumulative dose, chest 
radiation, and prior anthracycline therapy

Pericarditis

Myocarditis

Busulfan Pericardial effusion

Endomyocardial fibrosis

Cisplatin CHF Risk factors are older age, chest radiation, and prior 
anthracycline therapy

CAD

All-transretinoic acids CHF All-transretinoic acid syndrome

Pericardial effusion

Tyrosine kinase inhibitors CHF

Imatinib Pericardial effusion

Dasatinib

Nilotinib

Thalidomide DVT

Arsenic trioxide Arrhythmias QT prolongation

Radiation CHF Time since exposure ranging from 2 to 145 months

CAD

Arrhythmias

Pericardial effusion

Table 65.1 Chemotherapeutic agents associated with cardiac toxicity

CHF chronic heart failure, CAD coronary artery disease, DVT deep vein thrombosis
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Arsenic trioxide is used for refractory or relapsed 
acute promyelocytic leukemia. Arsenic prolongs the 
QT interval, leading to an increased risk of ventricular 
tachycardia and torsades de pointes [7]. Complete 
heart block and sudden death have been reported sev-
eral hours after arsenic trioxide infusions, highlighting 
the need for continued cardiac monitoring after each 
infusion [8]. To prevent severe arrhythmia, electrolyte 
levels must be kept within the normal range, and any 
QT-prolonging medications must be stopped.

65.3.3  Fluid Overload

Patients with hematological malignancies may experi-
ence pulmonary edema due to fluid overload. Large 
amounts of fluids are given to prevent tumor lysis syn-
drome or chemotherapy-related renal toxicity. Patients 
with pre-existing systolic and/or diastolic dysfunction 
are at increased risk, as they have high baseline left ven-
tricular diastolic pressures and a steep left ventricular 
pressure–volume relationship. Thus, the infusion of 
small amounts of fluid may increase the left ventricular 
diastolic pressure, thereby precipitating acute pulmo-
nary edema. Diastolic dysfunction is common in elderly 
patients with hypertension and/or coronary artery dis-
ease [9]. Moreover, several chemotherapeutic agents can 
alter left ventricular relaxation (see below). The fluid 
balance should be carefully monitored in the patients 
who have a history of systolic or diastolic heart failure or 
risk factors for altered left ventricular relaxation.

65.4  Chronic Heart Failure

We will focus on specific situations seen in patients 
with hematological malignancies. However, comor-
bidities may also cause heart disease in these patients.

65.4.1  Chemotherapy-Related 
Cardiotoxicity

Several chemotherapeutic agents can alter left ventric-
ular contractility. In this book, Dr. Khakoo provides an 
in-depth review of cardiac disorders related to anti-

cancer drugs. Table 65.1 lists drugs associated with 
cardiotoxicity and Table 65.2 risk factors for chemo-
therapy-induced cardiotoxicity. Cardiotoxicity depends 
on both the pharmacological properties of the drug and 
factors related to the individual patient. The time from 
chemotherapy (or radiotherapy) to manifestations of 
cardiotoxicity varies widely and can reach several 
months to several years.

Anthracyclines are the most extensively studied 
drugs associated with acute and late cardiotoxicity with 
left ventricular dilatation and a decline in the left ven-
tricular ejection fraction (LVEF) [10]. The pathogenesis 
of anthracycline-induced cardiotoxicity is highly con-
troversial. Myocardial production of reactive oxygen 
species is the most widely accepted hypothesis. 
Anthracyclines induce the production of reactive oxy-
gen species via redox cycling of aglycones and anthra-
cycline-iron complexes [11]. The prevention of 
anthracycline-induced cardiotoxicity relies on restrict-
ing the cumulative dose (doxorubicin equivalent, 
550 mg/m2) and administering the drug as a continuous 
infusion [12]. Cardiac function monitoring is crucial in 
anthracycline-treated patients. Echocardiography or 
radionuclide ventriculography should be obtained regu-
larly, starting before anthracycline initiation and con-
tinuing beyond the end of the treatment [13]. For 
patients given more than 300 mg/m2 of doxorubicin-
based therapy, dexrazoxane has been recommended to 
reduce the amount of free iron in myocytes, thereby 
protecting against anthracycline-induced cardiotoxicity 
[14]. However, this recommendation remains contro-
versial. The development of left ventricular systolic 
dysfunction during anthracycline therapy requires treat-
ment discontinuation, administration of appropriate 

Table 65.2 Risk factors for cardiovascular complications due 
to chemotherapy

Patient-related factors

Age

Previous cardiovascular disease

Previous or concomitant radiation therapy

Metabolic abnormalities

Drug-related factors

Dose of the drug during each session

Cumulative dose

Route of administration
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medications for left ventricular dysfunction, caution 
with fluid loading, and close fluid balance monitoring.

In addition to systolic dysfunction, chemotherapy 
may induce diastolic dysfunction. Echocardiography 
studies have established that diastolic dysfunction 
(sometimes followed by systolic dysfunction) can 
develop during cardiotoxic chemotherapy or after stem 
cell transplantation. Tissue Doppler imaging findings 
and the mitral inflow pattern are important parameters 
that can undergo gradual alteration during chemother-
apy or many years later [15–17]. Risk factors for dia-
stolic dysfunction seem to be the same as those for 
systolic dysfunction. As with systolic dysfunction, the 
presence of any such risk factors and/or a history of 
diastolic heart failure require great caution during fluid 
loading and close monitoring of the fluid balance. No 
accurate data are available about chemotherapy dosage 
adjustment in patients with isolated relaxation abnor-
malities without clinical pulmonary edema.

Allogeneic or autologous hematopoietic stem cell 
transplantation is associated with cardiac complica-
tions, including arrhythmia and heart failure. The use 
of high-dose cyclophosphamide in the myeloablative 
conditioning regimen has been convincingly shown to 
increase the risk for cardiovascular events [18, 19]. 
The strongest risk factors are anthracycline therapy 
and/or a LVEF lower than 45% before stem cell 
transplantation.

Imatinib has revolutionized the treatment of chronic 
myeloid leukemia, Philadelphia-positive acute lympho-
blastic leukemia, FIP1L1-PDGFRa transcript- positive 
hypereosinophilic syndrome, and gastrointestinal 
stromal tumors. A preclinical animal study indicated 
that chronic heart failure was a potential complication 
of imatinib treatment [20]. However, a retrospective 
study in humans found no increase in the incidence of 
chronic heart failure among imatinib-treated patients 
compared to the general population [21]. Thus, the car-
diotoxic potential of imatinib remains unclear.

65.4.2  Radiation

Cardiogenic pulmonary edema may develop several 
months or years after radiotherapy to the chest. 
Radiation can induce systolic or diastolic dysfunction, 
coronary artery disease, valvular damage, or a pericar-
dial effusion. Concomitant doxorubicin administration 

increases the risk of radiation-induced cardiotoxicity. 
Coronary ischemia and/or myocardial fibrosis may be 
involved early on or after many years.

65.4.3  Cardiac Manifestations  
of Amyloidosis

Systemic AL amyloidosis can lead to myocardial infil-
tration with chronic heart failure. Amyloidosis is asso-
ciated with cardiac involvement in up to 90% of cases 
and with clinical diastolic heart failure in 50% of cases 
[22]. Symptoms of cardiac amyloidosis may consist of 
dizziness, syncope, postural hypotension, and heart 
failure. Half the patients with cardiac amyloidosis die 
from heart failure or arrhythmia. The diagnosis of 
 cardiac amyloidosis is difficult and relies on a 
 combination of findings from the clinical examina-
tion, echocardiography, electrocardiography, and car-
diovascular magnetic resonance imaging (CMR). 
Echocardiographic findings of concentric left ventric-
ular wall thickening with a granular appearance, thick-
ened mitral valve leaflets, biventricular dilatation, and 
pericardial effusion are suggestive in a patient with 
clinically compatible manifestations. The electrocar-
diogram may show atrial fibrillation or flutter, low 
voltage, and a pseudo-infarct pattern (in an anterior, 
inferior, or lateral distribution). CMR is useful for dis-
tinguishing among various cardiomyopathies. In 
patients with histologically proven cardiac amyloido-
sis, CMR shows late gadolinium enhancement of the 
myocardium, which may be diffuse or focal, and trans-
mural or confined to the subendocardium [23]. 
However, none of the echocardiographic, electrocar-
diographic, or CMR findings in cardiac amyloidosis is 
highly specific. Therefore, the diagnosis relies on a 
combination of findings from these various sources. 
Troponin I and BNP levels are elevated in cardiac 
amyloidosis, and their levels at diagnosis and during 
treatment provide important prognostic information. 
The treatment consists of diminishing the deposition 
of amyloid fibrils and supporting the failing organs. 
Heart failure requires high-dose diuretic therapy in 
patients with concomitant nephrotic syndrome. The 
risk of bradycardia and hypotension limits the use of 
beta-blockers, angiotensin-converting enzyme, and 
angiotensin II inhibitors. Digoxin and some of the 
 calcium-channel blockers can bind to amyloid fibrils, 
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leading to an increased risk of digoxin toxicity and to 
declining cardiac function with calcium-channel 
blockers [24, 25].

65.5  Other Causes of Cardiogenic  
Acute Respiratory Failure

65.5.1  Tamponade

Tamponade presents as cardiogenic shock with 
hypotension, dyspnea, tachycardia, diminished heart 
sounds, jugular vein distension, a pericardial rub, and 
pulsus paradoxus. Since most of these manifestations 
are nonspecific, tamponade should be considered in 
many clinical situations, including ARF. The chest 
X-ray may show cardiomegaly, usually without lung 
opacities. Tamponade usually complicates a pericar-
dial effusion. As illustrated by our case report, the 
pericardium may be involved in patients with acute 
leukemia [26]. The best means of preventing life-
threatening tamponade is routine echocardiography to 
detect pericardial effusion, followed by close monitor-
ing should such an effusion be found. Among hemato-
logical malignancies, Hodgkin’s and non-Hodgkin’s 
lymphomas are often associated with pericardial 
involvement or chemotherapy/radiation-induced peri-
cardial effusion (Table 65.1).

Tyrosine kinase inhibitors (dasatinib, imatinib, and 
nilotinib) are associated with an increased risk of peri-
cardial effusion [27]. All-transretinoic acid (ATRA), 
which is used to treat acute promyelocytic leukemia, 
can induce ATRA syndrome, characterized by a fever, 
dyspnea, hypotension, and pericardial or pleural effu-
sion [28]. The treatment rests on corticosteroids. 
Cardiogenic shock and tamponade have been reported 
in patients with ATRA syndrome [29].

Lethal tamponade has been reported in patients with 
thalassemia after busulfan administration during con-
ditioning for allogeneic stem cell transplantation. Cases 
of tamponade occurred between conditioning initiation 
and 30 days after stem cell transplantation [30].

Radiation therapy carries a high risk of pericardial 
effusion or pericarditis, with a time to onset ranging 
from 2 to 145 months. Pericardial constriction may 
develop over time [31].

Pericardial effusion and the associated risk of 
 tamponade constitute a major challenge given the 

unpredictability of this complication, substantial 
variability in time to onset, and frequent need for 
invasive therapeutic procedures. In a patient with a 
pericardial effusion, whether the chemotherapeutic 
regimen is involved and should be stopped may be 
difficult to determine. Close echocardiographic mon-
itoring to detect and monitor this complication is the 
only means of preventing life-threatening tamponade. 
Tamponade requires immediate needle aspiration of 
the pericardial fluid. Surgical drainage may be neces-
sary in patients with clotted hemopericardium, tho-
racic abnormalities contraindicating needle aspiration, 
or abundant and recurrent pericardial effusion [32].

65.5.2  Pulmonary Embolism

Similar to patients with solid malignancies, those with 
hematological malignancies are at increased risk for 
pulmonary embolism. Thrombocytopenia has not been 
reported as a significant protective factor [33].

Patients with suspected pulmonary embolism should 
be investigated for deep vein thrombosis and central 
venous catheter thrombosis [34]. Chemotherapeutic 
agents may promote venous thrombosis by altering 
coagulation factors and anticoagulant proteins, and by 
damaging the endothelium [35–37]. Moreover, several 
non-cytotoxic medications such as thalidomide are 
associated with a high rate of deep vein thrombosis, 
warranting routine prevention with warfarin, heparin, 
or aspirin [38]. In our patient, the clinical presentation 
and the lung opacities by chest X-ray were not sugges-
tive of pulmonary embolism.

Anticoagulant therapy for pulmonary embolism 
carries a high risk of severe bleeding in patients with 
marked thrombocytopenia. Despite the absence of spe-
cific data in the literature, a reasonable strategy may be 
to confirm the presence of thromboembolism (Doppler 
and/or computed tomography) before starting antico-
agulant therapy.

65.6  Clinical, Laboratory,  
and Imaging Findings

We will first briefly discuss the diagnostic value of 
clinical, laboratory, and imaging findings before mak-
ing the case that echocardiography is at present the 
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best tool for ruling in or out a cardiogenic cause 
of ARF.

65.6.1  Clinical, Laboratory,  
and X-Ray Findings

In theory, clinical findings indicating hypervolemia 
suggest hydrostatic pulmonary edema. However, sev-
eral studies have established that the clinical examina-
tion has limited diagnostic accuracy for volemic status 
assessment in patients with severe dyspnea [39, 40]. 
An S3 gallop has 90–97% specificity for cardiogenic 
pulmonary edema, but only 9–51% sensitivity [2]. 
Edema, rales, and jugular turgescence have insufficient 
sensitivity and specificity. In addition, several factors 
in patients with hematological malignancies can alter 
the blood volume distribution, causing concomitant 
accumulation of blood in the venous compartment and 
intraarterial hypovolemia, a situation known as relative 
hypovolemia. Factors associated with relative hypov-
olemia include hypoalbuminemia, hepatic failure, 
acute (or chronic) cor pulmonale, sepsis, and capillary 
leak syndrome.

Hypoalbuminemia and anemia have limited value 
for diagnosing hemodilution in patients with hemato-
logical malignancies. BNP is a marker for left ventric-
ular end-diastolic pressure (LVEDP) elevation. In an 
unselected population of emergency room patients 
with severe dyspnea, BNP was highly effective in dis-
tinguishing cardiogenic and noncardiogenic causes 
[41]. However, several limitations in interpreting BNP 
or N-terminal prohormone BNP (NT-proBNP) con-
centrations have been reported. More specifically, 
these concentrations may be affected by renal failure, 
inflammation, isolated right heart failure (i.e., related 
to pulmonary embolism), atrial fibrillation, and body 
mass index. Moreover, in critically ill cancer patients, 
NT proBNP failed to reliably identify cardiac dysfunc-
tion [42]. Nevertheless, NT-proBNP concentrations 
lower than 500 pg/mL in a critically ill cancer patient 
with ARF is a strong argument against a cardiogenic 
cause [42]. The troponin concentration and ECG may 
suggest myocardial ischemia or infarction. However, 
both tests are normal in patients with nonischemic car-
diogenic pulmonary edema.

Although chest X-ray findings may provide diag-
nostic orientation, none is specific of hydrostatic pul-
monary edema. The main difficulty in a patient with 

bilateral interstitial infiltrates is differentiating hydro-
static from lesional pulmonary edema. Acute respira-
tory distress syndrome (ARDS) may be caused by 
intersititial pneumonitis; drug-induced lung injury; or 
graft-versus-host disease presenting as idiopathic 
pneumonia after allogeneic stem cell transplantation, 
nonspecific interstitial pneumonitis, organized pneu-
monia, or bronchiolitis. The X-ray findings in patients 
with ARDS may be indistinguishable from those pro-
duced by hydrostatic pulmonary edema.

