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Preface

THE AMERICAN CANCER SOCIETY estimated that more

than 30,000 new cases of metastatic carcinoma of

unknown origin (MCUO; also known as “carcinoma of

unknown primary” [CUP]) would be identified in the

United States in 2007. That figure corresponds to approx-

imately 2% of all new cancers seen yearly in this country.

One may surmise that the relatively low incidence of

MCUO relegates it to only peripheral clinical interest.

However, viewed in another manner, the total of new

cancer cases—of all types—that are seen each year in at

least 25 of the U.S. states is less than 30,000. Moreover,

epithelialmalignancies of the thyroid, ovary, endometrium,

pancreas, stomach, esophagus, and larynx are individually

less common yearly than MCUO, as are new cases of acute

leukemia or glioma. Thus, carcinoma of uknown origin

poses a larger problem for American—and international—

physicians than one might think at first glance.

Because treatment plans for carcinomas are typically

predicated largely on the primary sites of those tumors,

uncertainty regarding their anatomic derivations is anxiety

provoking. Neither the patient nor the physician usually

feels empowered or confident after a diagnosis of MCUO

has beenmade. Common questions in that scenario include:

“Is the diagnosis correct?”; “Has the clinical or pathologic

evaluation been inadequate?”; “What is the optimal treat-

ment approach?”; and “What is the prognosis?”

This monograph was conceived as a framework for

approaching these issues, with input from physicians in six

countries who have a special interest in, and substantial

experiencewith,MCUOs.The book is divided into five topic

areas, covering clinical presentations, methods of pathologic

evaluation, techniques for topographic localization, treat-

ment and prognosis of MCUO, and postmortem validation

studies pertaining to those subjects. Although our knowl-

edge of this difficult area of oncology (and pathology?) will

undoubtedly continue to evolve, the contents of this text are

felt to be completely current as of this writing.

I have edited all of the chapter manuscripts person-

ally, and if any mistakes or misstatements are present in

them I take the responsibility. The individual authors have

been given license to present their topics as they saw fit; as

a result, inevitable redundancy of some topic coverage will

be seen by the careful reader. I believe this is a positive

feature of the book, because it serves to emphasize points

that several different contributors—despite different ex-

periences—feel are important.

Finally, because virtually all physicians are expected

to educate their peers, associates, and trainees in this day

and age, an effort has been made to illustrate the book as

thoroughly as possible. A companion CD-ROM contains

all of the color versions of the images found in the text.

That disk is intended for use in hospital teaching confer-

ences and other medical education activities.

I am indebted to Mr. Joseph Hanson and Mr. Craig

Percy of Demos Publishing, who respectively solicited and

coordinated this book project. I sincerely hope that read-

ers will find it to be useful in their clinical practices.

Mark R. Wick, MD
Department of Pathology

Division of Surgical Pathology and Cytopathology

University of Virginia Health System

Charlottesville, Virginia
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n INTRODUCTION

In a general medical oncology service, metastatic carcino-
mas from an unknown primary site (CUPs) constitute as
many as 3% to 5% of referred patients with solid tumors.
However, this incidence varies depending on the definition
of CUP, the extent of the investigations that are performed,
and the details of the patient population (1, 2). Several
terms have been used for CUP, such as “unknown or occult
primary tumor,” “carcinoma or adenocarcinoma of
unknown primary site,” “metastases of unknown origin,”
“metastases from unknown primary tumors,” and “tu-
mors of unknown or unidentified origin.” CUPs represent
clinical problems that necessitate significant interactions
between pathologists, oncologists, and primary physicians.
Despite recent advances in molecular diagnostics, immu-
nohistochemistry, gene expression profiling, and imaging
technology, the diagnosis of patients with CUPs continues
to be a real dilemma for practicing oncologists. The goal of
this review is to recount the clinical presentations of these
enigmatic tumors.

n DEFINITION

CUPs represent a heterogeneous group of metastatic
carcinomas for which no primary site can be detected
even after a thorough medical evaluation. The primary
lesion, which has escaped detection by radiographic and
endoscopic studies, is rarely identified during the subse-
quent lifetime of the patient. In historical studies, only
15% of CUPs were associated with a definite primary
neoplasm (3). A thorough evaluation at autopsy improves
these figures somewhat; in 51% to 85% of cases primary
lesions are found postmortem in CUP patients. They are
usually small tumors that caused no symptoms or signs
during life (3–10). The “parent” neoplasm is most often
present in the lung (17–23%) or the pancreas (20–37%).
The second tier of frequency regarding the primary site
concerns lesions of the large bowel (4–10%), the liver
(3–11%), the stomach (3–8%), and the kidney (4–6%).
The least common locations for the parent neoplasm are
the breasts (2%), ovaries (3–4%), and prostate (3–4%).
New and sophisticated imaging techniques, such as
positron emission tomography (PET) scanning, and
improvement of surgical pathological evaluations will
likely increase the number of cases in which a primary
tumor can be localized during life.

The difficulty in detecting a “parent” tumor for CUP
has two possible explanations. One is that the primary
tumor has involuted and is not detectable when metastasis
becomes evident. Although it is not a common phenom-
enon, spontaneous tumor regression has been well
described in reference to several neoplasms. The second
explanation is that the phenotype and genotype of the
primary tumor favor metastasis over local growth (11). In
that scenario, a small primary tumor might rapidly yield
metastatic lesions, the growth of which greatly outstrips
that of the parent lesion.

The definition of CUP has varied over time according
to the inclusion criteria that were used and the evolution
of diagnostic tools. In the early 1970s, some researchers
argued that the diagnosis of CUP could be made only if the



primary tumor was not found at autopsy (12). In other
studies, all patients presenting with metastases whose
primary tumors were not found after an initial clinical
examination were labeled as having CUP (13, 14). Other
authors placed cases in this category at the time the initial
diagnosis was made (15) and limited inclusion to
particular histological types (10, 15). Today, the diagnosis
of CUP requires several elements:

1. Histologically confirmed metastatic carcinoma
2. Negative results of a detailed historical and physical

assessment, including pelvic and rectal examination,
with regard to finding a likely primary tumor site

3. Negative results of chest radiography, ultrasonogra-
phy, or computed tomography (CT) of the abdomen
and pelvis, vis-à-vis localization of a primary neoplasm

4. Determination of serum prostate-specific antigen
(PSA) levels in men and mammography in women
that fail to demonstrate an origin of the tumor

5. In certain cases, CT of the thorax and endoscopic
evaluations that are negative (Table 1) (16, 17)

In most studies of CUP, cases of lymphoma, meta-
static melanoma, and sarcoma have been rightly excluded.
Initial light microscopic diagnosis of the biopsy specimen
usually identifies one of four main histological types, and
cases should be categorized accordingly (18): (i) well or
moderately differentiated adenocarcinoma; (ii) poorly
differentiated carcinoma (PDC) or poorly differentiated
adenocarcinoma (PDA); (iii) squamous cell carcinoma
(SCC); and (iv) “undifferentiated” carcinoma of small cell,
large cell, or spindle cell and pleomorphic types.
Approximately 50% of patients with CUP have category
1 tumors, 30% have undifferentiated carcinomas or
PDCs, 15% have SCCs, and 5% have undifferentiated
neoplasms. With modern pathological characterization,
most tumors in the last of these groups can be better
defined; they include PDC, neuroendocrine carcinomas,
lymphomas, germ cell tumors, melanomas, sarcomas, and
embryonal malignancies (“blastomas”) (Table 2) (19).
Only carcinomas should be included in the CUP category.

One goal of the diagnostic evaluation is to identify
CUPs that are in treatable subsets. These include tumors
with neuroendocrine features, SCC involving cervical
lymph nodes, adenocarcinomas in women that present
with metastasis to axillary lymph nodes, peritoneal
carcinomatosis in women, blastic bone metastases in
men, and midline malignancies, usually in young men,
that are probably extragonadal germ cell tumors (18, 19).
These patients represent only 15% of individuals with
CUP, but their identification is crucial to optimal treat-
ment and outcome.

n Table 1 Clinical and laboratory data required to define
a patient as having a carcinoma of unknown primary origin

Histologically confirmed metastatic cancer

Detailed medical history

Complete physical examination (including, skin, thyroid, breast,

pelvic, and rectal exams)

Full blood count

Biochemistry

Histopathologic review and use of immunohistochemistry

CT of the abdomen and pelvis

Mammography (in certain cases)

CT of the thorax (in certain cases)

Prostate-specific antigen evaluation (in certain cases)

Endoscopic procedures (in certain cases)

Alpha-fetoprotein and gonadotrope chorionic hormone evaluation

(in certain cases)

Source: From Refs. 16, 17.

n Table 2 Histological classification

Histology Incidence (%)

Well or moderately differentiated

adenocarcinoma

50

Poorly differentiated adenocarcinoma/

carcinoma

30

Squamous cell carcinoma 15

Undifferentiated neoplasms

Unspecified carcinoma

Neuroendocrine tumors

Lymphomas

Germ cell tumors

Melanomas

Sarcomas

Embryonal malignancies

5

Source: From Ref. 19.
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The scenario of an unknown primary can be very
unsettling to both the patient and the treating physician.
The anxiety provoked by this clinical scenario may be
caused by the uncertainty over treatment and an
assumption of a grim prognosis, but this disease entity
actually represents a group of diseases with potentially
widely divergent outcomes. When grouped together,
patients with metastases from an unknown primary site
reported by registries, have a median survival of three
months (2, 20), but it is important to recognize that there
are certain patient subgroups that have more responsive
tumors and better prognoses. It is essential to conduct a
consistent and thorough diagnostic evaluation to deter-
mine if a patient falls into one of these favorable
subgroups, although one should avoid the use of needless,
invasive tests. This approach enables the physician to
optimize the treatment regimen for each patient.

n EPIDEMIOLOGY

Data from epidemiology surveys and large registries
indicate that CUPs constitute between 2.3% and 4.2%
of all human cancers (Table 3) (1, 21–28). Among overall
solid-tumor incidence in the United States, CUPs repre-
sented approximately 40,000 of the 950,000 new cases
per year (29). The annual age-adjusted incidence is 7 to 12
cases per 100,000 population per year in the United States

