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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.






Foreword |

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,
Elie 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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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. Elie 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

E. Azoulay (ed.), Pulmonary Involvement in Patients with Hematological Malignancies, 3
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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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Pulmonary Involvement in Patients
with Hematological Malignancies

Elie Azoulay

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

E. Azoulay

Service de Réanimation Médicale, Hopital Saint-Louis,
1 avenue Claude Vellefaux, 75010, Paris, France and
Medical Intensive Care Units, Saint-Louis Hospital,
Paris 7 University, Paris, France

e-mail: elie.azoulay @sls.aphp.fr

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, Prneumocystis 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.

Elie Azoulay
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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

Table 3.1 Spectrum of respiratory infectious and noninfectious
complications in patients with hematological malignancies

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

(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
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Table 3.2 Spectrum of immunosuppression in patients with hematological malignancies

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 A )

Multiple myeloma
Splenectomy

Monoclonal antibodies

Anatomic Tumor obstruction Gram-positive cocci
Mucositis Gram-negative bacilli
Indwelling catheters Anaerobic bacteria

Candida
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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/mm?. The risk of
infection is greatest with neutrophil counts less than
100 cells mm?. 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
mm? 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 [gM 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 including 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
gastrointestinal 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 mucocutaneous barriers and indwelling intra-
venous catheters. The organisms that commonly cause
infection during this period include gram-negative
bacilli (e.g., Klebsiella, Escherichia and Pseudomonas),
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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Table 3.3 Factors that increase the risk of respiratory infections
following HSCT

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)

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/mm? 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]. Ba