When seeking to distinguish cardiogenic from non-
cardiogenic ARF, a crucial step is the evaluation of heart 
function and, more specifically, of LVEDP. As discussed 
above, clinical, laboratory, and X-ray findings are not 
satisfactory diagnostic tools. Heart function in patients 
with ARF is best assessed using echocardiography.

65.6.2  Echocardiography

Pulmonary edema may be cardiogenic (i.e., hydrostatic 
or hemodynamic) or noncardiogenic (i.e., related to 
acute lung injury/ARDS with increased blood-vessel 
permeability). LVEDP is elevated in hydrostatic pul-
monary edema, but not in noncardiogenic pulmonary 
edema. Direct measurement of LVEDP requires pul-
monary artery catheterization to measure the pulmo-
nary arterial occlusion pressure (PAOP), which is not 
recommended as a routine investigation, given the risk 
of adverse events [43].

Since the 1980s, the role for echocardiography in 
the management of patients with hemodynamic or 
respiratory failure has increased considerably [44]. 
Echocardiography provides real-time information 
about systolic function, diastolic function, and left ven-
tricular pressure. Several studies have validated 
echocardiography versus pulmonary artery catheteriza-
tion for estimating cardiac output and PAOP in patients 
with a variety of conditions, including ICU patients. 
Contrary to pulmonary artery catheterization, echocar-
diography is noninvasive and can be used easily in 
many clinical situations. The LVEF is not sufficient to 
distinguish cardiogenic from noncardiogenic dyspnea, 
as it may be normal or elevated in patients with cardio-
logic pulmonary edema and, conversely, diminished in 
patients with ARDS or septic shock. Parameters that 
specifically reflect LVEDP must be used instead.

Several echocardiography parameters are available 
for estimating LVEDP (i.e., PAOP) from Doppler 
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echocardiography measurements during ventricular 
loading. Values suggesting a PAOP greater than 
18 mmHg strongly suggest hydrostatic pulmonary 
edema. Several indices of ventricular preload have 
been evaluated comparatively to PAOP in ICU patients. 
However, some of these parameters require consider-
able time and experience to obtain reliable values [45, 
46]. Furthermore, the correlation with PAOP depends 
on various factors, such as whether the LVEF is altered 
[47]. We recently looked for an echocardiographic 
parameter that was easy to determine accurately and 
both sensitive and specific for distinguishing cardio-
genic from noncardiogenic dyspnea in ICU patients 
with ARF [48]. We found that the best parameters were 
the ratio of early mitral inflow peak velocity (E) over 

early diastolic velocity of the lateral mitral annulus 
(Ea) recorded by Doppler tissue imaging (E/Ea) and 
the ratio of E over the E wave deceleration time (E/
EDT) (Fig. 65.2) [48]. For predicting cardiogenic ARF, 
an E/Ea ratio greater than 8 was 88% sensitive and 
80% specific, and an E/EDT ratio greater than 5 was 
92% sensitive and 87% specific.

Echocardiography is also the noninvasive method 
that is most widely used to detect and monitor myo-
cardial toxicity induced by anthracyclines or other 
chemotherapeutic agents. The LVEF is the most 
commonly used parameter. However, studies have 
demonstrated the importance of detecting diastolic 
dysfunction, which precedes systolic dysfunction 
in patients with anthracycline cardiotoxicity [49].

Fig. 65.2 Acute cor pulmonale in a patient admitted for acute 
pulmonary embolism. (a) Apical four-chamber view showing 
severe right ventricular dilatation (right/left ventricle diameter 

>1). (b) Parasternal short-axis view showing an eccentricity 
index (EI) >1 (EI = D1/D2). RV right ventricle, LV left ventricle, 
RA right atrium, LA left atrium
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a b

E max Vel 1.35m/s
E Decel time 201ms
E Decel rate 6.7m/s2
A max Vel 0.59m/s
E/A ratio 2.28

3. Ea O.108m/s
E/Ea 12.989

2. Ea 0.105m/s
E/Ea 12.989

1 . Ea 0.092m/s
E/Ea 15.302

Fig. 65.3 Mitral inflow pattern recorded using pulsed Doppler (a) and early diastolic velocity of the lateral mitral annulus recorded 
using tissue Doppler imaging (b) in a patient with elevated left ventricular end-diastolic pressure

Detection of pericardial effusion was among the 
first indications for echocardiography, which is still 
considered the best noninvasive tool for diagnosing 
tamponade. Echocardiography cannot establish the 
diagnosis of pulmonary embolism (except in the rare 
cases where a thrombus is visible in the proximal pul-
monary artery), but can detect the consequences of 
pulmonary embolism on the right ventricle. Features 
that are useful for the diagnosis and treatment of pul-
monary embolism include right ventricular dilatation, 
paradoxical septal movement, and pulmonary hyper-
tension with normal (or low) LVEDP (Fig. 65.3). 
However, none of these findings is specific for pul-
monary embolism, and all can occur in ARDS.

65.7  Conclusion

ARF is a common event in patients with hemato-
logical malignancies. The first step in the diagnostic 
strategy is to determine whether the cause is cardio-
genic edema, of which the main causes are acute  
and chronic heart failure, pericardial effusion, and 
pulmonary embolism. Based on the data in this 
chapter, we have developed a diagnostic algorithm 
(Fig. 65.4). Clinical, laboratory, and X-ray findings 
are helpful but not sufficient. Echocardiography is 
at present the best noninvasive tool for easily and 
rapidly providing reliable information on the cause 
of ARF.
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66.1  Introduction

Pulmonary alveolar proteinosis (PAP), also known as 
alveolar proteinosis, alveolar lipoproteinosis, or pulmo-
nary alveolar phospholipoproteinosis, is a rare lung dis-
order characterized by the abnormal accumulation of 
lipid-rich granular eosinophilic material (surfactant-like) 
within the alveoli. This material is made up of surfactant 
lipids and proteins, tubular myelin, membranous vesicles, 
and structures resembling lamellar bodies [1]. Three 
forms of PAP have been recognized: acquired (idiopathic) 
PAP, secondary PAP, and congenital PAP. Acquired PAP 
is the most common form, accounting for 90% of cases, 
and presents as a pulmonary disorder without any associ-
ated disease. The acquired form was first described in 
1958 [2]. Secondary PAP (5–10%) occurs in association 
with immunodeficiency syndromes (including AIDS and 
various malignancies, especially hematological) or com-
plicates exposure to environmental antigens: inhalation 
of mineral dusts (e.g., silica, titanium oxide, and alumi-
num) or insecticides, or exposure to various medications 
(Table 66.1). An association with cigarette smoking has 
also been suggested [3]. Congenital PAP is rare (2%). 
Affected neonates suffer from very rare gene mutations 
encoding for surfactant B or C proteins, receptors a or b 
of granulocyte macrophage-colony stimulating factor 
(GM-CSF), or ATP-binding cassette transporter A3 
[4–6]. The prevalence of acquired PAP has been esti-
mated to be 0.002–0.37 per 100,000 persons [7, 8].

66.2  Case Report

A 39-year-old woman was admitted to the intensive 
care unit (ICU) for acute respiratory insufficiency. She 
had smoked one pack of cigarettes daily since the age 
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of 20. She had no previous disease. She had been 
admitted 17 days earlier because of the diagnosis of 
acute myeloid leukemia (unclassified). Chemotherapy 
with idarubicine and cytosine arabinoside was immedi-
ately instituted, and treatment with granulocyte-stimu-
lating factor (G-CSF) was started on day 10. 
Echocardiography performed before treatment was 
unremarkable. Because of fever without microbiologi-
cal documentation, a broad-spectrum anti-infectious 
treatment was initiated at ICU admission: ceftazidime, 
amikacin, vancomycin, and amphotericine B deoxy-
cholate. One day before ICU admission, signs of respi-
ratory failure developed, and high-resolution computed 
tomography (HRCT) was performed (Fig. 66.1). It 
revealed diffuse ground-glass opacities and bilateral 
pleural effusion. On ICU admission, the respiratory 
rate was 30 breaths/min, temperature 36.3°C, blood 
pressure 97/60 mmHg, and pulse 115/min. Chest aus-
cultation revealed diffuse crackles. There were no heart 
murmurs, lymphadenopathy, or enlargements of the 
spleen and the liver. No skin rash or wounds 
were detected. Neurological examination was normal. 
Arterial blood gas analysis when breathing 100% 

 oxygen via a non-rebreathing mask showed: pH 7.54, 
PaO

2
 92.8 mmHg, PaCO

2
 23.4 mmHg, HCO

3
− 

20.6 mmol/L, and lactate 0.6 mmol/L. The white blood 
cells count was 0.1 Giga/L, platelet count 41 Giga/L, 
hemoglobin 9.1 g/dL, and hematocrit 24.6%. Renal 

Immune deficiency syndromes/chronic 
inflammation

Malignancies Infectious diseases Exposures

Acquired immunodeficiency syndrome Acute lymphocytic leukemia Nocardia asteroides Agricultural dust

Amyloidosis Acute myeloid leukemia Mycobacterium tuberculosis Aluminum dust

Subacute combined immunodeficiency 
disease

Chronic lymphocytic leukemia Mycobacterium avium-
intracellulare

Bakery flour dust

Fanconi’s syndrome Non-Hodgkin’s lymphoma Streptococcus pneumoniae Cement dust

Hypogammaglobulinemia Multiple myeloma Aspergillus sp. Chlorine

Idiopathic thrombocytopenic purpura Waldenström’s 
macroglobulinemia

Pneumocystis jiroveci Cleaning products

Juvenile dermatomyositis Myelodysplatic syndromes Candida sp. Fertilizer dust

Renal tubular acidosis Adenocarcinoma Cryptococcus neoformans Gasoline fumes

Congenital lymphoplasia Glioblastoma Histoplasma capsulatum Nitrogen dioxide

Aplastic anemia Melanoma Cytomegalovirus Paint
Petroleum
Sawdust
Silica
Synthetic plastic  
fumes
Titanium
Varnish

Table 66.1 Secondary causes of PAP

Adapted from Ref. [19]

Fig. 66.1 High-resolution computed tomography (HRCT) reveal-
ing diffuse ground-glass opacities and bilateral pleural effusion
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and hepatic functions were normal. Chest X-ray 
showed bilateral mid and lower lung field opacities 
with blunting of the lateral costophrenic angles 
(Figs. 66.2 and 66.3). The evolution was rapidly unfa-
vorable despite noninvasive ventilation and orotracheal 
intubation and mechanical ventilation was needed on 
day 2 after ICU admission. A fiberoptic bronchoscopy 
with bronchoalveolar lavage (BAL) was performed in 
the right inferior lobe. There was no macroscopic 
abnormality. The BAL fluid was noted to be hemor-
rhagic. Microbiological analysis (bacteriology, virol-
ogy, and mycology) remained negative, except for a 
positive Pneumocystis jiroveci polymerase chain reac-
tion. Cytological study revealed 500,000 cells/mL 
(macrophages: 82%, lymphocytes: 17%, mastocytes 
1%). There were no siderophages. Coloration with 
periodic acid-Schiff (PAS) was positive and revealed 
granular material compatible with PAP. Treatment with 
sulfametoxazole trimethoprime and steroids was initi-
ated. The evolution was rapidly unfavorable, and acute 
respiratory distress syndrome developed. On day 10, 
because of a positive Aspergillus antigenemia test and 
the occurrence of a generalized seizure, high- resolution 
cerebral CT was performed revealing bilateral focal 
lesions compatible with Aspergillus infection. 
Treatment with voriconazole was added. Despite this, 
the patient died on day 14 of multiple organ failure. 
She was still profoundly neutropenic. No autopsy was 
performed.

This observation emphasizes many points about 
PAP:

Its association with hematological malignancies, •	
especially myeloid ones
The existence of atypical radiological features in •	
secondary forms
The association of PAP with opportunistic agents, •	
such as P. jiroveci or Aspergillus fumigatus
The existence of neurological complications of •	
PAP, first in relation to opportunistic infections with 
potential cerebral localizations, such as Aspergillus 
sp. Cryptococcus neoformans or N. asteroides

66.3  Clinical Presentation of PAP

The clinical presentation is variable and nonspecific, 
often leading to months or years of misdiagnosis in 
primary cases of PAP. A recent study from Japan dis-
closed important clinical features of primary PAP: a 
male-to-female ratio of 2.1:1, median age at diagnosis 
of 51 years, and a 56% history of cigarette smoking 
[9]. Symptoms are frequently milder than expected 

Fig. 66.2 Chest X-ray showing bilateral mid and lower lung 
field opacities with blunting of the lateral costophrenic angles

Fig. 66.3 Idiopathic PAP; X-ray shows bilateral mid- and 
lower-lung field opacities in a butterfly distribution with normal 
hila
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from the radiographic findings, with up to 30% of 
patients having no symptoms. Others, however, pres-
ent with acute symptoms suggestive of pneumonia or 
subacute to chronic symptoms with nonresolving 
radiographic infiltrates. Dyspnea and cough are the 

most common presenting symptoms (Table 66.2) 
[3, 7, 9]. The lung examination is frequently normal 
despite grossly abnormal chest radiographs, although 
crackles, clubbing, and cyanosis may be detected. 
Uncommon but reported features include pneumotho-
rax and cor pulmonale.

66.4  Radiological Features

Many patterns of abnormalities on chest radiography 
can be seen. The classical description is a bilateral 
asymmetric alveolar filling pattern with perihilar infil-
trates extending to the periphery (lower more than 
upper), sparing the costophrenic angles and yielding a 
“butterfly” distribution. The absence of pleural effusion, 
cardiomegaly, and adenopathy may suggest PAP. 
HRCT shows patchy, ground-glass opacifications with 
superimposed interlobular septal and intralobular 
thickening, a pattern commonly referred as “crazy 
paving” (Figs. 66.4a–c, 66.5, 66.6). This pattern is not 

Symptoms and signs % of patients (n = 167)

Dyspnea 64

Cough 41

Crackles 28

Hemoptysis 21

Weight loss 18

Fever 16

Clubbing 15

Chest pain 14

Cyanosis 14

Table 66.2 Symptoms and signs of pulmonary alveolar 
proteinosis

Adapted from Ref. [7]

a

b

c

Fig. 66.4 (a–c) High-resolution computed tomography (HRCT) 
in a 59-year-old woman with progressive primitive alveolar pro-
teinosis despite therapeutic whole lung lavage. Initial HRCT (a) 
typically shows diffuse ground-glass attenuation with superim-

posed intra- and interlobular septal thickening and a patchy geo-
graphic distribution (i.e., “crazy paving” pattern). After whole 
lung lavage, an extension of images was observed (b) leading to 
subpleural consolidations (c)



77566 Pulmonary Alveolar Proteinosis

specific of PAP. Different diseases have been identified 
in association with “crazy paving” (Table 66.3) [10, 
11]. Recent data also suggest that such a finding is fre-
quent in autoimmune PAP (ground glass and “crazy 
paving”: 71% each), but rather infrequent in patients 
with secondary PAP (ground-glass 14% and crazy pav-
ing 33%) [12].