(24) and 18 to 19 cases per 100,000 population per year in
Australia (21). In the Netherlands, almost 2500 new
patients are diagnosed annually, giving an age-stand-
ardized incidence rate of 6.7 per 100,000 for male and 5.3
per 100,000 for females (30). CUPs therefore were
considered as the seventh to eighth most frequent type
of cancer and the fourth most common cause of cancer
death in both males and females. However, more recent
studies showed a lesser incidence of CUPs (24). For
example, according to the National Cancer Institute’s
2003 Surveillance, Epidemiology and End Results data,
30,000 (2%) new cases of cancers of “other and
unspecified primary sites” were diagnosed in the United
States. The estimated incidence continues to decrease each
year (25). In 2006, the American Cancer Society estimated
that CUPs would represent 27,680 of the 1,399,790
(1.98%) new cancer cases and 45,260 of the 564,830
deaths expected to occur in the United States (31). CUPs
are more frequent than esophageal, gastric, and ovarian
cancers. According to this estimation, CUPs are the 12
most frequent types of cancer and the fourth most
common cause of cancer death in both males and females.
In referral centers, the median age at presentation is
approximately 60 years, with a marginally higher fre-
quency in males. However, in populations described by
registries, patients are 10 years older, and the American
Cancer Society estimates a higher frequency in females
(14,360 vs. 13,320). In children, CUPs represent less than
1% of diagnosed solid tumors.

n Table 3 Epidemiology of carcinoma of unknown primary origin

Geographical Areas (Ref.) Source Frequency (%) Period

USA (24) SEER 2.3 1973–1987

USA (25) SEER 2 2003

Australia (21) New South Wales Registry 4.2 1970–1990

Netherlands (Southeast) (28) Eindhoven Cancer Registry 4 1984–1992

Finland (26) IARC 2.5 —

Germany (23) — 7.8 1968–1984

Russia (Dniepropetrovsk region) (22) — 3.6 —

Switzerland (Vaud and Neuchatel Canton) (1) Local Registries 2.3 1984–1993

Japan (27) IARC 3 —

Abbreviations: SEER, Surveillance Epidemiology and End Results survey; IARC, International Agency for Research on Cancer.
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n CLINICAL PRESENTATIONS

Natural History of CUPs

CUPs represent a unique phenomenon in which a
primary tumor is able to metastasize before its site of
origin is large enough to be identified. The natural
history of patients with CUP differs considerably from
that of patients with known primary neoplasms. Early
dissemination, unpredictability of metastatic patterns,
and overall aggressiveness typify the fundamental char-
acteristics of these tumors. Rapid distant spread is
reflected by the clinical absence of symptoms related to
a primary tumor.

“Unpredictability of metastatic pattern” in CUP cases
refers to differences in the incidence of metastatic sites that
they involve, as compared with those of known primary
carcinomas (5). For example, ovarian carcinoma present-
ing as a CUP involves the bones in 30% of cases, whereas
if it is a known primary lesion, osseous metastases are seen
in only 1% to 10%. Similarly, pancreatic carcinoma
presenting as a CUP has a fourfold higher incidence of
osseous involvement, whereas prostatic CUP has seven
times more hepatic metastasis compared with a known
primary neoplasm. Pancreatic CUP metastasizes to the
lungs in 78% versus 40% for known pancreatic tumors.
The incidence of brain metastasis in gastrointestinal (GI)
CUPs is 16% to 19%, but involvement of the central
nervous system (CNS) is uncommon in the usual clinical
course of known GI cancers.

It seems that CUPs do not undergo “type 1”
progression (from a premalignant lesion to a malignant
one) but are instead fully malignant from the outset
(“type 2” progression). The main difference, however,
between CUPs and other type 2 malignancies is that the
former lesions do not form a clinically apparent primary
mass and commonly do not pursue a predictable pattern
of metastasis.

General Statements

The diagnosis of CUP is usually suspected after obtaining
the case history and performing a physical examination.
Common sites of involvement at presentation are the liver,
lungs, bones, and lymph nodes, but other locations
certainly may also be affected. Table 4 considers the
frequency with which certain anatomic sites are involved.
There is considerable variation in tumor distribution,
depending on the histological tumor types. More than
50% of CUP patients present with multiple metastasis
sites, and approximately 30% of them have involvement
of three or more organs (2, 9, 16, 32, 33). Those data
differ considerably from findings in patients with known
primary tumors, in whom <15% have metastasis in three
or more sites.

The characteristic clinical features of CUPs include the
following:

1. A short history of local symptoms (e.g., pain, swelling,
and cough) that are related to the site(s) of metastasis

2. A brief history of constitutional symptoms (e.g.,
weight loss, malaise, fatigue, and fever), often related
to hepatic metastases

3. Obvious abnormalities on physical examination, such
as palpable masses at a single site, or, more frequently,
at multiple sites

4. The possible presence of paraneoplastic syndromes
(e.g., superficial migratory thrombophlebitis; hyper-
calcemia; neurologic dysfunction) (see Chapter 2)

Clinicopathologic CUP groups that usually share an
unfavorable outcome can be separated from others that
represent comparatively favorable subsets.

Unfavorable Subsets of CUP

METASTATIC CUP PRIMARILY AFFECTING THE
LIVER. Patients with hepatic metastases represent one
of the most common subgroups of CUP, accounting for
approximately 25% of all cases. After nodal metastasis,
involvement of the liver is the second leading manifes-
tation of secondary carcinoma in general (34). Metastatic
lesions in other organs can also be seen at diagnosis in the
liver-centered CUP subset, but hepatic disease is the
predominant finding. Common clinical presentations of
such patients include right upper quadrant abdominal
pain, epigastric pain, abdominal swelling, jaundice, and
weight loss. In referral patients with suspected CUP and
hepatic metastases, tumors of the lung, colon and rectum,
and pancreas comprised the majority of eventually
discovered primary malignancies. Adenocarcinoma
(57%) and poorly differentiated to undifferentiated
carcinoma (32%) are the most frequently encountered
histological categories in this CUP subset (34). Neuro-
endocrine carcinomas and squamous carcinomas repre-
sent 7% and 3% of cases.

Short survival times in these CUP patients have led
many investigators to recommend only limited diagnostic
evaluations; expensive and time-consuming radiological or
endoscopic studies identify a primary tumor in <10% of
cases (34, 35). Debate continues as to the most appropriate
diagnostic approach, particularly concerning the use of
endoscopic methods. Current recommendations (17) pro-
pose that complementary procedures be used, including
thoracoabdominal CT scanning, imaging of the pelvis (CT
or ultrasound), and mammography in women who have
adenocarcinomaor undifferentiated carcinoma.One iswell
advised to limit the assessment of serum tumor markers to
PSA, alpha-fetoprotein (AFP), and human chorionic gona-
dotrophin beta subunit (b-HCG)when the clinical picture is

4 P A R T I � Clinical Findings



compatible with a prostatic carcinoma or germ cell tumor
(16). Assays of AFP will also facilitate the detection of
multicentric or satellitotic hepatocellular carcinoma, which
can simulate multiple hepatic metastases (Fig. 1).
Colonoscopy has generally not been recommended in
liver-centered CUP cases unless there are clinical symptoms
or signs relating to the alimentary tract. However, we
believe that the latter procedure is indeed useful, because of
the emergence of new medical and surgical strategies,
including targeted monoclonal antibody therapy, which
have improved the prognosis of metastatic colorectal
carcinoma. Colonoscopy should be done in cases with a
familial history of colorectal cancer, or in patients with an
apparently exclusive and possibly resectable hepatic mass,
especially if they have a good performance status (PS) (36).
Immunohistochemical studies of tumor tissue that reveal a
keratin 7–negative and keratin 20–positive adenocarcino-
ma favor a colorectal or gastric source, and would also
justify endoscopic evaluation (37).

The prognosis of the hepatocentric CUP subset is
poor, with a median survival of six to nine months in
studies performed at cancer centers (CC). However,
case examples in this subgroup that concern metastatic
neuroendocrine carcinomas (especially well-differentiated
ones) appear to have a better response to treatment and a
longer survival (34, 38).

METASTATIC CUP PRINCIPALLY AFFECTING THE

LUNGS. Patients with pulmonary parenchymal meta-
stases usually present with multiple peripheral nodular
lesions, at least some of which are usually pleural based.
The lung-centered CUP subgroup accounts for 5% to
10% of all CUP patients. Adenocarcinomas with
varying levels of differentiation are the most frequently
seen in this cohort. In CC patients referred for lung-
centered CUPs, neoplasms of the lungs, breasts, kidneys,
and colon represent the most frequently discovered
tumor sources (39).

n Table 4 Sites of metastasis in patients with unknown primary site

Site of
Involvement

Abbruzzese et al. (16);
n (%)

Culine et al.
(33)

Hess et al.
(32)

Lortholary et al.
(163)

Sève et al.
(20)

van de Wouw
et al. (2)

Liver 202 (31) 47 (31) 331 (33) 51 (16) 153 (39) 244 (24)

Lung NS 60 (40) 263 (26) 42 (13) 82 (21) NS

Pleura NS 18 (12) 112 (11) 15 (5) 76 (20) NS

Lymph nodes 244 (37) 87 (58) 418 (42) 176 (57) 155 (40) 114 (11)

Peritoneum 39 (6) 18 (12) 90 (9) 21 (7) 90 (23) 92 (9)

Bone 184 (28) 67 (45) 289 (29) 99 (32) 75 (19) 82 (8)

Brain 50 (8) 7 (5) 64 (06) 24 (8) 32 (8) 18 (2)

Elsewhere NS 26 (17) NS 48 (15) 81 (21) 81 (8)

No. of sites

1 259 (39.4) 44 (29) 408 (41) 109 (35) 168 (43) NS

2 220 (33.5) 61 (41) 295 (29) NS 128 (33) NS

>2 178 (27.1) 45 (30) 297 (30) NS 93 (24) 266 (26)

Total 657 (100) 150 (100) 1000 (100) 311 (100) 389 (100) 1024 (100)

Abbreviation: NS, not specified.
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In cases where only a single peripheral lung nodule
is present, without evidence of any extrapulmonary
tumor (Fig. 2), the usual doctrine is to consider such a
lesion as a primary lung cancer and treat it accordingly.
Visualization of an endobronchial lesion at broncho-
scopy or by direct visualization at thoracotomy provides
even stronger evidence for origination of the tumor in
the lung.

The prognosis for lung-centered CUPs is poor, espe-
cially for most patients with multiple metastases. Young
individuals (<40 years of age) with possible germ cell or
trophoblastic tumors, however, stand apart as a special
subset. For youngmen, the measurement of serum AFP and

HCG, testicular ultrasonography, and thoracoabdominal
CT scanning are indicated (17). In young women, HCG
levels and pelvic ultrasonography are appropriate.

METASTATIC CUP PRINCIPALLY AFFECTING THE
PLEURA. Malignant pleural effusions are common in
patients with CUP, but in a small group of individuals
they can be the only manifestation of demonstrable
metastasis. This cohort accounts for 3% to 12% of all
CUP patients. Viewed from another perspective, 6% to
15% of all malignant pleural effusions are related to
CUPs (40). Dyspnea is the most common presenting
symptom in pleura-centered CUP cases, and it is seen in
>50% of them. Others symptoms include weight loss,
anorexia, malaise, and chest pain (41). Adenocarci-
noma is the main histological tumor type; primary sites
in the lungs, breasts, and ovaries should be excluded (39).
The differential diagnosis of pleural epithelial mesothelio-
ma and metastatic carcinoma—especially of the so-called
pseudomesotheliomatous type (42–44)—can be extremely
difficult at both the clinical and histopathological levels.
The radiological picture of a diffusely thickened pleura or
tumor encasing the lung (Fig. 3) favors the interpretation
of malignant mesothelioma, but is far from definitive
evidence of it. Pathological examination of tumor tissue,
including an immunohistochemical panel of well-defined
antibodies (45), not only conclusively identifies meso-
thelioma but also provides information on a likely
anatomic source for metastatic carcinomas in the pleura.
A thoracoscopic pleural biopsy is the most advisable for
that purpose, resulting in a definite pathological diagnosis

F IGURE 2 Chest CT scan. Single peripheral lung nodule.
F IGURE 3 Chest CT scan. Malignant mesothelioma with left pleural
effusion and diffusely thickened pleura.

F IGURE 1 Abdomen CT scan. Multicentric hepatocellular carcinoma
simulating multiple hepatic metastases. Assay of alpha-fetoprotein will
be systematic in case of undifferentiated tumor to avoid ignoring a
hepatocarcinoma.
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in 95% of cases. Diagnostic yields of other procedures are
62% for pleural fluid cytology and 44% for “closed”
(cutting-needle) pleural biopsy (41).

The most effective nonpathological investigation in
this CUP subgroup for detection of a primary tumor is a
CT scan of the thorax (46). Bronchoscopy, although
frequently done in this context, is unhelpful in patients
who have negative CT scans (46).

In general, the prognosis of this CUP subset is adverse.
In a series by Abbruzzese et al. on CUPs, those cases
presenting with a malignant pleural effusion did partic-
ularly poorly. They had a median survival of approx-
imately six months, and none was alive after 20 months
(16). Bonnefoi and Smith reported a median survival of
12 months in a comparable study, and 10% of patients
were alive at two years (46).

METASTATIC CUP PRINCIPALLY AFFECTING THE
BONES. Almost 20% to 25% of CUP patients present
with bone symptoms caused by metastases, and bone
scintigraphy is positive in >50% of cases (Fig. 4). Axial
and proximal appendicular portions of the skeleton are
especially involved (47). Presenting symptoms are domi-
nated by bone pain at the site of the lesion or the general
anatomic region in which it is located (48). They may also

be accompanied by neurological dysfunction, primarily
represented by nerve root pain. Hypercalcemia, bone
swelling, and pathological fractures are less common.

Histological examination of the intraosseous
lesions provides a definitive diagnosis of CUP, exclud-
ing hematological malignancies and sarcomas.
Adenocarcinoma is again the main CUP tumor type
in this context. Site-selective antibodies such as thyroid
transcription factor-1 (TTF-1), PSA, estrogen and
progesterone receptor proteins (ERP/PRP), and gross
cystic disease fluid protein-15 (GCDFP-15) (a marker
of breast epithelium) can be helpful in suggesting an
anatomic source for the intraosseous tumor. Although
“blind” iliac crest biopsy was recommended in the
past for evaluation of bone-centered CUPs (49, 50),
recent advances in interventional radiology now favor
the use of guided percutaneous bone biopsies.

In CUP patients with bone metastases, the lungs,
breasts, prostate, and kidneys represent the most common
sites for primary malignancies (39, 48). Recent studies
have shown an increase in the proportion of patients with
lung cancer in that CUP subgroup (48). Although thyroid
carcinomas do have a propensity for osseous metastasis,
the inaugural involvement of bone is exceedingly rare as a
presentation of those tumors. Vandecandelaere et al.
compared two series concerning bone metastases in which
primary sites were sought. The studies, separated by
30 years, showed that a primary site could not be localized
in 38% of cases in the more recent analysis as compared
with 27% in the earlier series (48).

Thoracic and abdominal CT scans, mammograms
in women, and PSA assays in men are considered useful
for determining a possible site of the primary tumor. In
contrast, examination of the GI tract and pelvic
imaging seldom have been thought to be effective in
that regard (51). This opinion is based on the results of
retrospective studies (48, 51, 52). A prospective assess-
ment by Rougraff et al., however, showed that CT
scans of the thorax could detect lung carcinomas in
cases where plain chest radiographs were felt to be
normal (53). Routine assays of multiple tumor markers
in CUP patients with bone metastases are costly and, in
my opinion, unhelpful. Although thyroglobulin is a
specific indicator, routine assays for that analyte are
not warranted because of the low overall incidence of
thyroid cancer involving bones.

METASTATIC CUPS PRINCIPALLY AFFECTING THE
BRAIN. Metastatic CUPs in the CNS may be represented
by solitary or multifocal lesions. Up to 15% of all patients
with brain metastases have no clearly identified site of
tumor origin despite extensive evaluations. Approximately
50% have a single intracerebral mass that is detected by
CT scans (Fig. 5) or magnetic resonance imaging (MRI),F IGURE 4 Cranial X-ray. Multiple bone metastases are present.
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and the rest have two or more lesions. The most common
intracranial locations for CUPs are the frontal and parietal
lobes, followed by the temporal and occipital lobes (54).

Headache is the most common presenting symptom in
this CUP subset, being present in >50% of cases; it may be
the only manifestation of disease. Others problems include
motor deficits, seizures, nausea and vomiting, and
paresthesias (54).

Histopathologically, intracranial CUPs are most fre-
quently adenocarcinomas, followed by SCCs. Anatomic
origins for intracerebral metastases of known primary
tumors include the lungs (39–64%), breasts (13–17%),
kidney (4–13%), GI tract (3%), and the endometrium or
vulva (5–8%). CUP cases account for only 5% (39, 55–57).
Prostatic, ovarian, testicular, and bladder cancers rarely
involve the brain. In patients for whom brain metastases
are the only manifestation of CUP, lung carcinoma is the
most frequently discovered primary tumor (54).

The prognosis of CUP cases with brain-centered
metastases generally is poor; thus, most treatment is
palliative (58). Nevertheless, a subgroup of those patients,
with solitary lesions, may benefit from surgical excision
and have a better prognosis (59). Nguyen et al. showed
that a minority of cases treated with complete resection
and radiotherapy lived for five or more years (54).

MALIGNANT ASCITES OF UNKNOWN ORIGIN AND
NONPAP I LLARY - SEROUS CARC INOMATOUS

HISTOLOGY. Some patients with malignant ascites have
nonpapillary carcinomas; they are as likely to be men as
women. In females who present with disseminated

peritoneal carcinomatosis, the tumor usually originates
in the ovary. Occasionally, carcinomas in the breasts,
lungs, or GI tract (e.g., stomach or vermiform appendix)
can produce this pattern of metastatic spread. The median
age of this CUP subset is approximately 67 years. The
patients have stage III and IV peritoneal carcinomatosis,
according to the scheme advanced by Gilly (60).

Adenocarcinoma is once more the main histological
tumor type. In cases with mucin-producing adenocarci-
nomas, often with signet-ring cell differentiation, a GI
(especially gastric and appendiceal) origin should be
suspected. As is true of malignant pleural effusions,
clinicopathologic differential diagnosis with epithelial
mesothelioma can be difficult, especially for nonmuci-
nous neoplasms.

The tumors in these CUP cases are generally not
responsive to chemotherapy. The median survival is only
1.5 months (60, 61).

Favorable Subsets of CUP

WOMEN WITH PAPILLARY SEROUS ADENOCAR-
CINOMA OF THE PERITONEUM. As previously men-
tioned, among all patients with CUP, there are certain
subgroups that have relatively favorable outlooks after
appropriate therapy. The first of them is represented by
patients with peritoneal carcinomatosis and serous papil-
lary carcinomatous histology.

Peritoneal carcinomatosis in women is commonly
associated with known primary tumors, usually in the
ovaries, GI tract, or breasts. However, in some examples
of diffuse peritoneal carcinomatosis, no primary lesion is
detectable in any of those sites or elsewhere. These cases
frequently show the histological features of ovarian
carcinoma; specifically, many of them are classified as
papillary serous adenocarcinomas with the formation of
psammoma bodies. This clinicopathologic scenario has
been called “multifocal extraovarian serous carcinoma,”
“papillary serous peritoneal carcinoma” (PSPC), “perito-
neal mesothelioma,” “peritoneal papillary (serous) carci-
noma,” “primary peritoneal carcinoma,” “serous surface
papillary carcinoma,” “multiple focal extraovarian serous
carcinoma,” and “small ovarian carcinoma.” PSPC
belongs to the Mullerian family of neoplasms, including
ovarian papillary serous carcinoma (OPSC), endometrial
papillary serous carcinoma, and serous papillary carcino-
ma of the uterine cervix or Fallopian tube. These tumors
have generally similar histological and clinical features.

Two theories have been proposed to explain the
development of PSPC. The first is that germ cells resting
along the gonadal embryonic pathway give rise to eventual
malignancies. According to the second paradigm, malig-
nant transformation occurs by oncogenic transformation of
the coelomic epithelium in the abdominal serosa and

F IGURE 5 Brain CT scan. Solitary metastatic lesion with mass effect.
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ovarian surfaces (62, 63). Although ovarian carcinomas
appear to have a clonal origin (64), at least some PSPCs are
multifocal (65–67).

To better define the patient population with the PSPC
form of CUP and to develop an organized treatment
strategy for it, the Gynecologic Oncology Group defined a
concise set of criteria for this diagnostic category:

1. Both ovaries must be either physiologically normal in
size or enlarged only by a benign process

2. Tumor bulk in extraovarian sites must be greater than
that seen on the surface of either ovary

3. Microscopically, an ovarian tumor component must
be nonexistent, confined to the ovarian surface with no
evidence of cortical invasion, or involve the ovarian
cortical stroma with a tumor diameter of no more than
5mm, with or without surface growth

4. The histomorphological characteristics of the tumor
must be predominantly of the serous type, that is,
comparable to those of ovarian serous papillary
adenocarcinoma of any grade

The feasibility of these criteria was confirmed in a
retrospective review by Chan et al. (68).