66.5  Pulmonary Function

The most common disorders of PAP are mild restric-
tion with a disproportionate reduction in diffusing 
capacity. Patients are often mildly hypoxemic with an 
elevated alveolar-arterial oxygen gradient and com-
pensated respiratory alkalosis (Table 66.4) [7]. The 

Mechanism Causes

Infectious Pneumocystis jiroveci pneumonia

Neoplasm Mucinous bronchioloalveolar 
carcinoma

Idiopathic Pulmonary alveolar proteinosis

Sarcoidosis

Nonspecific interstitial pneumonia

Cryptogenic organizing pneumonia

Inhalation Exogenous lipoid pneumonia

“Systemic” Acute respiratory distress syndrome

Pulmonary hemorrhage syndromes

Wegener granulomatosis

Goodpasture’s syndrome

Collagen-vascular diseases

Coagulopathy

Malignancies

Bone marrow transplantation

Table 66.3 Differential diagnosis of “crazy-paving” pattern on 
high-resolution computed tomography (HRCT)

Fig. 66.5 High-resolution computed tomography scan in 
65-year-old man hospitalized for acute respiratory distress. It 
was related to secondary PAP related to silica exposure. This 
image demonstrates “crazy paving,” which refers to bilateral 
ground-glass opacity that is associated with marked interlobular 
septal thickening and a sharp nonanatomic demarcation between 
normal and abnormal lung

Fig. 66.6 High-resolution computed tomography scan in 
65-year-old man hospitalized for acute respiratory distress. It 
was related to secondary PAP related to silica exposure. This 
image demonstrates “crazy paving,” which refers to bilateral 
ground-glass opacity that is associated with marked interlobular 
septal thickening and a sharp nonanatomic demarcation between 
normal and abnormal lung

Measure Mean value (n = 140)

Forced vital capacity 78% of predicted

Total lung capacity 77% of predicted

FEV
1
/FVC 0.85

DLCO 57% of predicted

PaO
2

67 mmHg

PaCO
2

34 mmHg

Table 66.4 Physiological measures in pulmonary alveolar 
proteinosis

Adapted from Ref. [7]

FEV
1
/FVC forced expiratory volume in 1 s divided by forced 

vital capacity, DLCO diffusing capacity for lung carbon 
monoxide
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shunt fraction is often elevated compared with patients 
with other diffuse lung diseases.

66.6  Diagnosis

Clinical and radiographic findings often suggest the 
diagnosis of PAP [12]. Laboratory data are of little 
utility in diagnosis. Serum lactate dehydrogenase, car-
cinoembryonic antigen, cytokeratin 19, surfactant pro-
teins A, B, or D, and mucin KL-6 may be elevated 
[13]. These findings are usually not helpful in making 
the diagnosis, and their value in predicting the severity 
of PAP or monitoring disease activity is actually 
unknown. In about 75% of suspected cases, findings 
on examination of BAL can establish the diagnosis. 
The fluid is usually opaque and milky in appearance, 
and spontaneously separates into a pale yellow, almost 
translucent supernatant and thick sediment. A cytospin 
preparation demonstrates the presence of amorphous, 
granular, and eosinophilic material that stains with 
PAS. The alveolar macrophages are large and foamy 
[13]. Open lung biopsy, traditionally considered to be 
the gold standard, is now largely unnecessary. When 
BAL is not sufficient for diagnosis, transbronchial 
biopsy specimens are usually sufficient. Biopsy speci-
mens reveal multiple nodular areas of consolidation, 
with PAS-positive acellular material filling the alveoli 
and terminal bronchioles. Importantly, the underlying 
architecture of the lung is usually preserved, with 
fibrotic changes leading to architectural distortion 
occurring only in advanced cases.

66.7  Complications

Secondary infections are the main complication of PAP, 
accounting for 18% of attributable mortality. No spe-
cific pathogen has been identified [3]. Although there is 
likely to be some degree of publication bias favoring 
the reporting of “unusual” organisms, opportunistic 
pathogens are over-represented among patients with 
PAP (Mycobacterium tuberculosis, M. avium-intracel-
lulare complex, Streptomyces sp., C. Neoformans, 
N. asteroides, Mucorales, Histoplasma sp., Coccidioidies 
immitis, Aspergillus sp., Blastomyces demartidis, and 

Acinetobacter sp.). No disease- or patient-related fac-
tors (especially duration of symptoms, treatment with 
corticosteroids, or smoking) could be identified as 
associated with the occurrence of infections to these 
unusual organisms [3]. Notably, a number of infections 
were disseminated, particularly those involving the 
central nervous system. Cerebral involvement has been 
reported in a few cases of PAP [14, 15]. There appear to 
be three main ways in which this can occur: cerebral 
infarction due to hypoxia (diffusion limitation in the 
lungs), vessel blockage with mucomycin protein, and 
having a predisposition to unusual pulmonary infec-
tions (mainly N. asteroides and Aspergillus sp.), which 
spread to form cerebral abscesses. Neurological signs 
are often seen, specific to the vascular territory in which 
the event occurred. Development of pulmonary fibrosis 
has been reported in isolated cases. Other complica-
tions include the development of pneumothorax or 
emphysematous bullas [16].

66.8  Treatment

Whole-lung lavage (WLL), allowing the removal of 
lipoproteinaceous material from the lungs, has boosted 
survival rates of patients with idiopathic PAP from 70% 
to 100% [3, 17]. It has been proposed since the early 
1960s, when segmental lavage was reported, and 
remains the standard of care today [12, 18, 19]. Because 
no prospective study of WLL is available, it is difficult 
to determine the effects of this procedure on prognosis. 
A retrospective analysis of 231 cases revealed signifi-
cant improvement in blood gases, physiological and 
radiological data, and survival [3]. WLL is associated 
with improvement in macrophage functions and a 
decreased incidence of opportunistic infections [16]. 
The median duration of freedom from recurrent symp-
toms, such as exertional dyspnea, appears to be approx-
imately 15 months, but is highly variable, with many 
patients needing only a single lavage [3]. A small num-
ber of patients do not respond to WLL, with younger 
age appearing to be the major predictor of poor response 
[3]. Moreover, it is difficult to determine exactly when 
WLL must be performed. In practice, reasonable indi-
cations seem to be dyspnea affecting the patient’s daily 
activities, a PaO

2
 < 60 mmHg on room air, or a shunt 

fraction greater than 12% [19]. WLL is performed 
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under general anesthesia with a double-lumen endotra-
cheal tube. One lung is lavaged with warm (36–37°C) 
neutral sterile saline (0.9% saline with 0.6 mmol 
sodium bicarbonate/l) while the other is being venti-
lated. Serial aliquots of saline are infused until the 
effluent is almost totally clear. This requires 20–40 L of 
saline. The second lung undergoes the same procedure 
either the same day or 3–7 days later [16]. Complications 
of WLL are overspill of lavage fluid in the ventilated 
lung related to a misplacement of the endotracheal 
tube, hypoxemia, barotraumas, pleural collections, 
hydropneumothorax, and emphysema. The lavage may 
also be done with fiberoptic bronchoscopy [20]. 
Treatment for secondary PAP involves treatment of the 
underlying condition or removal from exposure to the 
suspected environmental agent [21]. In the congenital 
forms, lung transplantation seems to be the only thera-
peutic option, with possible recurrence. Gene therapy 
is being researched [22].

66.9  Idiopathic PAP and GM-CSF

The first indication that GM-CSF may be central to 
idiopathic PAP pathogenesis derived from observa-
tions of GM-CSF knockout mices (GM-/GM-), who 
have normal life spans and normal circulating numbers 
of red and white blood cells, but were found at 3 weeks 
of age to have lung alveolar spaces filled with material 
like in PAP in humans [23, 24]. The role of GM-CSF 
in lung tissue was further confirmed when PAP devel-
oped, also without abnormal hematopoiesis, in geneti-
cally modified mice lacking one chain of the GM-CSF 
receptor (GM Rbc

) [25]. The GM-CSF receptor is 
expressed on type II pneumocytes and alveolar mac-
rophages. Pulmonary epithelial cells are a source of 
GM-CSF. Local intrapulmonary delivery of exogenous 
GM-CSF or alveolar overexpression of GM-CSF can 
correct the pulmonary pathology observed in GM-/
GM- mices. Notably, such mices also have other abnor-
malities, including a predisposition to infections and 
impaired macrophage functions [13]. Analysis of 
blood and BAL in patients with PAP revealed normal 
levels of GM-CSF and no detectable defects in gene-
encoding GM-CSF [13]. Advances in understanding 
the condition in humans were made in 1999 when the 
presence of circulating antibodies in both the serum 

and BAL of patients with idiopathic PAP was found 
[26]. These antibodies were IgG and neutralizing, 
binding to GM-CSF with a high affinity and specific-
ity. A large cohort study showed that 90% of patients 
with idiopathic PAP have such antibodies [9]. However, 
the presence of anti-GM-CSF antibodies is not 100% 
specific of idiopathic PAP, with very low rates having 
been reported in healthy subjects [27]. The precise 
mechanisms by which the lack of GM-CSF, either due 
to its complete absence in GM-/GM- mices or to its 
binding by antibodies (in idiopathic PAP), leads to sur-
factant accumulation is not yet known. It has been 
demonstrated that alveolar macrophages from GM-/
GM- mices exhibit decreased expression of PU.1, a 
transcription factor required for maturation of these 
cells [28]. These cells were unable to metabolize sur-
factant; however, when provided with GM-CSF 
in vitro, they expressed PU.1 and cell surface markers 
characteristic of mature macrophages, and acquired 
the ability to metabolize surfactant. Use of the anti-
GM-CSF assay seems to be very interesting in patients 
with idiopathic PAP, with a sensitivity of 100% and 
specificity greater than 91% [29]. Furthermore, the 
anti-GM-CSF antibody titer correlates with PAP activ-
ity and may predict the response to therapy with 
GM-CSF replacement. Comprehensive reviews of the 
role of GM-SF in idiopathic PAP are available in Refs. 
[3, 27, 30–32]. The discovery of anti-GM-CSF neu-
tralizing antibodies led to multiple trials evaluating the 
usefulness of GM-CSF, using subcutaneous or nebu-
lized administration, eventually in association with 
WLL [13, 19]. Another approach to this “autoimmune” 
disease is to try to eliminate antibodies using plasma 
exchange or to limit the overproduction using rituximab 
(http://www.clinicaltrials.gov/).

66.10  PAP and Hematological 
Malignancies

The association of PAP and hematological disorders is 
well established, and these forms are considered sec-
ondary PAP. The incidence of PAP in patients with 
respiratory symptoms was estimated to be 5.3% among 
all patients with hematological malignancies and to be 
10% in patients with myeloid disorders [33]. Such 
incidences have never been reported since this 
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publication. In a review of 3,500 children treated 
between 1962 and 2007 at one pediatric oncological 
institution, only five patients were diagnosed with sec-
ondary PAP [34]. Four of them had acute leukemia 
(three myeloid, one lymphoid) and one chronic myel-
oid leukemia (CML). In a review of 241 cases of PAP 
in China from 1965 to 2006, only three were associ-
ated with hematological malignancies (two chronic 
and one acute leukemia) [35]. PAP is most commonly 
encountered in acute myeloid leukemia (AML), CML, 
myelodysplastic syndrome (MDS), and lymphoblastic 
leukemia [33, 36–38]. The frequency of each hemato-
logical malignancy is difficult to determine specifi-
cally. In a recent radiological study concerning 21 
patients with secondary PAP, 12 were related to MDS, 
1 to CML, 1 to acute lymphoid leukemia, and 1 to 
aplastic anemia [12]. This secondary form is not well 
characterized. Pulmonary alveolar macrophages are 
largely bone marrow derived. One cause of PAP in leu-
kemia patients is alveolar infiltration by leukemic blast 
cells that lack functional GM-CSF signaling [38]. In 
pediatric patients who developed PAP at the onset of 
AML, the common b and/or a chain of the GM-CSF 
receptor was found to be deficient on leukemic blast 
cells obtained from bone marrow and BAL fluid [39, 
40]. The second cause is a profound depression in the 
development of alveolar macrophages. Third, the role 
of cytarabine and total body irradiation has been advo-
cated as a precipitating factor. Fourth, high titers of 
anti GM-CSF antibodies of multiple isotypes are often 
found in patients with active myeloid leukemia with-
out PAP [41]. They are usually non-neutralizing and 
probably independent of the development of PAP. 
Especially in these patients PAP may be misinterpreted 
as infection, particularly by P. jiroveci and viral pneu-
monia, given its nonspecific radiographic findings 
[42]. PAP associated with hematological malignancies 
is potentially reversible without undergoing WLL. The 
prognosis of such secondary forms appears to be 
related to the prognosis of underlying hematological 
malignancy and the curability of associated infections 
(Fig. 66.7). Resolution of PAP can occur after recovery 
of neutropenia or successful bone marrow transplanta-
tion (BMT) [32, 33, 43]. WLL may be used with suc-
cess, but always in association with the treatment of 
the underlying disease [44]. There is no report of 
GM-CSF therapy for hematological malignancies 
associated with PAP, although PAP symptoms resolved 
in one patient who received G-CSF [45].

66.11  Conclusion

PAP is a rare disease. Because of a lack of specificity in 
clinical and radiological presentation in the forms sec-
ondary to hematological malignancies, especially myel-
oid, it should be systematically considered in the diagnosis 
of acute respiratory failure in patients treated for such 
diseases. The prognosis seems to be related to the prog-
nosis of the underlying malignancy, recovery of neutro-
penia and the curability of any associated infection.
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67.1  Case Presentation

A 70-year-old male was diagnosed with stage I
A
 diffuse 

large B-cell lymphoma. The tumor cells were CD3−, 
CD20+, CD10−, BCL−6+, CD5−, and cyclin D1–. He 
received rituximab 375 mg/m2 and combination che-
motherapy with cyclophosphamide 750 mg/m2, epiru-
bicin 50 mg/m2, vincristine 2 mg, and prednisolone 100 
mg/day for 5 days (R-CEOP). The cycle was repeated 
every 3 weeks. He developed fever and dry cough  
14 days after the second cycle. Blood cultures, the chest 
radiograph (Fig. 67.1), and urine analysis failed to 
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Fig. 67.1 A chest radiograph showed unremarkable findings. 
No lung infiltrates, nodules, or tumors were visible
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identify the cause. Despite empirical antibiotic therapy 
(ceftriaxone 1 g every 12 h), the fever persisted for 5 
days. A whole-body computed tomography (CT) scan 
revealed a solitary pulmonary nodule measuring 2.3 × 

1.0 cm in the right lower lung (Fig. 67.2). At that time, 
the CD4 lymphocyte count was 187/mm3, serum immu-
noglobulin G level was 507 mg/dL, and screening for 
HIV was negative. Video-assisted thoracic wedge 
resection of the nodule was performed. Microscopic 
examination of the nodule showed non-necrotizing 
granulomatous inflammation with eosinophilic frothy 
exudates in the centers of the granulomas (Fig. 67.3a). 
Pneumocystis jiroveci cysts were demonstrated by 
Gomori’s methenamine-silver nitrate stain (Fig. 67.3b). 
A diagnosis of granulomatous P. jiroveci pneumonia 
(PJP) was given. The fever subsided after surgery. 
Trimethoprim–sulfamethoxazole was given for 21 
days. In all, six R-CEOP cycles were given, and no fur-
ther infections developed after the additional cycles.