The first report of PSPC was by Swerdlow in 1959
(69). Another subsequent communication in 1982 called
attention to the poor outlook of women who presented
with peritoneal carcinomatosis and had no definable
tumor (70). However, Hochster et al. thereafter reported
their experience with three such patients, two of whom
had long-term remissions with cisplatin-based chemo-
therapy. They suggested PSPC could be successfully
treated with regimens that were effective for ovarian
carcinoma (71). Another similar report of five patients
soon followed (72). By 2006, as many as 400 patients with
PSPC were reported, and it was suggested that approx-
imately 10% of women with “metastatic ovarian cancer”
actually had PSPC (62, 68, 73–77). The incidence of PSPC
has increased over the last decade (78).

The interpretation of these studies is complicated by
variable diagnostic terminology, diverse treatment ap-
proaches, and the retrospective nature of the reports. The
PSPC form of CUP is more common in women with a
family history of ovarian cancer, but preventive oopho-
rectomy, as expected, does not protect them from the
disease (79). As is true of ovarian carcinoma, the incidence
of PSPC is increased in patients with BRCA1 mutations
(80). Isolated cases of PSPC have also been reported in
men (81).

Most recent studies confirm that the clinical presenta-
tion of PSPC is indistinguishable from that of advanced
ovarian carcinoma of International Federation of
Gynecology and Obstetrics (FIGO) stage III and IV (82).
Affected patients are usually postmenopausal Caucasians
who present with abdominal pain (29–63%), abdominal

distension (64–78%), GI complaints (7–30%), and weight
loss (11%). The most common finding on physical
examination is ascites (60–100%), while a pelvic mass is
demonstrable in up to 55.6% of patients and an abdominal
mass is seen in 25.9 to 100%. Some patients also manifest
pleural effusions (6–16%), parenchymal hepatic metasta-
ses (11–13%), and extraabdominal lymph node involve-
ment (3–6%) (74, 75, 78, 83, 84).

Radiological findings that suggest the diagnosis of
PSPC are diffuse microcalcification of the peritoneum,
which is felt to occur in relation to psammoma body
formation (Fig. 6). Multicentric peritoneal disease is
typical, with omental involvement being particularly
prominent (85). The serum CA-125 level is often
>1000U/mL, and, not uncommonly, it is markedly
elevated (78, 84, 86).

The diagnosis of PSPC requires that the surgeon
identifies grossly normal ovaries or minimal surface
involvement of them by tumor. Fromm et al. arbitrarily
chose a maximum tumor diameter of 4mm in the ovaries
as exclusionary for the diagnosis of PSPC (62). The
histologic image of PSPC features a micropapillary growth
pattern with irregularly sized and shaped papillae, areas of
stromal invasion, and focally solid epithelial growth.
Psammoma bodies are commonly encountered throughout
the lesion. The immunophenotype of PSPC is generally
analogous to that of serous papillary ovarian carcinoma.
Tubulopapillary mesotheliomas are variants of epithelial
mesothelioma that may be confused with PSPC. Ber-EP4,
MOC-31, and ERP/PRP are useful markers in making that
discrimination pathologically (43, 87).

A few small studies have been performed to assess
possible differences in biomarker levels in PSPC as
compared with OPSC. For example, Kowalski et al.

F I GUR E 6 Abdomen CT scan. Diffuse microcalcification of the
peritoneum suggests the diagnosis of primary serous papillary carcinoma.
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evaluated ploidy and overexpression of p53 or HER-2/neu
in 44 patients with PSPC and in 44 with OPSC (88).
Differences were found in HER-2/neu overexpression
(59% of PSPC cases vs. 36% of OSPCs), but they were
not related to prognosis. Chen et al. showed that PSPC
and OPSC have comparable immunophenotypes for HER-
2/neu, p53, bcl-2, and nm23-H1 (89).

Outcome studies have shown survival rates in PSPC
cases that are better than (90), similar to (62, 68, 75,
76, 82, 91), or worse than those of patients with
FIGO stage III or IV OSPC (78, 92–94). A significant
survival advantage pertains to those cases in which the
post-treatment residual tumor measures £1 cm in great-
est dimension (95).

Patients with PSPC are treated with surgical debulk-
ing and chemotherapy regimens that are similar to those
used for ovarian carcinoma. The PSPC–CUP subset is
associated with better survival than that seen in other
CUP cases (74), especially if optimal cytoreduction is
achieved (84, 86, 96).

WOMEN WITH ADENOCARCINOMA INVOLVING
ONLY AXILLARY LYMPH NODES. The second possible
CUP subgroup with favorable prognosis is that of patients
with adenocarcinomatous metastases to axillary lymph
nodes. Initially, evaluation of these patients is guided by
gender. Men who present in this manner should undergo
evaluation for a primary lung cancer. The GI system and
thyroid should also be evaluated in attempts to identify a
primary neoplasm.

Isolated axillary adenocarcinoma in women most
likely represents a manifestation of mammary carcinoma
(Fig. 7). Of all women with breast cancer, 0.3% to 1%
have involvement of the axillary lymph nodes as the
seminal indicator of an occult malignancy (97). This

uncommon situation was first described by Halsted in
1907 (98). He reported three patients suffering from
“occult breast cancer” who presented only with axillary
metastases. This situation remains a difficult and trouble-
some one for both patients and physicians, because the
inability to localize a primary tumor causes uncertainties
regarding diagnosis and treatment. “Occult” breast
cancer presenting with axillary lymphadenopathy
(OBCAL) requires every effort to be made toward
detecting a small breast tumor (99, 100). These CUP
lesions are staged as T0/N1 or N2/M0 (stage II or IIIa) in
the UICC/AJC classification.

The mean age of women in this CUP subset coincides
with that of others who have “ordinary” breast cancer, at
45 to 55 years of age (101, 102). The diameter of the
axillary masses is often surprisingly large. Both Haagensen
(103) and de Andrade et al. (104) reported a mean size of
4.7 cm; in a series from the Curie Institute, it was 3 cm
(105). Seventy percent of patients with OBCAL have N1
disease; only 5% present with disseminated disease (102).
Rarely, one may observe axillary node metastases in
patients with a history of breast carcinoma on the
contralateral side (106). In such cases, it is difficult to
define whether the new lesions are metastases from the
previous neoplasm or derivatives of a new, occult tumor in
the ipsilateral breast. Genotypic studies may be necessary
to address this point (107).

The assessment of patients with axillary lymphaden-
opathy begins with a careful history and physical
examination. These may exclude a benign cause, which
is most common (108, 109), or a noncarcinomatous
tumor such as lymphoma or metastatic melanoma. A fine-
needle aspiration (FNA) biopsy or needle-core biopsy can
be obtained as the initial diagnostic test. A negative result
does not exclude malignancy, and should prompt an
excisional biopsy (97).

The pathological evaluation of involved lymph
axillary nodes in metastatic carcinoma cases should
include immunostains for ERP and PRP. Expression of
these receptor proteins is found in >50% of patients, and it
provides corroborative evidence for an underlying breast
cancer (110); similar comments apply to tumor positivity
for GCDFP-15. In our opinion, HER-2/neu immunostains
should also be included, with an eye on future treatment.

By definition, an occult breast carcinoma is not
detectable by mammography; therefore, additional imag-
ing studies must be performed. These include ultrasonog-
raphy of the breasts, as well as MRI and PET scanning.
Breast sonography has been recommended, but, in this
particular context, it has shown unacceptable rates of false
positivity and false negativity and poor detection of occult
carcinomas (111). On the other hand, color Doppler
ultrasonography may detect a “tumor flow signal” and
prove to be more successful, as shown by Lee et al. (112).

F IGURE 7 Chest CT scan. Left axillary lymphadenopathy due to
adenocarcinoma involving only axillary lymph nodes.
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Of late, MRI of the breast has been used to identify a
primary site in some cases. This technique has a high sen-
sitivity, ranging from 88% to 100% (113). Its specificity is
much less, as low as 35% in some reports (106).
Suspicious foci in any imaging study should be biopsied.
Some analyses have specifically shown that MRI can
identify primary tumors in most women (75–86%) with
OBCAL (114–116). Negative results predict a low like-
lihood of finding the tumor with a mastectomy.

PET scanning has been used successfully in women
with OBCAL; it is particularly attractive as an imaging
method in patients with fibrocystic changes and radio-
dense breasts, or others who have undergone augmenta-
tion mammoplasties (106). Moreover, PET is capable of
detecting occult regional or distant metastases. Its
application is currently limited by high cost and con-
strained spatial resolution, which precludes detection of
breast carcinomas <1 cm in diameter (117).

Survival of patients with OBCAL is generally the
same, stage for stage, as that of women with known
breast cancer and axillary lymph nodal metastases (106,
109). Five-year actuarial survival rates after treatment
range from 36% to 79% (106). Most patients fall into
clinical stage II, and their prognosis is determined by the
number of metastatically involved nodes. Those with less
than four positive nodes have a more favorable outcome.
Hormonal receptor status is also important; ERP-positive
cases have a better prognosis (102). In spite of this,
reliable prognostic analyses have been difficult to perform
because of selection biases in retrospective series and
small sample sizes.

Patients with OBCAL should be treated as though
they had stage II or stage III breast carcinomas. With
N1 disease, adjuvant chemotherapy, hormonal therapy,
and trastuzumab should be administered. This recom-
mendation is based on improvements in disease-free
and overall survival rates for patients who were so
treated. Surgical management is more controversial.
When the occult breast carcinoma is found by imaging
studies, breast-conservation therapy will often be
proposed because the tumors are relatively small, but
no prospective trial of limited versus total mastectomy
has been performed in this context. Patients with
negative MRI scans should have axillary lymphadenec-
tomies and could be treated by breast irradiation alone
rather than mastectomy. Again, however, long-term
clinical trials are needed to further evaluate these
options (97, 118). Mere observation of the breast is
not a recommended course of action (97, 106, 118). In
patients with N2 disease and “fixed” nodes, preoper-
ative neoadjuvant chemotherapy is suggested, using
guidelines for stage III breast cancer. In nonresponsive
tumors or in very elderly women, radical radiotherapy
is the treatment of choice.