67.2  Discussion

Hematological malignancies raise challenges in pul-
monary care. The patients often have immunosuppres-
sion related both to the disease and to the treatment. 
Although bacterial and fungal infections predominate, 
opportunistic infections such as PJP may occur [1], as 
illustrated by our case report.

Patients with PJP typically have diffuse interstitial 
pulmonary infiltrates. However, atypical features such 
as cavitary or granulomatous lesions have been 
reported [2, 3]. Granulomatous PJP occurs in patients 
with acquired immunodeficiency syndrome (AIDS) 
and, less frequently, in patients with lymphoma or leu-
kemia. In a retrospective report, granulomatous PJP 
was found in 5% of lung biopsy specimens from AIDS 
patients with PJP [3]. The incidence among patients 
with hematological malignancies is unclear. Even in 
its granulomatous form, PJP usually manifests as dif-
fuse multiple infiltrates. A solitary pulmonary nodule 
as the only radiological finding is unusual [4].

Granulomatous PJP has been reported in patients 
with various hematological malignancies, including 
chronic lymphocytic leukemia (CLL), small lympho-
cytic lymphoma (SLL), prolymphocytic leukemia 
(PLL) [2, 5, 6], non-Hodgkin lymphoma [4, 7], 
Hodgkin’s lymphoma [5], multiple myeloma [8], and 
acute and chronic myeloid leukemias [8, 9]. In the 
English-language literature, 14 cases of granuloma-
tous PJP in patients with hematological malignancies 
have been reported. The clinical features in these 
patients are summarized in Table 67.1. It is noteworthy 

Fig. 67.2 Computed tomography showed sub-segmental con-
solidation (arrow) in the posterior basal segment of the right 
lower lobe with homogeneous enhancement

a

b

Fig. 67.3 Histology of the wedge resection specimen. (a) 
Frothy exudate in the center of a granuloma (hematoxylin and 
eosin stain, ×400). (b) Pneumocystis jiroveci cysts in the exudate 
(Gomori’s methenamine-silver nitrate stain, ×400)
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that bronchoscopy with bronchoalveolar lavage, which 
is frequently performed in an attempt to isolate the 
offending microorganism in patients with pulmonary 
infections, was positive in only 1 of the 11 patients 
who had this procedure. Thus, a biopsy is often needed 
to establish the diagnosis. The patients fall into two 
main groups depending on whether they received stem 
cell transplantation (n = 4) or chemotherapy or target 
therapies without transplantation (n = 10). It is well 
recognized that autologous or allogeneic stem-cell 
transplantation is associated with profound immuno-
suppression. Opportunistic infections, including PJP, 
are of considerable concern in stem cell transplant 
recipients, in whom routine prophylaxis is therefore 
recommended [10–12]. Granulomatous PJP in these 
patients may be more closely related to stem cell trans-
plantation than to the underlying disease (Table 67.1). 
However, in nontransplanted patients, both the under-
lying disease and the cytotoxic chemotherapy or 
immunotherapy contribute substantially to suppress-
ing the immune system. As shown in Table 67.1, no 
patient in this group had acute myeloid leukemia, 
myelodysplastic syndrome, or chronic myeloid leuke-
mia. All patients in this group had lymphocytic leuke-
mia or lymphoma. Because prolymphocytic leukemia 
(PLL) and small lymphocytic lymphoma (SLL) repre-
sent different phases of chronic lymphocytic leukemia 
(CLL), similar or identical treatments are used in 
these three diseases. The CLL/PLL/SLL constellation 
accounted for six of the ten nontransplanted patients 
(4 CLLs, 1 SLLs, and 1 CLL with PLL progression) 
[2, 5, 6, 13, 14]. Thus, CLL/SLL/PLL may be associ-
ated with greater susceptibility to granulomatous PJP 
infection. Such susceptibility may be related to several 
factors. CLL is associated with impaired T-cell and 
B-cell functions [15]. In addition, CLL patients are 
often older, and many of them receive corticosteroids 
at some point of their treatment.

Rituximab is a monoclonal antibody against CD20, 
a marker expressed by nearly all B-cells and B-lineage 
lymphoid neoplasms. The use of rituximab in addition 
to chemotherapy increases the risk of viral reactivation 
(e.g., cytomegalovirus and hepatitis B virus) [16] and 
of opportunistic infections, including PJP. Because 
rituximab significantly increases the efficacy of che-
motherapy for diffuse large B-cell lymphoma, adding 
rituximab to treatment protocols is becoming standard 
practice [17, 18]. Currently, routine PJP prophyl - 
axis has not been suggested for patients receiving 

rituximab-based treatment, except selected patients on 
highly intensive regimens [19]. There are increasing 
reports of PJP following rituximab and chemotherapy 
[1, 19–22]. It is likely that PJP will become a poten-
tially serious threat in such patients. Clinicians must be 
aware that PJP does not always manifest as typical dif-
fuse interstitial infiltrates, as illustrated by our case 
report.

The mechanism of granuloma formation in PJP is 
unclear. In a study by Totet et al., granuloma formation 
was not related to any specific P. jiroveci genotype 
[23]. Therefore, it was suggested that granuloma for-
mation may be mediated by host factors [23]. This 
possibility remains to be investigated, however.

In conclusion, our experience illustrates the diffi-
culty of diagnosing PJP in patients with atypical radio-
logical features. Invasive diagnostic procedures are 
often required to establish the definitive diagnosis. 
Clinicians should be aware that PJP can manifest as a 
solitary pulmonary nodule.
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68.1  Background

Pulmonary infiltrates are common during the course of 
hematological malignancies [1, 2]. Diagnosing the cause 
of these infiltrates can be difficult, given the large num-
ber of possibilities and the difficulties raised by invasive 
pulmonary investigations, most notably in patients 
with severe respiratory function impairment [3]. Bron-
choalveolar lavage (BAL) performed during fiberoptic 
bronchoscopy (FOB) can provide information about the 
cells involved in the alveolar process. It can also identify 
pathogens. In most cases, however, BAL fails to indicate 
the specific type of reaction or inflammatory process [4]. 
Transbronchial or surgical lung biopsy is difficult to per-
form in this setting. Moreover, lung biopsy histology 
usually indicates the pattern of the disorder but not the 
cause. For instance, inflammation with predominant 
alveolar CD8+ T lymphocytes may be related to drug 
toxicity [5], a viral infection [6], lymphocyte activation 
associated with a B- or T-cell proliferation, or lym-
phomatous lung infiltration [7].

Lymphoproliferative disorders, most notably T-cell 
lymphoma and other T-cell lymphoproliferative disor-
ders, may manifest as parenchymal lung infiltration 
[8–11]. Anaplastic large T-cell lymphoma (ALCL) 
belongs to the peripheral T-cell lymphoma group in the 
WHO classification [12] and accounts for about 2–8% 
of non-Hodgkin’s lymphomas in adults and about 15% 
in children [13]. ALCL may be peripheral (cutaneous) 
or systemic. Immunohistochemistry shows a CD30+, 
CD 20−, EMA + pattern; highly chemosensitive ALCLs 
are also positive for anaplastic lymphoma kinase 
(ALK+). The clinical manifestations may include 
lymph node enlargement, hemophagocytosis, and lung 
infiltrates. Determining whether the lung infiltrates are 
due to the tumor cells or to an inflammatory T-cell 
response is difficult.
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68.2  Case Description

We describe the case of a 60-year-old woman who was 
admitted to the intensive care unit (ICU) of our respi-
ratory diseases department for respiratory distress with 
lung infiltrates on the chest roentgenogram. She had a 
smoking history of eight pack-years. In June 2006, 
panniculitis developed. She was found to have 
hemophagocytic lymphohistiocytosis syndrome and 
was diagnosed with anaplastic T-cell lymphoma with 
CD 30+ cells (ALCL) based on a skin lesion biopsy 
done in March 2007. She tested negative for HIV. 
First-line treatment was with six courses of CHOP 
chemotherapy (cyclophosphamide, adriamycin, vin-
cristine, and prednisone). She achieved complete 
remission with normal findings by fluorine-18-fluoro-
deoxyglucose positron emission tomography (FDG-

PET). In September 2007, she underwent autologous 
stem cell transplantation for consolidation.

A cutaneous relapse with hemophagocytic lympho-
histiocytosis syndrome occurred in June 2008. She 
received second-line treatment with ESHAP chemo-
therapy (etoposide, methylprednisolone, cytarabine, 
and cisplatin). A new FDG-PET scan showed resolu-
tion of the skin lesions after three courses of ESHAP 
chemotherapy; however, soft tissue infiltration with 
increased lymph node uptake was noted in one leg.

The fourth ESHAP course scheduled for early 
October 2008 was not performed because she had a 
fever. Dyspnea developed rapidly, worsening over the 
next week. Computed tomography (CT) of the chest 
showed subtle ground-glass opacities predominating in 
the left upper lobe and sparing the subpleural area, 
with tiny superimposed micronodules (Fig. 68.1a). She 

a

b

c

Fig. 68.1 Findings by computed tomography (CT) of the chest. 
(a) Initial CT scan, thin axial slice with lung window. Subtle 
ground-glass opacities predominating on the left side with tiny 
superimposed micronodules. Note the sparing of the subpleural 
area. (b) Follow-up CT scan, thin axial slice with lung window. 
Note the increased ground-glass opacities with some alveolar 
consolidation at the level of the apical segment of the right upper 

lobe. In addition, the micronodules are more numerous, and 
some of them have a perilymphatic distribution along the inter-
lobular septa (arrows). Note the bilateral pleural effusion pre-
dominating on the right side. (c) Follow-up CT scan, axial slice 
with soft window after contrast medium administration. 
Subcarinal and bilateral hilar lymph nodes and bilateral pleural 
effusion predominating on the right side
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was admitted to the ICU because of increasing oxygen 
requirements (partial arterial oxygen pressure [PaO

2
], 

61 mmHg on 15 L/min oxygen flow). FOB-BAL was 
performed. No pathogens were recovered from micro-
biological samples. BAL fluid cytology indicated 
 lymphocytic alveolitis (380,000 cells/mL with 24% 
lymphocytes and a predominance of CD8+ cells). The 
initial diagnosis was drug-induced pneumonitis due 
either to cytarabine or to rosuvastatin, which she was 
taking for hypercholesterolemia. The rosuvastatin was 
stopped, and prednisone 1 mg/kg/day was started 7 days 
later. Her clinical condition improved. She did not 
require mechanical ventilatory support and was dis-
charged from the ICU in late October 2008, although 
she still needed supplemental oxygen.

Two weeks later, gradually worsening respiratory 
distress developed. Increased ground-glass opacities 

with some alveolar consolidation were noted in the 
apical segment of the right upper lobe, as well as 
increased numbers of micronodules, some of which 
had a perilymphatic distribution. Moreover, mediasti-
nal and hilar lymphadenopathy was visible on a fol-
low-up CT scan, as well as a bilateral pleural effusion 
predominating on the right side (Fig. 68.1b and c). She 
was readmitted to the ICU with high-flow oxygen sup-
port. Magnetic resonance imaging of the legs visual-
ized two soft tissue lesions on the right foot and bone 
marrow infiltration in both legs. A repeat FOB-BAL 
procedure again indicated lymphocytic alveolitis (45% 
of total cells, with a predominance of CD8+ cells). She 
had hemophagocytic lymphohistiocytosis syndrome. 
A bone marrow biopsy showed massive infiltration by 
the ALCL (Fig. 68.2). A treatment withholding deci-
sion was taken, and she died a few days later.

a

b

c

Fig. 68.2 Anaplastic large cell lymphoma, bone marrow 
involvement. (a) Massive infiltration of the marrow spaces by 
malignant cells (H&E, original magnification × 100). (b) The 
cells are large with nuclei containing prominent nucleoli. There 

is a hallmark cell (arrow) with a horseshoe-shaped nucleus 
(H&E, original magnification × 400). (c) The tumor cells 
express CD30 (immunoperoxidase technique, original 
magnification × 200)
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68.3  Discussion

Respiratory distress with parenchymal lung involve-
ment is a common complication during the course of 
hematological malignancies. A number of causes must 
be considered.

The main cause of respiratory symptoms in patients 
with hematological malignancies is infection with 
opportunistic or pyogenic bacteria [1, 3]. In our patient, 
the extensive search for infectious agents included 
blood cultures for bacteria and fungi; serum PCR tests 
for cytomegalovirus and Toxoplasma gondii; and tests 
on BAL fluid for bacteria, fungi, and viruses, performed 
on two occasions. Moreover, the presence of compro-
mised T-cell functions and the limited ground-glass 
opacities on the first chest CT scan contrasting with 
severe hypoxia prompted testing for Pneumocystis 
jirovecii using silver stain, immunofluorescence, and 
PCR on BAL fluid samples. No pathogens were found.

Several drugs are known to cause respiratory dis-
tress with lung infiltrates [14], including cytarabine 
and rosuvastatin, both used by our patient. In addition, 
the timing of the manifestations relative to the drug 
exposures, the chest CT scan findings, and the BAL 
cytological pattern supported drug-induced pneumoni-
tis. The symptoms improved initially with discontinu-
ation of the two drugs and steroid therapy, but worsened 
2 weeks later, although neither drug had been reintro-
duced and the steroid dose had remained unchanged. 
Thus, the course did not support drug toxicity as the 
cause of the respiratory symptoms.

Transthoracic echocardiography showed no evi-
dence of cardiac dysfunction. BAL fluid cytology, 
done twice, did not indicate alveolar hemorrhage.

Finally, we concluded that polyclonal CD8+ T-cell 
activation associated with an ALCL relapse was the 
most likely diagnosis in our patient.

Relapse of the ALCL was suspected when an FDG-
PET scan performed after three courses of second-line 
ESHAP chemotherapy visualized two new skin lesions 
on a leg. The relapse was confirmed when a bone mar-
row biopsy done during the second ICU stay showed 
massive ALCL infiltration.

The mechanism responsible for the lung infiltrates 
deserves discussion. Massive infiltration of the lungs 
by tumor cells has been described in several articles 
[9]. Extranodal involvement occurs in 25–65% of 
patients with ALCL [9]. Although the skin is selec-
tively affected, lung involvement has been reported in 
up to 12% of patients [9]. Several patients with ALCL 

had lung involvement as the only manifestation, with 
masses and nodules because of infiltration by the tumor 
[11]. In our patient, ground-glass opacities were seen 
on the first chest CT, and consolidations were also 
present subsequently, but only micronodules (and no 
nodules) were visible. FDG-PET showed no lung 
uptake, despite the presence of respiratory symptoms. 
Finally, no ALCL cells were found in either of the 
BAL fluids. The CD8+ T cells found in both BAL flu-
ids were polyclonal activated cells.

Although none of these findings definitively rules 
out massive lung parenchyma infiltration by the ALCL, 
a more likely explanation is polyclonal CD8+ T-cell 
activation associated with the ALCL relapse. 
Hemophagocytic lymphohistiocytosis syndrome is 
common in ALCL and was found in our patient ini-
tially and when the ALCL relapsed. T-cell-receptor 
activation of CD8+ cytotoxic T cells has been described 
during hemophagocytic lymphohistiocytosis syndrome. 
Thus, the lung involvement in our patient may have 
been one of the manifestations of hemophagocytic 
lymphohistiocytosis syndrome [15]. However, this 
entity is controversial [15]. Pulmonary infiltrates asso-
ciated with hemophagocytic lymphohistiocytosis are 
considered manifestations of capillary leak syndrome. 
One possibility is that CD8+ T cells infiltrated the lungs 
of our patient as a result of ALCL-related upregulation 
of CD8+ cytotoxic T cells. BAL fluid cytology on both 
samples indicated lymphocytic alveolitis with a pre-
dominance of activated CD8+ T cells and no tumor 
cells. Furthermore, CD8+ T-cell activation has been 
described in peripheral T-cell lymphoma [16].