METASTAT I C SQUAMOUS CARC INOMA
PRINCIPALLY INVOLVING CERVICAL LYMPH
NODES. Another subset of CUP patients with relatively
favorable survival rates is that in which metastatic SCC
presents in the cervical lymph nodes and is seemingly
limited to them (Fig. 8). This syndrome is not common,
comprising 2% to 9% of malignancies in the head and
neck (119). In a Danish national study, the annual
incidence of cervical node metastases from squamous
carcinoma at an unknown primary site (CNS–CUP) was
0.34 cases per 100,000 persons per year, and it remained
stable over a 20-year period (120). The number of new
cancers in the head and neck cancers concurrently
increased, suggesting that the proportion of CNS–CUP
cases actually diminished.

The mean age at diagnosis in this CUP subgroup has
varied in different series from 55 to 65 years, but a
younger median age in some studies may be explained
partially by their inclusion of undifferentiated tumors,
possibly including metastatic nasopharyngeal carcinoma
(the latter malignancy can be seen in children as well
as in adults). As is true of other individuals with
carcinomas of the head and neck, the majority of CNS–
CUP patients are men with a significant history of
alcohol and tobacco use. The median interval between
the first appearance of symptoms and diagnosis is
approximately three months.

F IGURE 8 Cervical node metastases representing metastatic squa-
mous carcinoma.
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The most frequently involved lymph nodal area in
CNS–CUP cases is level II, followed by level III; other
nodal stations are less commonly affected (119).
Unilateral nodal disease is the most common; bilateral
lymphadenopathy is seen in only 10% of cases. Median
nodal size is 5 cm (range 2–14 cm), and there is an apparent
prevalence of N2 cases.

Metastases in the upper and middle neck are generally
attributed to cancers of the head and neck, whereas
metastases of SCC in the lower neck (i.e., the supra-
clavicular area) are often associated with primary tumors
below the clavicles, especially represented by lung
carcinomas. FNA for cytopathologic diagnosis is recom-
mended before a neck dissection is performed. However, if
FNA is unproductive because of negative results or
paucicellular specimens, formal lymphadenectomy should
be undertaken. Another hypothetical option is that of
excisional lymph node biopsy, but an increased risk of
distant metastasis has been suggested after this procedure.

The diagnosis of CNS–CUP requires proper physical
examination including a thorough evaluation of the head
and neck mucosa. This may be accomplished with
fiberoptic or rigid endoscopy, with the latter being done
under general anesthesia. Biopsies are usually taken from
all suspicious sites or obtained blindly from the likely sites
of tumor origin. These include the base of the tongue,
tonsils, pyriform sinus, and nasopharynx on the lesional
side. If the tonsil is not present, a biopsy of the tonsillar
fossa should be performed.

Imaging studies of the head and neck include CT
scanning and MRI (Fig. 9). The detection rate with CT is
approximately 15% to 20%. In cases where there are
suggestive findings on clinical examination or imaging,
panendoscopy with biopsy is successful in identifying a
primary tumor in up to 65% of patients. The most
common sites for a definable primary lesion (in 82% of
cases) are the tonsil or tonsillar fossa and the base of the
tongue. Some patients also present with synchronous
primary tumors. In recent years, the incidence of occult
primary tumors in the nasopharynx, hypopharynx, and
supraglottic larynx has decreased.

In cases with negative radiographic examinations,
e.g., CT scanning and MRI, a primary tumor can
sometimes be detected by using a functional imaging
modality such as PET. Rusthoven et al. did a compre-
hensive review of the efficacy of fluorodeoxyglucose
(FDG)–PET in detecting primary tumors presenting with
cervical metastasis of a CUP (121). The overall sensitivity,
specificity, and accuracy of the procedure were 88.3%,
74.9%, and 78.8%, respectively. FDG–PET delineated
24.5% of tumors that were undetected by other imaging
modalities, and it was also sensitive in detecting previously
unrecognized regional or distant metastases. Nonetheless,
FDG–PET had a low specificity for tonsillar tumors and a

low sensitivity for carcinomas at the base of the tongue.
Proof that FDG–PET improves the prognosis of patients
with CNS–CUP is not yet available. We therefore consider
this technique to be an option in cases in which other
conventional imaging studies are negative.

A systematic bilateral tonsillectomy, even in the
absence of visible lesions, has been recommended for
CNS–CUP (17); up to 25% of occult primary tumors are
detected in this manner. This is most true when presenting
metastases are seen in the subdigastric lymph nodes,
followed by the submandibular and midjugular nodes. In
cases involving the supraclavicular nodes, an intrathoracic
primary tumor must be considered and checked for with
thoracic CT scanning and endoscopic evaluation. Cases
showing the presence of undifferentiated carcinoma
should be assessed with serologic studies for Epstein–
Barr virus (EBV) or detection of EBV-DNA in the tumor
tissue by in situ hybridization. These measures help
delineate undifferentiated nasopharyngeal carcinomas,
particularly in young males from North Africa or
Southeast Asia (122).

The five-year survival rates for CNS–CUP range from
35% to 50%, and long-term tumor-free survival has been
documented. Nodal status is considered to be the most
important prognostic factor. In fact, the prognosis in
CNS–CUP cases appears to be equivalent to that observed
in patients with known primary tumors and a similar
nodal stage. In cases where a neck dissection is done, other
prognostic factors come into play, including the number of

F IGURE 9 Head and neck MRI. A mass occupies the tongue base and
hypopharynx, representing squamous carcinoma.
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positive lymph nodes, the histological grade of the tumor,
and extranodal extension by carcinoma. Over the last
30 years, probably due to better pretreatment evaluation
and more effective therapy, local tumor control has
improved in cases of CUP of the head and neck.
However, proof that the latter effect translates into
improved survival remains elusive.

The treatment of the CNS–CUP subset follows the
guidelines for locally advanced squamous carcinomas of
the head and neck (120, 123). Surgery alone is an
inferior approach and is recommended only in highly
selected patients, particularly those with pN1 disease
and no extranodal tumor extension. Radiotherapy of
the ipsilateral cervical nodes alone is inferior to
irradiation to both sides of the neck, together with
the mucosa in the entire pharyngeal axis and larynx.
Again, although recommended, this intensive irradiation
protocol has not been shown definitively to prolong
survival. The role of systemic chemotherapy in this
setting is undefined, but concurrent chemoradiotherapy
seems to be particularly beneficial for patients with N2
or N3 disease.

ISOLATED INGUINAL LYMPH NODE METASTASIS
OF SQUAMOUS CARCINOMA. Isolated inguinal involve-
ment by carcinoma defines an uncommon CUP subset,
and the most common histological tumor type seen in this
context is undifferentiated (anaplastic) carcinoma (124).
Lymphoma and metastatic melanomas of unknown origin
should be excluded pathologically in such circumstances.
SCC or mixed squamous carcinoma–adenocarcinoma is
considered a special entity because of its better prognosis.
The diameters of the inguinal masses in this CUP group
vary between 1 and 9 cm. Local pain and discomfort occur
in roughly 50% of cases, and lymphedema is rare.

Careful evaluation of the anorectal region, a metic-
ulous gynecological examination, and cystoscopy are
necessary investigations in attempts to localize a primary
tumor (17). Inguinal lymph node dissection, with or
without local radiotherapy, is the recommended treatment
for this CUP cohort with inguinal lymphadenopathy and
metastatic SCC. Long-term survival after definitive local
therapy has been reported in a few patients. The role of
systemic chemotherapy has not been evaluated prospec-
tively, but its emerging role as part of a combined therapy
for other squamous cancers in the same region (e.g., in the
anus, cervix, and bladder) suggests a future role for this
treatment modality.

PATIENTS WITH CUP AND BLASTIC BONE
METASTASES. Osteoblastic bone metastases (Fig. 10) in
men raise the suspicion of prostatic carcinoma, and this
neoplasm can be confirmed by observing elevated serum

PSA levels or demonstrating PSA in tumor tissue.
Osteoblastic bone metastases also are an indication for
an empiric trial of hormonal treatment, regardless of other
clinicopathologic findings (19). Even when other clinical
features do not suggest the presence of prostate carcinoma,
elevated PSA levels in serum or positive immunostains for
that marker justify the use of hormonal therapy (125, 126).

Osteoblastic metastases can be seen in other CUP cases
as well, particularly those in which the tumor proves to be
a well-differentiated neuroendocrine carcinoma (“carci-
noid”), a breast carcinoma, or a pancreatic carcinoma
(127–129). For this reason, serum tumor marker studies
for chromogranin-A (130), CA15-3, and CA19-9 may be
prudent in this scenario.

Recently, several radiopharmaceutical agents with an
affinity for bone have been developed, including (186)Re-
HEDP, (153)Sm-EDTMP, and (89)SrCl(2). They may be
used in the palliative treatment of osseous metastases in lieu
of, or in addition to, conventional radiotherapy (131, 132).

PDC WITH A MIDLINE DISTRIBUTION (EXTRA-
GONADAL GERM CELL TUMOR SYNDROME). Initial
observations that led to the definition of a unique CUP
subset in 1979 were based on retrospective data from a
small group of young male patients. They presented with
malignancies that were difficult to characterize, but which
were felt to represent undifferentiated carcinomas or PDAs
of unknown origin. Despite those histological diagnoses,
the cases were characterized by an excellent response to
chemotherapy (3, 133). A subsequent pathological review
of the tumors revealed features of germ cell malignancies,
and many of the patients had abnormal b-HCG and AFP
serum levels; some had testicular masses. Thus, the

F IGURE 10 Bone X-ray. Multiple osteoblastic bone metastases.
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“extragonadal germ cell tumor syndrome” (EGCTS) was
born. In the early 1980s, the clinical definition of this
subgroup included a histological diagnosis of PDA or
undifferentiated CUP site, age <50 years, tumor primarily
located in the midline of the body, elevated serum levels of
b-HCG and AFP, clinical evidence of rapid tumor growth,
or tumor responsiveness to previous radiotherapy and/or
chemotherapy. After 1982, Greco et al. abandoned these
stipulations and included all young patients with PDAs or
undifferentiated CUPs in EGCTS treatment protocols
(134). In the largest reported series of 220 patients who
were treated with cisplatin-based combination chemo-
therapy, an overall response rate of 62% was observed
with a 10-year actuarial survival of 16% (135). However,
a more recent study of 337 patients by Lenzi et al. could
not confirm good survival or universal chemoresponsive-
ness of young patients with PDA (136). Although it is
suggestive of EGCTS, chemosensitivity of poorly differ-
entiated malignancies in young people is not diagnostic by
itself. That characteristic may also be seen with lympho-
mas or neuroendocrine carcinomas.