Regardless of the cause of the lung involvement in 
our patient, controlling or curing the underlying malig-
nancy would have been the only effective treatment. 
However, the ALCL relapsed during second-line che-
motherapy. The family, hematology department team, 
and ICU team decided together that withholding life-
support while providing optimal comfort care was the 
best course of action.
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69.1  Introduction

Intravascular lymphoma (IVL) is an intravascular pro-
liferation of clonal lymphocytes with minimal or absent 
parenchymal involvement. The clinical presentation is 
highly variable, ranging from little or no organ involve-
ment to multiple organ failure. Therefore, the diagnosis 
is often difficult. Proliferation of lymphoma cells in the 
blood vessels of parenchymal organs results in vessel 
occlusion and ischaemia. We report the case of a patient 
who had intravascular lymphoma with  predominant 
pulmonary involvement, presenting as acute respira-
tory failure and malignant pulmonary embolism.

69.2  Case Report

A 38-year-old man was admitted to the intensive care 
unit in May 2005 for acute respiratory failure and pro-
longed fever. He had had an unremarkable medical 
history until 5 months earlier, when he was evaluated 
for weight loss of 15 kg and a fever. Physical findings 
were normal at the time. Appropriate investigations 
failed to demonstrate any bacterial, viral, parasitic, or 
mycobacterial infection, including infection due to 
intra-cellular bacteria, HIV, hepatitis B virus, hepatitis 
C virus, tuberculosis, typhoid, syphilis, or brucellosis. 
Tests were negative for antinuclear antibodies, rheu-
matoid factors, and anti-neutrophil cytoplasmic anti-
bodies. No monoclonal immunoglobulin was detected 
in the serum or urine. Thoracic and abdominal com-
puted tomography (CT) was normal except for homo-
geneous splenomegaly. In April 2005, bone marrow 
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aspiration demonstrated haemophagocytosis with no 
other abnormalities, and a lymphoproliferative disor-
der was therefore suspected. The bone marrow biopsy 
was normal and diagnostic splenectomy was per-
formed, but the pathologic examination of the spleen 
was inconclusive. The high suspicion of histiocytic 
lymphohistiocytosis and lymphoproliferation prompted 
steroid therapy, which transiently improved the clini-
cal condition.

In May 2005, he developed acute respiratory failure 
with profound hypoxemia (PaO

2
 35 mmHg on room 

air) and a shunt effect that was only partly corrected by 
oxygen (PaO

2
 51 mmHg and PaCO

2
 25 mmHg on  

5 L/min O
2
). He was referred to the ICU with a clinical 

diagnosis of highly probable pulmonary embolism 
with acute right heart failure.

In addition to persistent fever (39.3°C), the physical 
findings consisted of an exanthema and jugular vein 
distension, with no other signs of heart failure. The 
clinical examination was otherwise unremarkable. The 
clinical and radiological examination found no evi-
dence of pneumonia or bronchiolitis. Ultrasonography 
of the deep leg veins was normal. The haemoglobin 
level was 10.6 g/dL (mean corpuscular volume, 94 fl; 
mean corpuscular haemoglobin 31.2 pg), and the plate-
let count was 117 g/L. The peripheral blood picture 
was unremarkable. The serum lactate dehydrogenase 
level was elevated (1,164 U/L).

Chest CT ruled out proximal or sub-segmental pul-
monary embolism, but the ventilation/perfusion lung 
scan indicated a high probability of pulmonary embo-
lism with multiple bilateral and distal perfusion defects 
and no evidence of a right-to-left shunt (Fig. 69.1, left 
panel). Cytological examination of skin biopsy smears 
showed several abnormal lymphocytes suggesting 
lymphoma. Skin biopsy histological studies identified 
large pleiomorphic cells expressing CD20 and located 
within the blood vessels, establishing the diagnosis of 
intravascular lymphoma (Fig. 69.2).

69.3  Discussion

Intravascular large B-cell lymphoma is a rare disease 
characterised by exclusive or predominant growth of 
the neoplastic cells within the lumina of small blood 
vessels [1]. Lymphoma cell proliferation within the 
blood vessels of parenchymal organs results in ves-
sel obstruction and ischaemia. The diagnosis is 

established antemortem in fewer than half the 
patients. Lung involvement seems common but is 
rarely at the forefront of the clinical picture [2,3]. To 
the best of our knowledge, only four cases with pul-
monary hypertension or suspected pulmonary embo-
lism have been described [2,4,5]. Anthracycline-based 
chemotherapy has been reported to produce a nearly 
60% response rate and a 3-year overall survival rate 
higher than 30%. Therefore, CHOP and CHOP-like 
regimens are considered effective [6]. Fever of 
unknown origin is the presenting feature in 60% of 
patients with intravascular lymphoma and is fre-
quently associated with haemophagocytic lympho-
histiocytosis [6]. Although our patient did not 
meet all the usual criteria for this syndrome, the clin-
ical presentation (bicytopenia, prolonged fever, and 
splenomegaly), together with the typical appearance 
of haemophagocytosis in the bone marrow aspirate, 
was highly suggestive of haemophagocytic lympho-
histiocytosis and, therefore, of lymphoma [6,7]. 
Pulmonary involvement with haemophagocytic lym-
phohistiocytosis may occur in up to 30% of patients, 
but is usually associated with pulmonary infiltrates 
[8]. In our patient, the clinical course, negativity of 

Fig. 69.1 Perfusion lung scan before (left panel) and after (right 
panel) cancer chemotherapy
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extensive investigations for acute and chronic pul-
monary infections, and absence of pneumonia or 
bronchiolitis allowed us to rule out an infectious dis-
ease. Non-thrombotic pulmonary embolism was 
diagnosed based on the high-probability ventilation/
perfusion lung scan with normal CT findings, absence 
of deep vein thrombosis, and presence of abnormal 
lymphocytes.

Cancer chemotherapy (cyclophosphamide, adri-
amycine, VP16; and steroids [CHOP]) for malignant 
vascular pulmonary involvement was started immedi-
ately. The patient’s clinical condition improved dra-
matically. Five days after ICU admission, he needed no 
oxygen, and a repeat perfusion lung scan was normal 
(Fig. 69.1, right panel). After six chemotherapy cycles 
(CHOP-methotrexate with rituximab), he was consid-
ered in complete remission. High-dose chemotherapy 
with autologous stem cell transplantation was carried 

out. He was alive and in complete remission at last 
follow-up 52 months after ICU admission.

69.4  Conclusion

In patients with malignancy-related organ failure and a 
high suspicion of active malignancy, emergent chemo-
therapy combined with appropriate supportive care is 
the only means of ensuring recovery. In a recent series 
of selected patients, we found that survival was 50% in 
cancer patients with malignancy-related organ failure 
treated with immediate cancer chemotherapy, mechani-
cal ventilation, vasopressors, and dialysis [9]. The case 
reported here indicates that intravascular lymphoma can 
result in pre-capillary pulmonary arterial hypertension 
and can cause life-threatening manifestations requiring 

a b

c

Fig. 69.2 Cutaneous punch biopsy showing an intra-vascular lymphocytic infiltrate (a) composed of large atypical cells (b) that were 
CD20 positive on an IHC stain (c).
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emergent chemotherapy. In the sickest patients with 
life-threatening complications, a high suspicion of 
malignancy together with the presence of abnormal 
cells should prompt appropriate cancer therapy before 
the definitive diagnosis is established in order to restore 
organ function and to increase the chances of survival.
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70.1  Case Report

A 44-year-old woman was admitted to the ICU with 
hypotension, respiratory failure, and abdominal pain. 
She had been diagnosed 1 month earlier with hairy cell 
leukemia and admitted to the hematology department, 
where she was given cladribine, with no short-term 
complications. Two days after returning home, she 
started having a fever and took amoxicillin and cipro-
floxacin. Her fever persisted, and she was readmitted. 
She had a cough and a maculopapular rash on the arms, 
legs, and trunk. Findings were negative from all micro-
biologic samples, including sputum, nasopharyngeal 
aspirates, and blood and urine samples for antigen 
detection (Legionella) and PCRs (CMV, HSV, and 
HHV6). Computed tomography of the chest was nor-
mal. She was switched to piperacillin and tazobactam. 
Her fever and rash persisted, and 3 days later her 
 treatment was changed to aztreonam, teicoplanin, and 
caspofungin. The rash faded, and 1 week later she 
became afebrile. At the time, she had neutropenia 
and received granulocyte colony-stimulating factor 
(G-CSF).

One week later, she again became febrile and had 
abdominal pain and jaundice. Hypotension and respi-
ratory failure developed, prompting ICU admission. 
At admission, her breathing rate was 27/min, her blood 
pressure was 116/51 mmHg after fluid resuscitation, 
her heart rate was 139 bpm/min, and her body tem-
perature was 38°C. The physical examination showed 
dyspnea with orthopnea and crackles in the lower right 
lung field, as well as jaundice and abdominal pain pre-
dominating in the left upper quadrant. She had no skin 
lesions, urinary symptoms, mucitis, or peritoneal effu-
sion. She started having diarrhea on the day of ICU 
admission. The central venous catheter was unremark-
able. She had normal serum levels of electrolytes, 
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calcium, urea, and creatinine, and high serum levels of 
alkaline phosphatase, gamma-glutamyl transferase, 
and biluribin (twice the upper limit of normal). Blood 
cell counts showed 1,200 leukocytes/mm3 with 800 
eosinophils/mm3. Bilateral interstitial disease with 
alveolar consolidation of the lower right lobe with 
pleural effusion was seen on chest X-ray (Fig. 70.1). 
Computed tomography (CT) of the chest visualized 
signs of interstitial pneumonia with visible interlobular 
septa and nodular lesions in the lower lobes, but no 
ground-glass opacities or pleural effusion (Fig. 70.2). 
Findings were normal on the CT of the abdomen, with 
no evidence of peritonitis or lesions in the liver, 

bladder, or pancreas. An ultrasound scan of the abdo-
men visualized multiple micronodules in the liver.

Over the first 12 h, her dyspnea worsened, and 
her oxygen requirements increased to 10 L/min. She 
also required norepinephrine at a dosage of up to 
0.45 mg/kg/min. Her antibiotic treatment was a com-
bination of aztreonam, teicoplanin, spiramycin, 
caspofungin, and gentamicin. G-CSF therapy was 
discontinued.

70.2  Suspected Diagnoses

At ICU admission, a number of diagnoses were 
suspected.

1. Infection

(a)  Pulmonary infection was the most likely diag-
nosis given the recent history in our patient. 
Hairy cell leukemia is associated with altera-
tions in humoral immunity and monocyte func-
tion [1], which increase the risk of infections 
due to intracellular bacteria (i.e., Legionella, 
Mycobacteria, Chlamydia, Listeria monocyto-
genes, fungi, and tuberculosis). In addition, 
cladribine therapy is associated with leukopenia. 
The combination of pulmonary involvement and 
abdominal symptoms at admission was consis-
tent with pulmonary legionellosis, but two urine 
tests for Legionella antigen were negative, and 
spiramycin therapy was consequently stopped 
on day 2. Legionella urine antigen detection is 
highly sensitive for Legionella type 1, the most 
common subtype found in patients with com-
munity-acquired legionellosis in France [2]. 
This patient did not have risk factors for hospi-
tal-acquired legionellosis.

(b)  Catheter-related infection or bloodstream infec-
tion-related acute lung injury. The catheter was 
removed and cultured, with negative results.

(c)  Gastrointestinal infection. Colitis and typhlitis 
occur during neutropenia. However, neutrope-
nia in this patient was mild and brief. In addi-
tion, she had no abdominal symptoms during 
neutropenia. The abdominal pain and diarrhea 
developed during neutropenia recovery. The 
likelihood of  neutropenia-related colitis was 
therefore low. Angiocholitis was considered 
because she had jaundice and small liver 

Fig. 70.1 Chest X-ray at ICU admission showing bilateral 
interstitial pneumonia and lower right lobar alveolar syndrome 
with atelectasis

Fig. 70.2 Computed tomography at ICU admission showing 
interstitial pneumonia with reticulation and no pleural effusion
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 nodules. Septic shock due to abdominal infec-
tion can cause respiratory  symptoms. However, 
this diagnosis was ruled out by the ultrasound 
findings and clinical follow-up. The laboratory 
tests showed no evidence of acute pancreatitis.

(d)  Candidiasis. Hepatic cholestasis with nodular 
liver lesions and pulmonary involvement can be 
caused by deep-seated Candida infection. The 
patient was neutropenic and had a fever, abdom-
inal symptoms, hepatic lesions, and abnormal 
liver function tests.

(e)  Viral infection. The liver dysfunction and respi-
ratory distress were consistent with a viral 
infection due, for instance, to the cytomegalovi-
rus or to a herpes virus.

2. Noninfectious diseases

(a)  Cardiogenic pulmonary edema. Acute respira-
tory failure with abnormal liver function tests 
can be related to heart failure. Fluid resuscita-
tion was followed by increased dyspnea, and 
the patient had orthopnea. However, at admis-
sion her ECG and cardiac enzyme levels were 
normal.

(b)  Hypersensitivity. The rash and increased 
eosinophil count suggested an allergic reaction. 
She received several antibiotics after cladribine 
therapy. The rash developed during penicillin 
treatment. The elevated eosinophil count after 
neutropenia recovery was highly suggestive of 
an allergy. The respiratory and hepatic symp-
toms were consistent with hypersensitivity to 
cladribine and/or antibiotics.

70.3  Results of Investigations 
and Outcome

The following investigations were performed to evalu-
ate the above-listed diagnostic hypotheses.

Bronchoalveolar lavage: The fluid contained 55,000 •	
cells/mm3, with 32% lymphocytes, 4% macrophages, 
62% eosinophils, and 20% siderophages. No patho-
gens were found (Fig. 70.3).
Transthoracic echocardiography showed a left •	
 ventricular ejection fraction of 45% with systolic and 
diastolic dysfunction, but no dilated cardiomyopathy.
Blood PCR tests were negative for cytomegalovi-•	
rus, herpes viruses, and parvovirus B19.
A liver biopsy on day 3 was normal, with no infec-•	
tion, veno-occlusive disease, eosinophilic infiltrate, 
fibrosis, or inflammation.
Bone marrow smears showed a low cell count with •	
10% of eosinophils, no pathogens, and a positive 
PCR test for HHV6 (5 log).

On day 2, her peripheral leukocyte count was less than 
500/mm3, but her clinical status was improved. She 
was given G-CSF until her leukocyte count returned to 
normal. On day 3, her liver tests were normal.

The diagnosis was respiratory failure related to car-
diac pulmonary edema and cladribine pulmonary tox-
icity. Skin and liver symptoms were related to cladribine 
and penicillin hypersensitivity. The BAL fluid exhib-
ited a high eosinophil count; however, it contained 
blood, and the peripheral blood eosinophil count was 
very high. Extensive investigations for viral and fungal 

Fig. 70.3 Bronchoalveolar lavage fluid containing a high cell count with a high percentage of eosinophils (�)
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infections were negative. She chiefly responded to 
diuretic therapy and cladribine withdrawal, without 
steroid therapy.