The most common symptoms of the EGCTS–CUP
subset include chest or back pain and shortness of breath.
Weight loss, chills, and fever are less frequently reported
than in CUP patients in unfavorable-prognosis subgroups.
Most cases show tumor involvement of multiple anatomic
sites at presentation, although the bulk of disease is, by
definition, midline. The anterior mediastinum is the most
frequent site of tumor growth (Fig. 11), followed by the
lung fields, retroperitoneum, and supraclavicular and
cervical lymph nodes. Some cases show involvement of
the brain, bones, pleura, or pericardium (133).

Pathological evaluation is crucial to the proper
classification of poorly differentiated epithelioid neo-
plasms, such as those in the EGCTS. The histological
differential diagnosis includes carcinoma—both germ cell
and somatic—as well as sarcoma, melanoma, and
malignant lymphoma. Pathological evaluations to identify
tumor lineage usually include immunostains for keratin,
vimentin, CD45, CD20, CD3, S100 protein, and placental
alkaline phosphatase (PLAP—a germ cell tumor–related
marker). Once the diagnosis of carcinoma has been
established, further assessment can focus on the anatomic
site of origin. Lineage- or site-selective antibodies, such
as TTF-1, PSA, GCDFP-15, CD56, and PLAP, can be
employed at this point. Hainsworth et al. conducted a
retrospective study to assess the clinical utility of
immunostaining in 87 patients with poorly differentiated
neoplasms with unknown primary sources (137). They
reported that immunophenotyping confirmed the diag-
nosis of PDA in 56% of cases and yielded an alternative
or more specific interpretation in 18% of cases. These
included melanoma, lymphoma, prostatic carcinoma, and
neuroendocrine carcinoma. In 28%, immunopathologic
results were inconclusive.

Cytogenetic or molecular biological analyses may
also be useful for young patients with midline PDCs of
uncertain histology. In reference to germ cell tumors,
Motzer et al. performed genetic analyses on 40 PDCs
with a midline distribution. They showed abnormalities
of chromosome 12 (e.g., i[12p]; del[12p]; multiple copies
of 12p) in 12 of those cases, providing substantiation for
a diagnosis of germ cell tumor (138). Other specific
cytogenetic abnormalities were diagnostic of melanoma
(two cases), lymphoma (one), primitive neuroectodermal
tumor (one), and desmoplastic small round cell tumor
(one).

The clinical evaluation of patients with midline PDCs
includes CT scans of the chest, abdomen, and pelvis (17).
Testicular ultrasonography and b-HCG and AFP serum
levels are recommended for men in this CUP subset.
However, Motzer et al. showed that AFP and HCG are
most often normal in cases with midline tumors (138).
Also, elevated serum levels of germ cell tumor markers do
not predict the response to platinum-based chemotherapy
in CUP patients (133, 139).

Patients with midline PDCs should be managed
analogously to poor-prognosis germ cell tumor cases, using
platinum-based chemotherapy (134, 140). Responses in
>50% of patients has been reported, with 15% to 25%
complete responders and 10% to 15% long-term disease-
free survivors.

Few studies have focused specifically on primary
mediastinal nonseminomatous germ cell tumors
(MGCTs). These uncommon neoplasms have been said
to have a particularly poor prognosis compared with

F IGURE 11 Chest CT scan. A mass in the anterior mediastinum
represents an extragonadal germ cell tumor.
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nonseminomatous germ cell tumors arising in other
locations. The most common clinical symptoms of
MGCTs include chest pain and shortness of breath.
Weight loss, chills and fever, and the superior vena cava
syndrome are possible (141). Forty percent of MGCT cases
will go on to long-term survival after modern cisplatin-
based chemotherapy, followed by surgical resection of
residual masses (142).

POORLY DIFFERENTIATED NEUROENDOCRINE
CARCINOMAS. Neuroendocrine carcinomas of un-
known primary origin represent a broad spectrum of
malignancies. Three clinicopathologic subsets of such
lesions have been described. The first is that of low-grade
neuroendocrine carcinomas (i.e., “carcinoids” or pancre-
atic “islet cell tumors”), which usually secondarily involve
the liver and sometimes produce symptoms that are
associated with the secretion of vasoactive peptides. The
second subset is that of small cell “anaplastic” carcinoma
(poorly differentiated neuroendocrine carcinoma, small
cell type), with a histological appearance and clinical
behavior that is similar to that of small cell lung cancer or
extrapulmonary small cell carcinoma. The third group
represents PDCs or PDAs with “occult” neuroendocrine
differentiation; that is to say, neuroendocrine features that
are demonstrable only at immunohistologic or ultra-
structural levels of pathological evaluation (143).

Metastatic “classical” carcinoid tumors with an
unknown anatomic origin have been well described; they
usually present in the liver and an occult GI primary site is
suspected. The clinical behavior and treatment of carci-
noidal CUPs are identical to those of metastatic GI
carcinoids with a defined primary tumor (144). The mean
age at diagnosis is 59 years. Presenting symptoms include
abdominal pain (60%), diarrhea (51%), flushing (36%),
enteric-obstructive symptoms (19%), and cardiac valvular
disease (11%). The hormone levels seen with carcinoidal
CUPs are not significantly different from those attending
metastatic midgut carcinoids. Investigations to localize a
primary tumor usually include CT scans of the abdomen
and nuclear imaging with labelled octreotide (145). Van
Tuyl et al. also showed that video capsule endoscopy can
be useful in detecting primary carcinoids in the small
intestine in this context (146).

Well-differentiated neuroendocrine carcinoma CUPs
are typically indolent and do not respond well to chemo-
therapy; however, octreotide may be helpful in controlling
symptoms. The survival of patients with such tumors is
similar to that of patients with metastatic midgut
carcinoids; the 10-year survivals of these two groups are
22% and 28%, respectively.

Small cell carcinoma is now known to arise potentially
in many organ sites. Cells with “neuroendocrine” features
have been identified throughout the body, especially in the

lungs, GI tract, and prostate. Therefore, it is not surprising
that tumors with neuroendocrine features can also
originate at many anatomic locations (147–149). So-called
extrapulmonary small cell (“oat cell”) carcinomas can
arise in the GI tract, ear, nose, and throat, genitourinary
system, biliary tract, pancreas, internal genitalia, upper
respiratory system, kidneys, thymus, skin, and peritoneum
(150–152). Metastatic small cell carcinoma CUP cases
account for 10% of patients with extrapulmonary small
cell carcinomas. Because all these tumors have the
potential for rapid growth and early dissemination,
diagnosis at an advanced stage of disease is frequent and
one-third of patients have extensive tumor burdens. In all
metastatic small cell carcinoma CUP cases, a primary site
should first be sought in the lung, and then in the various
documented locations for extrapulmonary small cell
carcinoma. Regardless of their anatomic sources, small
cell carcinoma CUPs are usually fatal, with a 13% five-
year survival rate (150).

Finally, there is a subset of poorly differentiated
tumors with “occult” neuroendocrine differentiation,
identifiable only with electron microscopy or immunohis-
tochemistry. This cohort of tumors represents 13% of
PDC-CUPs (134). Most patients have clinical evidence of
a high-grade malignancy with metastases in several sites
(153). The median age at diagnosis is 54 years, with a
male predominance. Most patients are smokers. The
retroperitoneum (28%), lymph nodes (24%), and media-
stinum (10%) are most frequently involved by PDC-CUPs
with occult neuroendocrine features, and 6% of cases
show metastatic tumors at two or more sites. Other
possible locations for metastases include bones, liver,
peritoneum, subcutaneous tissue, and the pharynx.
Symptoms suggesting a hormonal syndrome are very
unusual in this subset, consistent with the poorly differ-
entiated nature of the tumors.

Many high-grade neuroendocrine carcinomas are very
sensitive to chemotherapy (153, 154). In recent studies,
responses to platinum-based or paclitaxel/carboplatine-
based chemotherapy were reported to be as high as 50%
to 70%, with >25% complete responses and 10% to 15%
long-term survivors.

PATIENTS WITH SINGLE, SMALL, POTENTIALLY
RESECTABLE METASTASES. In situations where only
one apparent site of metastasis is identified (e.g., one
lymph node group or one large mass), the possibility that
an unusual primary tumor is simulating metastatic disease
must be considered. Several neoplasms may present in this
fashion, including Merkel cell carcinomas (Fig. 12) and
cutaneous adnexal carcinomas, as well as sarcomas,
melanomas, or lymphomas that are mistakenly interpreted
as carcinomas on pathological and clinical grounds.
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Usually, patients with “one” site of involvement do have
metastatic carcinoma, and many other metastases are
really present but are not detectable at that point in time.

There is no standard for the specific evaluation of
patients in this CUP subset (17). French guidelines would
lead one to consider whole-body CT scanning and bone
scintigraphy as options. FDG–PET scans may also
provide valuable information when local treatment is
being considered (155). Further evaluation of these
diagnostic measures, as well as cost–benefit analyses,
are warranted.

In the absence of any other documented disease, patients
with presumed unifocal metastasis should be treated with
aggressive local therapy, including resection, radiation
therapy, or both. A minority will enjoy long-term disease-
free survival (19).

n PROGNOSTIC AND PREDICTIVE FACTORS

Prognostic Factors in the General Population of CUP Patients

For malignant diseases, predictions concerning tumor
behavior and choice of optimal therapy are based on the
primary tumor site. Thus, in CUP cases, the absence of a
known tumor source poses major uncertainties and
generates anxiety for both patients and physicians. CUPs
are a heterogeneous group of tumors with widely variable
natural histories, but in aggregate, CUP patients histor-
ically have a poor survival rate. In nonrandomized clinical
studies, median survivals range from 8 to 13 months, and

one-year survivals vary from 15% to 29% (156–161).
These data are similar to those attending chemotherapy-
treated metastases of lung, pancreatic, and gastric
carcinomas, among others (162).

In patients who are evaluated for treatment at
tertiary CCs, median survival ranges from 9 to
11 months (16). However, in tumor registry data,
CUP cases have a poorer median survival of three to
four months, with <15% being alive one year after
diagnosis (1, 2, 20). Sève et al. observed important
differences between patients being evaluated at CCs
and those evaluated at other medical centers (20). Non-
CC patients are significantly older, with more severe
comorbidity and adverse functional status. The prog-
nosis is indeed poorer in these individuals, with a three-
week median survival. These data support the presence
of a strong referral bias, and explain the better
outcomes reported in CC-based studies. In this context,
the ability to assign patients to prognostic subgroups
using a simple, reliable classification scheme would be
an important tool. It would help the oncologist to
refine the management of CUP patients, to assess
published treatment results, and to design clinical
research studies.