70.4  Discussion

In our patient, both infections and noninfectious con-
ditions were possible diagnoses. An original feature of 
this patient was that BAL and liver biopsy done to look 
for infections led to the diagnosis of two non-infec-
tious conditions. The high eosinophil count may have 
been be related to cladribine therapy.

Cladribine is associated with numerous adverse 
events, among which the most common are fever, skin 
rash, and infection [3–5]. An allergic reaction and 
eosinophilia are less common. Although a skin rash 
and eosinophilia have been reported in patients receiv-
ing cladribine for hairy cell leukemia, only one patient 
had these two manifestations at the same time [4]. In 
our patient, eosinophilia was seen during recovery 
from bone marrow suppression and was probably 
exacerbated by G-CSF treatment. The respiratory fail-
ure and hepatic lesions were related to heart failure 

with pulmonary edema. Echocardiography showed left 
ventricular dysfunction. The high eosinophil count in 
BAL fluid was due to the presence of blood in this 
patient with peripheral eosinophilia. The liver biopsy 
ruled out candidiasis of the liver. The patient recovered 
a few days later and experienced no relapses.

References

 1. Azoulay E, Schlemmer B (2007) Diagnostic strategy in can-
cer patients with respiratory failure. ICM 32:808–822

 2. Campèse C, Jaraud S, Che D (2007) Legionnaire’disease: 
surveillance in France in 2005. Med Mal Inf Nov: 
716–721

 3. Rutella S, Sica S, Rumi C, Martucci R, Etuk B, De Stefano 
V, Testa U, Leone G, Peschle C (1996) Hypereosinophilia 
during 2-chlorodeoxyadenosine treatment for hairy cell 
 leukemia. Br J Haematol 92:426–428

 4. Rossini M, De Sousa E, Cintra M, Pagnano K, Chiari A, 
Lorant-Metzet I (2004) Cutaneous adverse reaction to 
2-chlorodeoxyadenosine with histologic flame figures in 
patients with chronic lymphocytic leukaemia. JEDAV 
18:538–542

 5. Chubar Y, Bennett M (2003 Sept) Cutaneous reactions in 
hairy cell leukaemia treated with 2-chlorodeoxyadenosine 
and allopurinol. Br J Haematol 122(5):768–70



801É. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies,  
DOI: 10.1007/978-3-642-15742-4_71, © Springer-Verlag Berlin Heidelberg 2011

In immunocompromised patients, acute respiratory 
distress syndrome (ARDS) due to infectious causes 
remains associated with a high risk of death. Early 
diagnosis and adapted treatment may improve out-
comes [1]. Trichosporon spp., a fungus usually found 
in soil and fresh water, is known to cause invasive infec-
tions in immunocompromised patients. Six different 
species are considered responsible for human disease 
[2]: Trichosporon asahii, T. asteroides, T. cutaneum, 
T. inkin, T. mucoides, and T. ovoides. Trichosporonosis 
has been recognized increasingly over the past decade. 
Both the clinical and the histopathological findings 
may mimic disseminated candidiasis [3]. T. asahii is 
the main cause of disseminated trichosporonosis and 
usually fails to respond to antifungal treatment [4]. 
Here, we describe the first reported case of dissemi-
nated T. asahii infection in a neutropenic patient with 
septic shock and ARDS who was successfully treated 
with amphotericin B, voriconazole, and splenectomy.

71.1  Case Report

A 17-year-old woman was admitted to the intensive 
care unit (ICU) because of septic shock and ARDS 
with severe neutropenia. She had a history of acute 
myeloid leukemia and had received induction chemo-
therapy with daunorubicin and cytarabin 35 days ear-
lier. Ten days before ICU admission, she started having 
a fever, with no other abnormalities. Laboratory tests 
showed a total leukocyte count of 100/mm3, a hemo-
globin level of 7.2 g/dL, and a platelet count of 15,000/
mm3. She was given granulocyte colony-stimulating 
factor (400 mg/day), ceftazidime (4 g/day), nebcin 
(300 mg/day), and vancomycin (2 g/day). Persistence 
of the fever prompted the addition of amphotericin B 
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48 h later. At ICU admission, she had ARDS (Fig. 71.1) 
and septic shock. She was started on endotracheal 
mechanical ventilation. The administration of low-
dose norepinephrine increased her blood pressure to 
125/70 mmHg. On day 1 after ICU admission, five 
blood cultures, BAL cultures, and a sternal puncture 
culture yielded T. asahii. Intravenous amphotericin B 
(1 mg/kg/day) was continued, and flucytosine was 
added. The central venous catheter was removed and 
was also found positive for T. asahii. After 2 weeks of 
treatment, she still had a fever, septic shock, and 
ARDS. Microbiological study results showed the 
 following minimal inhibitory concentration values: 
 fluconazole, 16 mg/mL; itraconazole, 1 mg/mL; vori-
conazole, 0.25 mg/mL; caspofungin, 8 mg/mL; flucyto-
sine, 32 mg/mL; and amphotericin B, 1 mg/mL. 
Therefore, the flucytosine was replaced by intravenous 
voriconazole (600 mg on the first day then 400 mg/
day), and the amphotericin B was continued. During 
the next 2 weeks, the number of neutrophils increased, 
and the septic shock and ARDS improved, but the 
fever persisted. Pulmonary and abdominal computed 
tomography scans showed ARDS resolution and 
numerous splenic abscesses (Figs. 71.2 and 71.3). On 
day 31, splenectomy was performed. Defervescence 
was obtained within 10 days. Voriconazole was given 
per os (400 mg/day) after 1 month of intravenous 
administration for 6 months (the patient stopped the 
treatment of her own accord). She has had no further 
febrile episodes, and her leukemia is in complete 
remission.

71.2  Discussion

Neutropenic patients with ARDS are profoundly 
immunocompromised [5] and are more susceptible to 
severe fungal infections than non-neutropenic patients 
[6]. Trichosporon sepsis in neutropenic patients was 
first described by Rivera and Cangir in 1974 [7]. When 
disseminated, this rare infection is life threatening. 
The predisposing factors for Trichosporon infection 
are cancer, leukemia, and neutropenia [8]. The mortal-
ity rate is very high in immunocompromised patients 

Fig. 71.1 Computed tomography of the chest showing bilateral 
lesions of ARDS with dense opacities in dependent parts of the 
lungs and ground-glass opacification of the non-dependent lung 
with interstitial thickening

Fig. 71.2 Gomori methenamine silver stain ×40: numerous sep-
tate fungal hyphae and spores in an inflammatory splenic 
granuloma

Fig. 71.3 Contrast-enhanced computed tomography of the 
abdomen showing numerous low-attenuation splenic abscesses
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(80%) [4, 9], and Trichosporon infection may also be 
life threatening in non-neutropenic patients [10]. 
A previous review described two neutropenic patients 
with splenic abscesses [11] or documented pulmonary 
lesions [9]. To our knowledge, our case is the first 
report of disseminated T. asahii infection with septic 
shock, ARDS, and multiple splenic lesions, as well as 
a response to amphotericin B and voriconazole. Despite 
the increasing frequency and severity of trichosporono-
sis, data on the susceptibility of Trichosporon spp. to 
antifungal agents are limited, and no recommendations 
are available [11]. In vitro, Trichosporon spp. seems 
sensitive to fluconazole, itraconazole, amphotericin B, 
and flucytosine [11–13]. In vitro, voriconazole may be 
superior to amphotericin B [11]. To date, no studies 
have compared amphotericin B to azoles or combina-
tions of antifungal agents. In our patient, the course of 
septic shock and ARDS was clearly improved by com-
bining amphotericin B and voriconazole. However, 
despite the clinical improvements and total neutrophil 
recovery, the patient still exhibited a persistent fever 
related to splenic abscesses. Splenic abscess is an 
infrequent complication in immunocompromised 
patients and requires splenectomy when systemic anti-
fungal treatment alone fails [14].
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At first sight, a book dealing with pulmonary problems 
in patients with hematological malignancies would 
seem to be reserved to specialized teams working in 
specialized centers. Because this might reflect a mis-
conception of the delivery of modern medicine, I would 
like to argue against this idea. Because I am an inten-
sivist, I will mainly take the standpoint of the intensive 
care unit, but this concerns other disciplines.

There is little doubt that intensive care units admit-
ting patients with hematological disorders for impend-
ing respiratory failure in large university centers 
managing patients with complex and resistant forms of 
hematological malignancies and providing bone-mar-
row transplant are highly concerned by the topics dis-
cussed in this book. The different chapters superbly 
illustrate the complexity of respiratory problems pos-
sibly encountered in these patients and also the need 
for organizing modern intensive care medicine from 
a multidisciplinary standpoint. Patients’ respiratory 
problems must be approached from the respiratory 
angle, but also with knowledge of hematology, infec-
tious diseases, cardiology, nephrology, and pharmacol-
ogy, among other aspects of medicine. The fascinating 
complexity of situations described in this book implies 
that the intensivists managing these patients have 
potentially to deal with any one of these problems, and 
also that the ICU is probably the only place where all 
these problems can be observed.

Hematological malignancies are, however, both fre-
quent and frequently urgent to treat. Acute myeloid 
leukemia, whose incidence tends to increase with age, 
is rapidly fatal if left untreated. It must be considered a 
vital medical emergency requiring urgent medical 
management, and patients certainly cannot be put on a 
waiting list for admission to highly specialized cen-
ters. Also, the rising incidence of non-Hodgkin’s lym-
phoma, especially in elderly patients, and the fact that 
its clinical presentation varies tremendously some-
times mean that the diagnosis of this cancer has to be 
made in the ICU where the patient has been admitted 
for potentially lethal organ dysfunction. In addition, 
chemotherapy-induced neutropenia in the course of 
solid cancer therapy is nowadays considered a frequent 
event in modern therapy and does not even require 
hospitalization in itself. As a consequence, the appro-
priate management of a patient presenting with febrile 
neutropenia and respiratory distress must be known 
and mastered by physicians in every location where 
this situation can be encountered, especially in the 
ICU. Having to face this problem happens in far more 
places than just the highly specialized centers described 
above.

Modern epidemiological studies have often come to 
the conclusion that the volume of cases treated has an 
important influence on the outcome of patients for a 
given disease or for a given specific therapy. This 
seems to be true for different forms of cancer, for some 
complex surgical procedures, for transplantation, and 
even for some medical therapies delivered specifically 
in intensive care units. It is based on relatively straight-
forward grounds, especially for complex procedures 
where skills and experience likely matter. Though 
interesting and important, these large studies are, how-
ever, difficult to conduct and to interpret. Multiple sta-
tistical adjustments are needed, trying to control for 
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bias referral and preselection of patients, misclassifica-
tions, and confounders. Last, statistical correlations do 
not imply a unique cause–effect relationship and can 
be difficult to extrapolate to individual centers. More 
importantly, because the theory looks like it is just 
common sense, it could easily lead to erroneous and 
potentially dangerous conclusions. The first one is to 
conclude that bigger is always better. For this to be 
true, one needs at least to ensure that a continuously 
growing activity in a specific area is associated with a 
continuous and homogeneous spreading of the specific 
knowledge required for this activity among all the per-
sonnel and also that this is not obtained at the expense 
of a less efficient management of other still present 
patients. The second mistake would be to naively think 
that the only solution relies in grouping the patients in 

specialized centers and to forget that an important part 
of the response to these findings is education. 
Sometimes necessitating important changes in hospital 
structures, referring patients to specialized centers may 
be a solution for specific activities but cannot be a uni-
versal solution. Therefore, spreading adequate knowl-
edge into places where such difficult cases will be 
encountered and where a rapid and specific manage-
ment is needed must be a major goal for academic phy-
sicians, especially those working in these highly 
specialized places.

This why such a book is important and why it might 
not be reserved only to already highly trained teams. 
Congratulations to Elie Azoulay, who has been work-
ing in this area for many years, for making it possible 
with this book.
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Many of us remember the time when we had to warm 
up the blood gas analyzer, use polymyxin methylene 
sulfonic acid as the antibiotic of last resort, fear chicken 
pox like the plague, and wait for the autopsy results to 
diagnose most cases of cytomegalovirus or Aspergillus 
spp. pneumonia. We remember what it was like before 
computed tomography, magnetic resonance imaging, 
positron emission tomography, and molecular biology. 
Since then, 30 years have elapsed, although it feels 
more like a century. In those days, providing care to a 
hematology patient was not for the faint of heart. 
Failure enveloped us in a dreadful solitude that was 
bearable only because our occasional successes (com-
plete remissions with hope for a cure) brought a pro-
found sense of joy. We seem to recall feeling like the 
Lone Ranger, prepared to take on the enemy single-
handed. The solitude, or rather the self-imposed isola-
tion, was very real. We thought we were the only ones 
who “knew.” We worked closely with the pathologists, 
cytologists, and geneticists, but we categorized our 
other colleagues (pulmonologists, gastroenterologists, 
nephrologists, radiologists, microbiologists, etc.) as 
mere service providers. We suspected the infectious 
disease specialists of not understanding our patients or, 
even worse, of not being interested in them, and we 
called in the intensivists only when all else had failed.

Those days are over, which is fortunate for every-
one, primarily the patients. Lung involvement in patients 

with hematological malignancies is still a potentially 
serious event, but major strides have been made in the 
fields of pathophysiology, etiological diagnosis, and 
therapeutic management. Pulmonary aspergillosis is a 
good example, especially if we simplify things a bit. 
The diagnosis of pulmonary aspergillosis was made by 
autopsy (a frequently performed procedure at the time) 
or shortly before the patient died either from the 
Aspergillus infection or, more rarely, from the hemato-
logical malignancy after further chemotherapy courses 
were delayed or canceled. Now, recovery rates in 
patients with invasive aspergillosis range from 60% to 
more than 90% depending on the underlying disease, 
and a history of invasive aspergillosis is by no means a 
contraindication to hematopoietic stem cell transplanta-
tion. Has aspergillosis become a mere bump in the 
road? Almost. This achievement stemmed from 
improved knowledge of the clinical presentations and 
risk factors, the development of effective diagnostic 
tools, and the introduction of medications that were 
both potent and safe. In addition, aspergillosis prophy-
laxis is now fairly effective, and the incidence of the 
disease is on the decline. Nevertheless, much remains 
to be done, and emerging fungal and nonfungal infec-
tions are raising diagnostic and therapeutic challenges.

Although these beneficial changes can be ascribed 
in part to scientific advances achieved in the field of 
medicine, they are largely related to close cooperation 
among all those involved. This cooperation is wonder-
fully illustrated by this book, in which about 70 spe-
cialists working in a wide range of fields throughout 
the world dissect the currently available data on each 
of the many facets of lung disease in patients with 
hematological malignancies. The topic of this book is 
the hematology patient viewed holistically through the 
window provided by specific lung conditions. This 
commitment to meeting the full scope of patient needs 
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is also a form of progress. The book also offers a timely 
opportunity to think about a serene, evidence-based, 
rational, and multidisciplinary approach to the full 
range of debates surrounding the indications for life-
supporting treatments (and even more crucially for 
their withdrawal), comfort care, and end-of-life care.