As discussed, some CUP patients belong to more
favorable subgroups that may respond to specific therapy.
However, the majority of CUP cases fall outside such
subsets and seldom respond to treatment. For them, a
number of studies have been performed to identify adverse
prognostic factors.

No prospective studies or meta-analyses of prognostic
factors in CUP cases have been published. We have
included here those recent studies with multivariate
statistical analysis that have included more than 100 pa-
tients (Table 5).

Abbruzzese et al. studied the prognosis of 657
unselected CUP patients referred to the M.D. Anderson
Cancer Center from 1987 to 1992 (16). It should be
pointed out that cases in favorable subsets were also
included in this study. Univariate analysis identified two
favorable characteristics: isolated lymph nodal involve-
ment and pathological diagnoses of carcinoma (not
further specified), squamous carcinoma, and neuroendo-
crine carcinoma. Adverse characteristics included male
sex; adenocarcinomatous histology; metastases to the
brain, bones, liver, lungs, and pleura; and a multiplicity
of metastatic sites, with survival being inversely related to
the number of metastatic locations. Age, race, and the
presence of cutaneous or peritoneal metastases did not
significantly affect outcome in the univariate model.
However, multivariate analysis identified lymph nodal
and peritoneal metastases and neuroendocrine histology
as independent predictors of longer survival. Male sex, a
large number of metastatic sites, adenocarcinomatous

F IGURE 12 Potentially resectable Merkel cell carcinoma.
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n Table 5 Published studies of prognostic factors in patients with CUP

Adverse Prognostic Variables

Reference No. of Patients Univariate Analysis Multivariate Analysis

Abbruzzese et al. (16) 657 Male sex Male sex

Adenocarcinoma histological type Adenocarcinoma histological

type

No. of metastatic sites >1 No. of metastatic sites >1

Lung metastases Liver metastases

Liver metastases

Bone metastases

Pleura metastases

Brain metastases

Lortholary et al. (163) 311 Male sex Male sex

Adenocarcinoma histological type Adenocarcinoma histological

type

No. of metastatic sites >1 No. of metastatic sites >1

Poor PS Poor PS

Primary identified

Culine et al. (33) 150 PS (0–1, 2–3) PS (0–1, 2–3)

No. of metastatic sites >1 LDH

Liver metastases

CEA

CA-125

Alkaline phosphatase

LDH

Sève et al. (20) 389 Age (0 ‡ 65 yr) PS ‡ 2

PS ‡ 2 Liver metastases

(Continued)
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tumor type, and hepatic metastases were again confirmed
as unfavorable indicators. Supraclavicular lymph node
involvement was also found to be a significantly negative
prognostic factor.

Lortholary et al. studied prognostic factors among
311 unselected CUP patients referred to one French CC
between 1980 and 1995 (163). Patients belonging to
favorable CUP subsets were not excluded. Univariate
analysis of the data identified several favorable character-
istics—female sex, a PS of < 2, histological tumor types of

squamous or undifferentiated carcinoma, eventual identi-
fication of a primary tumor source, and only one site of
metastasis. Multivariate analysis by the Cox method
resulted in four positive prognostic factors—female sex,
PS < 2, squamous carcinomatous histology, and only one
site of metastasis.

In 1999, Hess et al. published a regression tree
analysis of 1000 consecutive CUP cases seen at the M.D.
Anderson Cancer Center between 1987 and 1994. It
produced 10 subgroups that had median survivals ranging

n Table 5 Published studies of prognostic factors in patients with CUP (Continued )

Adverse Prognostic Variables

Reference No. of Patients Univariate Analysis Multivariate Analysis

ACE-27 grade ‡2 adenocarcinoma histological type Peritoneal metastases

Liver metastases ACE-27 grade ‡2

Peritoneal metastases

Lack of lymph node metastases

No. of metastatic sites >1

LDHa

Sève et al. (164) 317 PS ‡ 2 PS ‡ 2

ACE-27 (3, < 2) ACE-27 (3, < 2)

Liver metastases Liver metastases

Peritoneal involvement LDH

No. of metastatic sites >1 Low serum albumin

lymphopenia

Alkaline phosphatase

LDH

Anemia

Thrombocytosis

Low serum albumin lymphopenia

aBecause of missing data, LDH level was not incorporated in the multivariate analysis.

Abbreviations: PS, performance status; LDH, lactate dehydrogenases; CEA, carcinoembryonic antigen; ACE-27, Adult Comorbidity Evaluation 27.
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from five to 40 months (32). Several clinicopathologic
variables, including age, sex, ethnicity, histopathologic
tumor type and degree of differentiation, the number of
metastatic sites, the number and locations of lymph nodal
metastases, and involvement of specific nodal and extra-
nodal sites were evaluated. The subgroup with the
longest median survival comprised 127 patients with only
one to two metastatic sites, histology other than adeno-
carcinoma, and no involvement of the adrenals, bones,
liver, or pleura. The subset with the second best survival
(24 months) was represented by 28 patients with isolated
hepatic metastases of neuroendocrine carcinoma. One of
the worst prognosis groups, with a median survival of only
five months, included 153 patients who were older than
61.5 years, or with histology other than neuroendocrine
carcinoma, or hepatic metastases. Another adverse cat-
egory comprised 23 patients with adrenal metastases. An
additional, previously undescribed subgroup was consti-
tuted by 76 patients with dominant pleural involvement
and a median survival of nine months.

Two alternative prognosis “trees” were created in
that study, using an initial separation centering on
histological tumor type and lymph node involvement.
The groups generated by a subsequent division of the
lymph node variable included a “best survival” group of
99 patients with nonadenocarcinomatous histology,
only one or two metastatic sites, and lymph node
involvement; these individuals had a median survival
of 45 months. The two groups with the shortest survival
(five months) were characterized by nonneuroendocrine
histology, hepatic involvement, and no nodal disease
(117 patients); or by adrenal involvement, lymph nodal
metastases, and two or more sites of metastasis
(39 patients). This study confirmed the prognostic
importance of hepatic and lymph nodal metastases,
tumor histology, and the number of metastatic sites.
However, the applicability of this model in daily practice
is admittedly limited by its complexity.

Culine et al. developed a simple prognostic model that
stressed the importance of PS and serum lactate dehydro-
genases (LDH), in a study of 150 CUP patients evaluated
at a French CC. Pathologically favorable tumor subsets
were excluded in this assessment (33). By univariate
analysis, adverse prognostic factors included a PS of 2 to
3, the presence of hepatic metastases, and two or more
metastatic sites. The value of PS and hepatic involvement
were confirmed as independently significant prognostic
variables after multivariate analysis. The authors then
evaluated blood levels of alkaline phosphatase, carci-
noembryonic antigen (CEA), CA19.9, CA-125, CA15.3,
and LDH that were seen prior to treatment. Of those,
elevated LDH levels had independent adverse significance
after multivariate analysis. Additional multiparametric
studies including both clinical and biological variables

showed that only a PS of 2 to 3 and elevated LDH retained
significance. The authors subsequently identified good-
risk and poor-risk patients with median respective
survivals of 11.7 and 3.9 months, by focusing on these
two adverse prognostic factors. One-year survival rates in
these cohorts were 45% and 11%, respectively. These
results were subsequently validated with an independent
data set of 116 patients who were enrolled in two
prospective clinical trials.

More recently, Sève et al. conducted a Canadian
retrospective study to assess the impact of comorbidity
on prognosis in patients with CUP (20). This was done
using the Adult Comorbidity Evaluation-27 (ACE-27)
protocol at the time of diagnosis. The authors reviewed
clinical data in 389 cases with a diagnosis of CUP in the
Northern Alberta Cancer Registry, as seen between
2000 and 2003. In univariate analysis, short survival
was significantly related to age ‡65 yrs, PS ‡2, an ACE-
27 grade ‡2, adenocarcinomatous histology, the pres-
ence of hepatic or peritoneal metastases, lack of lymph
nodal involvement, two or more metastatic sites, and a
high serum LDH level. Multivariate analyses of these
factors found that PS ‡2, the presence of hepatic or
peritoneal metastases, a high comorbidity score, and
two or more metastatic sites were independently
significant predictors of survival. Because of incomplete
data, LDH levels were not incorporated into the
multivariate analysis. The impact of comorbidities on
survival was limited to those patients with a low PS.

The same authors subsequently performed a retro-
spective study of consecutive CUP cases that were
evaluated at the Cross Cancer Institute of Edmonton
(Canada) between 1998 and 2004. The goal was to
investigate whether lymphopenia and low serum albumin
levels might be related to the prognosis of CUP patients
(164). By univariate analysis, adverse prognostic factors
included PS ‡2, an ACE-27 grade of 3 (vs. ACE-27 grades
of <2), the presence of hepatic or peritoneal involvement,
two or more metastatic sites, a high level of alkaline
phosphatase or LDH, anemia, thrombocytosis, a low level
of serum albumin, and lymphopenia (defined as an
absolute peripheral blood lymphocyte count of £ 0.7
�109/L). Multivariate analysis showed that patients with
PS of ‡2, hepatic metastases, high overall comorbidity
scores by ACE-27, elevated LDH levels, lymphopenia, and
low serum albumin levels had a worse prognosis. Because
of the observation that liver metastasis and low serum
albumin levels were the most powerful adverse prognostic
factors, with a hazard ratio for death of >2, a subsequent
classification scheme was delineated. The “good-risk”
group was that with no hepatic metastases and a normal
serum albumin level, whereas the “poor-risk” group had
the converse. Their respective median survivals were
371 days and 103 days (p < 0.0001). This classification
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was further validated in an independent data set of
124 patients evaluated at two French CCs, among whom
median survivals were 378 days in the good-risk group
and 90 days in the poor-risk subset (p < 0.0001).
Interestingly, this prognostic model substantially out-
performed the previous standard paradigm devised by
Culine et al. This improvement was largely due to the
impact of elevated LDH levels in cases classified as good-
risk in the “new” prognostic model. Because of its
potential lack of specificity in the CUP population, and
its lesser prognostic value, the authors concluded that
LDH is probably inferior to serum albumin for predicting
survival in CUP cases.