Where do we want to go now and how can we get 
there? We can hope that, in the future, screening for 
genetic and environmental risks will be performed 
well before disease develops. Cancer, viewed globally, 
together with other diseases (e.g., cardiovascular and 
neurological diseases), will be effectively prevented 
for the most part. Cancer chemotherapy, with its train 

of side effects, will fall into disuse. Targeted treatments 
will be increasingly accurate, and the risks of infection 
and organ toxicities will exist only in our memories. 
Then – in the twenty-first century perhaps – a cancer 
diagnosis will be a minor event. Until then, basic sci-
entists must continue to move forward, and much more 
work will have to be done at the bedside and within 
collaborative clinician networks. This book, by bring-
ing together a vast amount of data and experience, is a 
unique opportunity to enrich ourselves and thereby to 
contribute to the dissemination of much needed knowl-
edge. We are grateful to Professor Élie Azoulay for 
this opportunity.
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Citrobacter freundii, 554
CLL. See Chronic lymphocytic leukemia (CLL)
Colistin nephrotoxicity, 560–561
Community respiratory viral agents

adenovirus infection, 29
HHV6, 29–30
Human metapneumovirus, 30
influenza infection, 29
lower respiratory tract infections, 27–28
mortality, 28
parainfluenza, 29
respiratory syncytial virus, 28
upper respiratory tract infections, 28

Constrictive bronchiolitis, 719
Cord blood transplants (CBTs), 725–726

infectious complications, 84
infusional toxicities, 83–84
preengraftment syndrome, 84
pulmonary immune reactions, 84

Core needle biopsy. See Percutaneous transthoracic  
needle biopsy

Coronavirus. See Human coronavirus
Coryne bacterium jeikeium, 554
C-reactive protein (CRP), 452
Criptogenic organizing pneumonia (COP), 731–732

Critical care physicians, 3–4
Critically ill cancer patients (CICPs), 637

acute respiratory failure, 666
allogeneic hematopoietic stem cell transplant, 667
cancer-specific model, 667
general tenet, 667
ICU

code status, 676, 677
exceptional ICU, 677
ICU refusal, 675–676
management, 665
trials, 667–668

incidence, 671–672
intensive chemotherapy regimen, 672
mortality rate, 672
multicenter study, 666
primary pulmonary malignancy, 667
prognosis

cancer chemotherapy, 675
classic predictors, 672
early admission, 675
hematologists and oncologists collobration, 675
high and unchanged mortality, 673–674
ICU management, 674–675
optimal therapy, 675
organ dysfunction, 673
short-term survival, 672
triage criteria, 674

prognostic indicators and hospital mortality, 665–666
research agenda, 678–679

CT-guided lung biopsy
allogeneic BMT

acute lymphoblastic leukemia, 157
lymphoma, 163

B-cell lymphoma, 169
chronic lymphocytic leukemia, 160, 168, 171
Hodgkin’s disease, 164
MALT lymphoma, 167
needle trajectory, 159
non-Hodgkin’s lymphoma, 170–171
organizing pneumonia, 165
percutaneous, 150–151
pericardial drainage, 162
simulation, 159
stem cell transplantation, acute leukemia, 166

Cyclophosphamide, 101
Cytarabine, 103
Cytarabine-induced pulmonary toxicity. See Leukemia
Cytomegalovirus (CMV) pneumonia, 25–27, 49

clinical presentation, 294
diagnosis

air-space opacity, 295
bilateral asymmetric ground-glass opacity, 295
centrilobular nodules, 295
chest x-ray, 294, 295
computerized tomography scan, 294, 295
hematologic malignancy, 294, 295
lung biopsy/cytology, 295–296
microbiology, 296

epidemiologic characteristics, 294
incidence, 297, 298



816 Index

mortality rates, 297, 298
prevention, 298
risk factors, 297, 298
treatment

prophylaxis doses, 296, 297
resistance mechanisms, 296, 297
side effects, 296, 297

D
D-dimer, 452
Delayed pulmonary toxicity syndrome (DPTS)

chemotherapeutic agents and radiation therapy, 72
clinical findings, 73
diagnostic evaluation, 73
pathogenesis, 72
prognosis, 73

Diethylstilbestrol (DES), 104
Diffuse alveolar hemorrhage (DAH)

acute respiratory failure, 127
autopsy, 438
BMT recipients

clinical findings and course, 441–442
cytokine release, 441
differential diagnosis, 443
incidence, 439
inflammatory, 441
laboratory and radiographic findings, 442–443
lung injury, 440–441
prognosis, 444
risk factors, 439–440
treatment, 443–444

clinical presentation and radiologic  
findings, 438

diagnostic criteria, 437–438
pathogenesis, 438

Diffuse large B-cell lymphoma
chest radiograph, 781
chronic lymphocytic leukemia, 784
clinical features, 782, 783
computed tomography, 782
granuloma formation, 784
hematological malignancy, 782
histology, 782
with PJP, 782
rituximab, 784

Diffuse large B-cell lymphoma (DLBCL), 451
Do-not-intubate (DNI) order, 631, 632
DPTS. See Delayed pulmonary toxicity syndrome
Drug-induced lung toxicity, 58–59
Drug induced respiratory disease

ARDS, 388
diagnosis, 388
diagnostic criteria

causes, 390
DILD test, 390
drug identification, 389
drug singularity, 389
pulmonary reaction, 389
recurrence, 390
remission, 390
signs and symptoms, 389

drugs and radiation, raection patterns
acute chest pain, 396
bronchospasm, 396–397
ILD, 390–391
late changes, 397
lymphoma, 397
pleural effusion, 397
pulmonary nodules, 396
second cancers, 397

HSCT, 387
ILD, 388
noninfectious pulmonary complications, 388
pleuropulmonary toxicity

amphotericin B, 398
anti-thymocyte globulin, 398
ATRA and arsenic trioxide, 398
azacytidine, 399
bis-chlororethyl nitrosourea carmustine, 399
bleomycin (see Bleomycin)
bortezomib, 403
busulfan (myleran), 403
chlorambucil, 403
colony-stimulating factors, 403–404
corticosteroids, 404
cyclophosphamide, 404
cytosine-arabinoside, 404–405
dasatinib, 405
deferoxamine, 405
etoposide, 405
fludarabine, 405–406
gemcitabine, 406
hydroxyurea, 406
imatinib, 407
interferon, 406–407
lenalidomide, 407
melphalan, 407–408
methotrexate, 408–409
procarbazine, 409
rituximab, 409
thalidomide, 410
transfusion-related acute lung injury, 401–403
vinca alkaloids, 410

radiation therapy
chronic complications, 410
patients fraction, 411
progressive changes, 410–411

TBI, 387
Dyspnea, 759

ARF incidence, 683
clinical assessment, 684
definition, 684
mechanism, 684
non-pharmacological interventions

breathing techniques, 688–689
psychosocial support, 688

oxygen therapy, 687–688
palliative care, 684
pharmacology

anxiolytics, 686
benzodiazepines, 686
Heliox28, 687
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inhaled frusemide, 686–687
oral and parenteral opioids, 685
psychotropic agent, 685–686
refractory dyspnea, 684–685
selective serotonin reuptake inhibitors, 686

physical mechanisms and parameter, 684
refractory dyspnea, 683

E
Echinocandins

anidulafungin, 582
caspofungin

clinical efficacy, 581
pharmacokinetics, 580
tolerability, 581

micafungin
clinical efficacy, 581
pharmacokinetics, 581
tolerability, 581

End-of-life decision
cancer vs. non-cancer patient, 697–698
conceptual framework, 694–695
death-certificate study

decision-making process, 695
ICD10 code, 696
life-shortening effect, 695–696

decision-making process, 693–694
epidemiology, 696–697
EURELD data, 694
medico-ethical decision-making, 699
palliative care, 693

Engraftment syndrome, 478
Eosinophilic pneumonia (EP), 391–392, 542
Escherichia coli, 554
European Conference on Infections in Leukemia  

(ECIL), 569
European study on end-of-life decisions (EURELD), 694
Extracellular-regulated kinase (ERK), 452

F
Fiberoptic bronchoscopy with bronchoalveolar  

(FO-BAL) lavage, 178, 179
Fibrosing alveolitis

de novo AML, 537
diagnosis, 538
histologic and clinical entities, 538
noninfectious etiologies

chemotherapy (see Chemotherapy)
chronic pulmonary dysfunction (see Chronic  

pulmonary dysfunction)
radiation therapy (see Radiation therapy)

pulmonary infections
clinical manifestations, 539–540
HCT timing infection, 538–539
hematologic malignancies, 538
ICU mortality, 538
influencing factors, 538
invasive aspergillosis, 539

pulmonary toxicity, 538
surveillance pulmonary function testing, 537
video-assisted thoracoscopic biopsy, 537–538

Fine-needle aspiration biopsy (FNAB),  
155–156

Fluconazole
clinical efficacy, 574–575
pharmacokinetics, 574
tolerability, 575

2-[F-18]-Fluoro-2-deoxy-d-glucose (FDG)-positron  
emission tomography (PET) imaging

drug-induced pneumonitis, 238–239
FDG, 235–236
immunocompromised state, 237–238
leukaemia, 237
malignant lymphoma

intravascular lymphoma, 237
MALT lymphomas, 236

mantle cell lymphoma, 239, 240
PET, 235
radiation pneumonitis, 239
sarcoidosis, 239
second malignancy, 239

5-Fluorouracil (5-FU), 101
Forced vital capacity (FVC), 726
Foscarnet, 592
Fungal infections

Candida infection, 24
cryptococcus infection, 24
hyaline hyphomycetes

fusarium, 23–24
scedosporium, 24

mycoses, 25
P. jiroveci pneumonia, 24–25
zygomycetes infections, 24

Fungal pneumonia, 126. See also Candida  
pneumonia

Fusariosis, 340
Fusarium, 339

G
Galactomannan antigen (GM)

BAL aspergillus, 331–332
false-positive detection, 331
patient outcome, 331
serum aspergillus, 331
in serum conditions, 331

Ganciclovir, 591–592
Gemcitabine, 103
Gene amplification, 305–306
Graft-versus-host disease (GVHD), 707

H
Hairy cell leukemia

chest X-ray, 798
cladribine, 800
computed tomography, 798
diagnosis, 799
infection, 798–799
infections and noninfectious conditions, 800
investigations, 799
noninfectious diseases, 799
patient history, 797
physical examination, 797
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Heart failure
acute

arrhythmias, 761–762
cardiogenic pulmonary edema, 760
coronary syndromes, 760–761
fluid overload, 762

chronic
amyloidosis, cardiac manifestations, 763–764
chemotherapy-related cardiotoxicity, 762–763
radiation, 763

Hematopoietic stem cell transplantation (HSCT), 9, 301
Hemophagocytic lymphohistiocytosis syndrome,  

788, 790
Hemorrhagic pulmonary infarctions, 515
Hepatic venoocclusive disease (HVOD), 494
Herpes simplex virus pneumonia

acyclovir prophylaxis, 301
clinical manifestations, 304–305
clinical presentation, 302, 303
diagnosis

gene amplification, 305–306
lung biopsy/cytology, 306
radiology, 306
virus isolation, 305

differential diagnosis, 305
HSCT, 301
incidence and transmission, 303
management

acyclovir, 306
antiviral drugs used, 306–308
prophylaxis, 306, 309
resistance to antivirals, 309
vaccine, 309

mortality in, 309
pathogenesis

animal models, 303–304
human, 303

prognosis, 309
risk factors, 304
ventilation, 309

Herpesvirus-8 (HHV8) infection, 194–195
High dependency unit (HDU), 624
High-resolution computed tomography (HRCT),  

512–514, 707–708
Histoplasmosis

acute respiratory failure, 735
airborne contamination, 736
amphotericin B and itraconazole, 738
antibiotic therapy, 736
chest X-ray, 736, 737
CT scan, 736
culturing, 737
EORTC/MSG criteria, 738
fever and arthritis, 735
Gomori-Grocott stain, 737
Histoplasma capsulatum, 736
maintenance therapy, 738
mucocutaneous lesions, 737
prophylaxis, 738
symptoms and transmission, 736
yeast form, 737

Hodgkin’s lymphoma, 60
bronchoalveolar lavage, 217
CT-guided lung biopsy, 164
interstitial-infiltrative lung diseases, 393
pleural effusions, 194
radiation lung toxicity, 60

Hormonal therapy, 104
Human bocavirus

clinical symptoms, 276
vs. genomic sequence, 276
ORFs, 277
parvoviridae family, 276
prevalence, 278
symptoms associated with, 277

Human coronavirus
antigenic cross-reactivity, 279
coronaviridae family, 278
HCoV-NL63, 279–280
NSPs, 279
ORF1ab, 279
rhesus monkey kidney cells (fRhk4), 278
SARS-CoV, 278
seroprevalence, 280

Human herpes virus (HHV-6), 50
Human influenza viruses, 258
Human metapneumovirus (hMPV), 261, 275–276
Hypersensitivity, 799
Hypoxemia, 316, 317

I
Idiopathic pneumonia syndrome (IPS)

clinical course, 72
clinical findings, 71
diagnostic evaluation, 71
epidemiology, 71
prognosis, 72
treatment, 71

IFD. See Invasive fungal disease
Imatinib therapy

BAL, 742
chest radiograph, 741, 742
clinical and radiological findings, 743
CML/GIST, 742
high-resolution computed tomography, 741, 742
histopathological findings, 743–744
hypertension, 741
lung manifestations, 743
noninvasive mechanical ventilation, 741, 742
pulmonary manifestations

interstitial lung diseases, 744–746
pleural effusions, 744, 747

respiratory manifestations, 744
Influenza virus, 282
Interferon-a, 105
Interleukin-2, 106
Interstitial-infiltrative lung diseases (ILD),  

390–391
cell lysis pneumopathy, 395
chemotherapy lung, diffuse alveolar damage

biopsy, 394
clinical imaging, 394



819Index

complications, 394–395
DAD, 393–394
hematologic malignancies treatment, 392–393
Hodgkin’s disease, 393
peumocystis jiroveci, 393

diffuse alveolar hemorrhage, 396
drug-induced pulmonary edema, 395–396
eosinophilic pneumonia, 391–392
interstitial lung disease, 392
latrogenic pulmonary fibrosis, 395
nonspecific interstitial pneumonia, 391
organizing pneumonia, 392

Intravascular large B-cell lymphoma (IVLBCL), 247
Invasive fungal disease (IFD)

aspergillus fumigatus, 339
aspergillus terreus, 339
clinical manifestation

diagnostic characteristics, 339, 340
fusariosis, 340–341
HCT recipients, 340
host immune status, 340
in neutropenic patient, 340
zygomycosis, 341

definition of, 337, 338
diagnostic tools, 343–344
Fusarium, 339
host factors, 338
radiology, 341–343
treatment of, 344–345
zygomycetes, 339

Invasive positive-pressure ventilation (IPPV), 601
Invasive pulmonary aspergillosis (IPA), 18, 49, 704

autologous and allogeneic HSCT, 18
BAL fluid, bronchoscopy, 20
chest computed tomography scan, 328, 329
chest radiograph, CT scan, 19–20
circulating surrogate markers detection

beta-1-3-D-glucan antigen, 332
DNA detection, 332–333
galactomannan antigen, 331–332

clinical features, 328
CMV disease, 18
diagnostic criteria, 21
EORTC/MSG criteria, 21–22
galactomannan assay, 20–21
GVHD, 18
histopathology, 330
immunomodulatory therapy, 23
mycological microscopy and culture

antifungal susceptibility testing, 330
direct microscopic examination, 329
identification, 330

polymerase chain reaction, 21
prophylaxis, 23
risk factors, 327–328
salvage therapy, 22
signs and symptoms, 18
sputum samples, 20
surgical resection, 22–23

Irinotecan, 103
Isavuconazole, 580

Itraconazole
clinical efficacy, 575–576
pharmacokinetics, 575
tolerability, 576

K
Kaposi sarcoma herpesvirus (KSHV), 194–195
Klebsiella pneumoniae, 554

L
Laboratory tests

bacterial infections
Chlamydia pneumoniae, 182
Legionella pneumophila, 181
Mycoplasma pneumoniae, 182
Streptococcus pneumoniae, 181

biomarkers, 184–185
fungal infection, 183–184
microbial DNA identification, blood PCR, 184
PCP, 183
viral respiratory infections, 182–183

Lactobacillus species, 554
Latent tuberculosis

chemoprophylaxis, 376–377
diagnosis, 376

Legionella pneumonia, 15
Leukemia, 9

acute myeloid leukemia, 247, 537, 729, 807
clinical evaluation, lung infiltrates, 730, 731
CLL (see Chronic lymphocytic leukemia)
COP, 731–732
cytarabine, 731
cytarabine-induced pulmonary toxicity,  

732–733
fever chart, 729, 730
hairy cell leukemia

chest X-ray, 798
cladribine, 800
computed tomography, 798
diagnosis, 799
infection, 798–799
investigations, 799
noninfectious diseases, 799
patient history, 797
physical examination, 797

NCPE, 731–732
Pneumocystis jiroveci, 730
radiological examinations in, 729, 730
respiratory symptoms, 730
SCME, 730, 731
therapeutic drugs, 731

Leukemic infiltrates, 719
Leukemic pulmonary infiltration

acute lysis pneumopathy, 514
clinical or radiological signs, 515
hemorrhagic pulmonary infarctions, 515
infections, 514
lysis pneumopathy, 514

adults and childrens, 510
AML type 1, 511, 513
blood gas analysis, 511
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causes, 509
clinical management

adult and pediatric patients, 516
chemotherapy interruption, 517
cytoreduction, 515–516
hemodilution and rasburicase, 515
hyperleukocytic leukemia, 515–516
ICU admission, 515
invasive/noninvasive mechanical ventilation, 515
leukapheresis vs. hydroxyurea, 516–517
patient possible interventions, 516
patients, disease-free survival time, 515
thrombocytopenia and coagulopathy, 515 

clinical manifestations, 509–510
clinical significant, 509
HRCT presentation, 512–514
hyperleukocytic AML type 3, 510–511
leukostasis

clinical scores, 510, 512
symptoms, 510

lung biopsy/bronchoalveolar lavage, 512
lungs infiltration, 511–512
radiological presentation, 511

Liposomal amphotericin B
clinical efficacy, 573
pharmacokinetics, 573
tolerability, 573

Logistic organ dysfunction (LOD), 655
Lower respiratory tract infection (LRTI), 260
Lung biopsy/cytology, 295–296, 306
Lung cancer, 720–721
Lung infection, 704
Lymphocytopenia, 261–262
Lymphoma, 9
Lysis pneumopathy, 514

M
MALT lymphoma. See Mucosa-associated lymphoid  

tissue (MALT) lymphoma
Mantle cell lymphoma, 239, 240
Maribavir, 593
Mass spectrometry, 265
MDS. See Myelodysplastic syndromes
Mechanical ventilation. See also Noninvasive  

ventilation (NIV)
acute respiratory failure, 597
epidemiology, 598
evaluation and prognostic factors

bone marrow transplant, 601, 602
hematological malignancy, 598–600
short-term mortality, 601

IPPV, 601
NIPPV (see Non-invasive positive-pressure ventilation)

Medical decision-making, 4
Medical Patients (MEDENOX), 453
Methotrexate

intoxication
prevention measures, 644
toxicity, 644
treatment, 644

pleuropulmonary toxicity, 408–409

Micafungin
clinical efficacy, 581
pharmacokinetics, 581
tolerability, 581

Microbiology, 296
Microtubule-altering therapy

taxanes, 104
vinca alkaloids, 103

Mitoxantrone
cardioprotective mechanisms, 95–96
vs. doxorubicin, 95
phase I and II trials, 95

Monoclonal antibody therapy
alemtuzumab, 100
cetuximab, 101
rituximab, 100–101

Mortality probability model II (MPMII), 667
Mucosa-associated lymphoid tissue (MALT) lymphoma

clinical and radiological signs, 523–524
diagnostic approach

bronchoscopy, 525
classification, 524
conventional histology analysis, 525
CT-guided aspiration and biopsy, 525
immunohistochemistry, 525–526
molecular biology, 526

differential diagnosis, 426–427
epidemiology, 523
histological subtypes, 521
marginal zone, 522–523
molecular basis, 523
PPL definition, 521
pretreatment staging, 427–428
progression and prognostic factors, 428
terminology, 521–522
treatment, 428–429

Multidrug resistant tuberculosis (MDR-TB), 376
Multinational Association for Supportive Care in Cancer 

(MASCC) predictive score, 557, 558
Multiple myeloma (MM)

noninfectious lung involvement, 64
pleural effusions, 196–197
venous thromboembolism, 58

Multiplex ligation-dependent probe amplification  
(MLPA), 264

Mycobacterium tuberculosis
clinical manifestations

axial mediastinoscopy, 373
CT scans, 371–372
first-line investigations, 371
nucleic acid amplification, 373
PET, 372
serological (antibody-mediated) tests, 374
sputum culture, 372, 373
therapeutic trial, 374

clinical presentations, 370–371
incidence and risk factors, 369–370
latent tuberculosis

chemoprophylaxis, 376–377
diagnosis, 376

multidrug resistant, 376
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treatment and outcomes
antituberculous drug therapy, 374–375
compliance and tolerance, 375
corticosteroid therapy, 375
side effects, 375
surgery, 376

Myelodysplastic syndromes (MDS)
candidiasis, 24
IPA, 328
mycobacterial infections, 378
PAP, 249, 778
P. jiroveci infection, 126
pleural effusions, 198–199

Myelofibrosis, 61
Myeloma, AKI

epidemiology, 642–643
prevention and treatment, 643

N
National Comprehensive Cancer Network (NCCN), 454
Necrotizing cellulitis, 561
Neutropenia

acute respiratory distress syndrome
alveolar macrophages, 482
BALF, 480
characterization, 479–480
circulating monocytes, 482
circulating neutrophil, 477
clinical implications, 483–484
clinical presentation and risk factors, 533–534
directed antimicrobial therapy, 486
empirical antimicrobial therapy, 484–486
endothelial-cell injury, 483
engraftment syndrome, 478
epidemiology, 478–479
exudative phase, 478
fibrotic phase, 478
histological features, 480
invasive strategy, 484
morbidity, 533
NIV, 484
pathophysiogical mechanisms, 478
pathophysiology, 535
platelets role, 482–483
prognostic factors, 486
proliferative phase, 478
respiratory failure risk, 534–535
sequestered neutrophils, 481–482
treatment, 484

antibiotic stewardship program, 563–564
antibiotic therapy

colistin nephrotoxicity, 560–561
first-line antibiotic therapy, 554–560
in-hospital intravenous therapy, 557
international guidelines, 562
MASCC risk prediction model score, 557, 558
oral antibiotic administration, 557
randomized controlled study, 559–560

bacterial epidemiology
bloodstream bacterial isolates, 554, 555
Escherichia coli proportion, 554, 557

multidrug resistance, 554
non-exhaustive bacteria, 554, 556

fever, 553
immunosuppression, 10, 12
pharmacodynamics and pharmacokinetics, 563
prophylactic antibiotics, 563

NIV. See Noninvasive ventilation
Non antibody TRALI

antibody-antigen incompatibility, 470
lipid accumulation, 470
neutropenic patients, 470–471
neutrophil sequestration, 470

Noncardiogenic pulmonary edema (NCPE), 731–732
Non-Hodgkin’s lymphoma

CT-guided lung biopsy, 170–171
lethal organ dysfunction, 807
pleural effusions, 192–194

Noninfectious lung involvement. See also Drug induced 
 respiratory disease

alveolar proteinosis, 61
blood and marrow transplant recipients

acute pulmonary edema, 64
asthma, 66
bronchiolitis obliterans, 66–69
bronchiolitis obliterans organizing pneumonia, 69–71
chronic eosinophilic pneumonia, 76
conditioning regimen, 63
delayed pulmonary toxicity syndrome, 72–73
idiopathic pneumonia syndrome, 71–72
multiple myeloma, 64
periengraftment respiratory distress syndrome, 72
peripheral blood and umbilical blood grafts, 63–64
post-transplant period, 64
pulmonary alveolar proteinosis, 75
pulmonary arterial hypertension, 75
pulmonary cytolytic thrombi, 73
pulmonary function test, 64–66
pulmonary veno-occlusive disease, 74–75

drug-induced lung toxicity, 58–59
epidemiology, 57
pulmonary extramedullary hematopoiesis, 61
pulmonary hypertension, 61
radiation lung toxicity

Hodgkin’s lymphoma, 60
myelofibrosis, 61
pneumonitis, 59
total body irradiation, 59–60

secondary lung cancers, 60–61
venous thromboembolism

acute leukemia, 58
incidence, 57
lymphoma, 58
multiple myeloma, 58

Non-invasive positive-pressure ventilation (IPPV)
airway incubation, 601, 603
baseline determinants knowledge, 603–604
contraindications, 603
failure predictors, 604

Noninvasive ventilation (NIV), 52
algorithm, 633–634
clinical assessment, 631–632
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clinical efficacy, 608–609
continuous/discontinuous approach, 613–614
contraindications, 610
CPAP, 608

advantages, 612
NIV comparison, 609–610
PS + PEEP, 612–613

DNI order, 631, 632
equipment and technique optimization

helmet, 611–612
mask intolerance, 611
tight-fitting facemask, 610–611

fiberoptic bronchoscopy
advantages, 617
cardiorespiratory monitoring, 621
contraindications, 619
facemask NPPV, 619
feasibility, NIV type, 621
fiberoptic bronchoscopy, helmet, 620
fiberoptic bronchoscopy, oronasal mask, 619–620
randomized doubleblind study, 619
rationale, 618
safety aspects, 617–618
topical anesthesia, 621
ventilatory assistance, 617

flow triggering, 613
hypoxemic ARF, 609
ICU

mortality, 607–608
ventilators, 612

immunosuppression, 607
intubation-related complication, 610
management strategy, 607
nosocomial infection, 614–615
outside the ICU, ARF

endotracheal intubation, 626
vs. endotracheal intubation, 626
Hilbert’s study, 627
implemantation, 626
mortality, 626
oximetry, 624
PaO

2
FiO

2
 ratio, 624

patient-centered management, 623
patient-to-nurse ratio, 624–625
Principi’s ST-07 study, 627–628
scientific dignity, 626–627
service flow chart, 625

PEEP beneficial effects, 609
pharmacological treatment, 634
predictive factors, 614
PS and PEEP, 608
PS ventilation, 612
treatment-limitation decision, 632–633
ventilator insufflation time, 613

Nontuberculous mycobacteria (NTM)
diagnosis

colonization, 377
MAC, 377
M. kansasii, 377
treatment, 377–378

infections, 17

Nucleic acid amplification (NAA), 373
Numerical rating scale (NRS), 684

O
Open lung biopsy, 150
Open reading frames (ORFs), 277
Oseltamivir, 593–594

P
Palivizumab, 595
PAP. See Pulmonary alveolar proteinosis
Parainfluenza virus (PIV), 261, 282
Parasitic lung infections

strongyloidiasis (see Strongyloidiasis)
toxoplasmosis (see Toxoplasmosis)

PCP. See Pneumocystis pneumonia
PCR. See Polymerase chain reaction
Percutaneous transthoracic needle biopsy

CT-guided lung biopsy (see CT-guided lung biopsy)
efficiency

bacterial infections, 168
fungal infections, 168–169
non-infectious conditions, 170–171
pulmonary nocardiosis, 171
sensitivity and adequacy, 165–168

minor complications, 163–164
preoperative investigations

coagulation indices, 156, 157
computed tomography, 157
pulmonary function, 156

sample conditioning, 160–161
serious complications

bleeding, 161, 164
pain, 163, 165
pneumothorax, 161, 163

ultrasound guidance, 157–158
Pericardiocentesis, 428–429
Periengraftment respiratory distress syndrome (PERDS), 72
PFT. See Pulmonary function test
Picornavirus, 281
Pleural effusion, 191, 718

acute leukemia, 197
BMT recipients, 199
Castleman’s disease, 195
chronic lymphocytic leukemia, 197–198
chronic myelogenous leukemia, 198
Hodgkin’s lymphoma, 194
malignancies associated, 192
mechanisms, 192
multiple myeloma, 196–197
myelodysplastic syndromes, 198–199
non-Hodgkin’s lymphoma, 192–194
pleural fluid, 191, 192
primary effusion lymphoma, 194–195
pyothorax-associated lymphoma, 195–196
radiation therapy, 200
recurrent resistant effusions, 192
tyrosine kinase inhibitors, 200

Pleuropulmonary toxicity
amphotericin B, 398
anti-thymocyte globulin, 398
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ATRA and arsenic trioxide, 398
azacytidine, 399
bis-chlororethyl nitrosourea carmustine, 399
bleomycin (see Bleomycin)
bortezomib, 403
busulfan (myleran), 403
chlorambucil, 403
colony-stimulating factors, 403–404
corticosteroids, 404
cyclophosphamide, 404
cytosine-arabinoside, 404–405
dasatinib, 405
deferoxamine, 405
etoposide, 405
fludarabine, 405–406
gemcitabine, 406
hydroxyurea, 406
imatinib, 407
interferon, 406–407
lenalidomide, 407
melphalan, 407–408
methotrexate, 408–409
procarbazine, 409
rituximab, 409
thalidomide, 410
transfusion-related acute lung injury, 401–403
vinca alkaloids, 410

Pneumocystis jiroveci pneumonia (PJP), 313, 609, 704.  
See also Diffuse large B-cell lymphoma

Pneumocystis pneumonia (PCP)
causes, 313
CD4+ lymphocyte counts, 315–316
clinical and radiological presentation

acute respiratory failure, 316–318
HIV-negative patients, 316
hypoxemia, 316, 317
radiographic features, 316
refractory T lymphoma, 316, 318

curative treatment
adjuvant steroids, 322
antimicrobial therapy, 322

immunosuppressive drugs, 315
laboratory diagnosis

(1-3)-b-D-glucan, 321
direct examination, 319, 320
polymerase chain reaction (see Polymerase  

chain reaction)
S-adenosylmethionine plasmatic concentration, 321

physiopathology, 316
prognosis

factors associated with, 322
mortality, 321

prophylaxis
antimicrobial drugs, 323
indications, 323

respiratory samples collecting techniques
antibiotic administration, 317
mechanical ventilation, 318
sputum collection, 317

risk factors
hematological malignancies, 314–315

malignancy types, 315
non-AIDS patients, 314

transmission, 314
Pneumonia

bacterial pneumonia (see Bacterial pneumonia)
fungal pneumonia (see Candida pneumonia)
viral pneumonia (see Viral pneumonia)

Pneumovirus, 258
Polyenes
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