Measurement of other biological variables, such as C-
reactive protein and inflammatory cytokines, appears to
predict survival in some populations of cancer patients.
Hence, it is of interest in CUP cases as well (164).
Prospective studies that include both clinical and bio-
logical variables are warranted to best determine the
individual prognosis of CUP patients and design more
tailored treatments.

Prognostic Factors in CUP Patients with PDC (Not Further
Specified) and PDA

The preceding section considered prognostic studies on the
general population of CUP patients. Others, however,
have focused specifically on the prognosis of CUP patients
with PDC and PDA.

Hainsworth et al. studied a prospectively compiled
group of 220 patients who were treated with cisplatin-
based chemotherapy over a period of 12 years, at
Vanderbilt University (135). In selected patients, patho-
logical diagnoses were revised at intervals after entry into
the study, because of additional information obtained by
rebiopsy, autopsy, or retrospective pathological evalua-
tion using adjunctive methods such as immunohistochem-
istry. The final diagnoses were those of PDC (97 patients);
PDA (70 patients); PDC with neuroendocrine features
(25 patients); melanoma (eight patients); lymphoma (six
patients); poorly differentiated SCC or sarcoma (five
each); and yolk-sac tumor, primitive neuroectodermal
tumor, mixed PDA/neuroendocrine carcinoma, and pro-
static adenocarcinoma (one each). The authors assessed
various clinicopathologic features in this case group as
potential prognostic indicators, including age, sex, smok-
ing history, histological diagnosis, the number of meta-
static sites, the dominant site of tumor, serum LDH and
CEA levels, and the chemotherapy regimen that was used.
Univariate analysis showed only one favorable character-
istic: a dominant tumor location in the retroperitoneum or
peripheral lymph nodes. Three adverse characteristics
were identified—a history of cigarette smoking, more than
two metastatic sites, and elevated serum levels of LDH

and/or CEA. When these factors were assessed in Cox
multivariate analysis, the independently favorable prog-
nosticators were predominant tumor location in the
retroperitoneum or peripheral lymph nodes; tumor limited
to one or two metastatic sites; a negative smoking history;
and young age. Saliently, histopathologic classification of
the tumors as PDC or PDA was not prognostically
important.

Van der Gaast et al. developed a simple prognostic
model stressing the importance of PS and alkaline
phosphatase, based on a population of 79 CUP patients
with PDA and PDC. They were evaluated at a Dutch CC
(165). The authors assessed demographic, clinical, and
laboratory variables for possible significance as prognostic
factors. In univariate analysis, PS ‡1, histological classi-
fication as adenocarcinoma versus undifferentiated carci-
noma, the presence of bone and liver metastases, and
serum levels of alkaline phosphatase and aspartate
aminotransferase were found to be adverse prognostic
indicators. Poor PS and the alkaline phosphatase level
were confirmed as independently significant by multi-
variate analysis. “Good-prognosis” patients, with a PS of
0 and an alkaline phosphatase level <1.25 the upper limit
of normal, had a median survival of >4 years.
“Intermediate-prognosis” patients, with either PS £1 or
an alkaline phosphatase level of >1.25� the upper limit of
normal, had a median survival of 10 months and a 4-year
survival rate of 15%. The “poor prognosis” group, with
both a PS score of £1 and an alkaline phosphatase level of
>1.25� the upper limit of normal, had a median survival
of only four months and no survivors beyond 14 months.

To evaluate the prevalence of PDC and PDA in an
unselected population of CUP patients, and to see whether
favorable treatment-response profiles in PDC/PDA pa-
tients could be confirmed in a large consecutive series,
Lenzi et al. studied 957 unselected CUP patients for whom
comprehensive pathological evaluations had been done
(136). The authors found that 140 cases were diagnosed as
PDC and 197 as PDA. No clinical differences were
identified among patients with PDC or PDA, or those
with other histological types of carcinoma. Median
survival for the PDC cases was 13 months, and for those
with PDA it was 9 months, with PDC histology being
statistically significant by univariate analysis. In multi-
variate analysis, however, there was no significant survival
advantage in this histological subset. Variables that
predicted survival in the PDC/PDA group included lymph
nodal metastases, female sex, less than three metastatic
sites, the histological carcinoma subtype, and age
<64 years. The findings of this study appear to be
supported by results of more recent phase II trials. In
those assessments, patients with well-differentiated carci-
nomas and PDC histology had similar response rates with
the same platinum-based regimen (156, 158).
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n CONCLUSIONS

CUPs are metastatic carcinomas for which a primary site
cannot be identified during pretreatment assessments.
These tumors are characterized by their slow local
development and a high metastatic potential. The organ
of origin remains unknown in 20% to 50% of CUP
patients, but results from autopsies show that the primary
tumors are most often located in the pancreas, lungs, gut,
or kidneys. CUP is a common clinical syndrome that
accounts for 2% to 5% of all cancer patients. With the
ever-increasing sophistication of pathological and radio-
logical techniques, this frequency will probably decline in
the future. In referral centers, the median age of CUP
patients at presentation is approximately 60 years, with a
marginally higher frequency in men. However, in pop-
ulations described by tumor registries, they are 10 years
older and the number of women is greater.

Clinical presentations of CUPs are usually nonspecific
and include a short history of local or constitutional
symptoms. Major sites of metastases include the lymph

nodes, liver, bones, and lungs. Roughly 30% of patients
present with involvement of three or more organs. In most
instances, the primary tumor remains unidentified
throughout life.

The author proposes a general approach to diagnosis in
patientswith possibleCUPs as outlined in Figure 13 (17, 36,
37, 166–168). The first step is procurement of a complete
medical history and physical examination. One must also
pay attention to past biopsy results, any history of surgery,
the nature of any excised or regressed lesions, and a history
of cigarette smoking. Family history is also important, and
may, for example, suggest the possibility of the hereditary
nonpolyposis colon carcinoma syndrome or hereditary
breast carcinoma. The physical examination should include
careful palpation of the thyroid, breasts, lymph nodes,
prostate, and pelvic organs. Findings at that step can guide
the physician to look for a specific primary tumor. For
example, the presence of left supraclavicular lymphaden-
opathy (Virchow’s node) (169) or periumbilical cutaneous
tumor nodules (Sister Mary Joseph’s nodules) (170) should
prompt a thorough investigation of theGI tract. In addition,

Carcinoma of unknown primary suspected

Step I

Search for site suitable for biopsy

Step II

No specific pathological diagnosis

Step III

Clinicopathologic identification
of treatable subgroups

Unfavorable subsets
Prognostic considerations

-Adenocarcinoma (f), axillary lymph nodes General population: PS, liver metastases, 
-Adenocarcinoma (f), peritoneal carcinomatosis LDH and albuminemia 
-Poorly differentiated carcinoma/adenocarcinoma

PDC and PDA patients: PS and ALP<50 years, midline, peripheral lymph nodes
Rapid tumor progression, PS 0
-adenocarcinoma (m), osteoblastic metastasis
-single, small, potentially resectable tumor
-squamous cell carcinoma, cervical (head and neck)

*Complete Medical History: personal and family history, smoking history…
*Physical Examination:  skin, breast, thyroid, rectal and pelvic exam…
*Basic Laboratory Workup and/or Specific: blood counts, liver functions, HCG (m<50 years), 
PSA (m>50 years), chest radiography, CT of abdomen, mammography (f) 

Pathological examination 
*Immunohistochemical analysis (karyotyping, biological molecular examination) 
*Specific pathological diagnosis
-Non-Hodgkin’s lymphoma
-Extragonadal germ cell tumor 
-Prostate carcinoma
-Breast carcinoma
-Neuroendocrine tumor…

Specific workup depending on histopathologic and anatomic localization
*Imaging studies: CT, MRI, PET scans
*Serum tumor markers
*Invasive procedures

F IGURE 13 Steps in the diagnosis of patients with carcinoma of unknown primary origin. Abbreviations: HCG, human chorionic gonadotrophin;
PSA, prostate-specific antigen; m, male; f, female; PS, performance status; LDH, lactate dehydrogenase level; PDC, poorly differentiated carcinoma;
PDA, poorly differentiated adenocarcinoma; ALP, alkaline phosphatase. Source: From Refs. 17, 36, 37, 166–168.
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a perianal mass may suggest the presence of a carcinoma at
that site in a patient who presents with inguinal lympha-
denopathy or isolated hepatic metastases.

The most important step in the diagnostic sequence is
biopsy of the most accessible lesion for pathological
examination. Therefore, noninvasive tests intended to
search for the primary tumor are comparatively unhelpful
and often cause significant delay in diagnosis and treat-
ment (171). Pathological evaluation is important, to make
certain that the patient in question does have a malig-
nancy; 5% of cases referred to CUP clinics do not.
Pathological examination, including immunohistochemis-
try, electron microscopy, and, in selected cases, cytoge-
netic and molecular–biological studies, are essential to
exclude noncarcinomatous tumors such as lymphomas,
melanomas, or sarcomas. It is also capable of positively
identifying metastatic prostatic, breast, germ cell, and
neuroendocrine tumors. Therefore, the pathologist may
guide further clinical assessment to localize a primary
neoplasm (17).

The third step is a diagnostic evaluation for possible
identification of the primary tumor site and staging. The
role of diagnostic radiology, including PET scanning, and
the diagnostic value of serum tumor markers are discussed
in other specific chapters in this book. Similarly, invasive
procedures used for similar purposes are discussed in
another chapter. Their use should be tailored to the
particular clinical presentation of each patient. Physicians
must use their discretion in submitting a patient to many
procedures, especially if results would not change the
overall treatment plan. This is particularly true for
individuals with poor functional status.

At this point, the clinician can identify favorable and
treatable CUP subsets. These include women with isolated
axillary lymphadenopathy and adenocarcinoma (treated
as AJCC stage II or III breast carcinoma), women with
isolated peritoneal carcinomatosis (treated as metastatic
ovarian carcinoma), young men with suspected EGCT
syndrome, men with isolated blastic bone metastases
(usually treated as metastatic prostate carcinoma), pa-
tients with a single potentially resectable tumor mass, and
others with high cervical lymphadenopathy and SCC, for
whom lymph node dissection and radiotherapy can result
in long-term survival.

Patients not belonging to these subsets should be
stratified according to known prognostic factors. Two
prognostic models have been developed and validated in
the general population of CUP patients. These respectively
include one clinical variable (PS and liver metastases) and
one biological variable (elevated serum LDH and low
serum albumin) and can help the oncologist choose
optimal treatment. In patients with PDC and PDA, the
PS and serum alkaline phosphatase levels are additional
prognostic factors.

In the future, we can expect that studies on the basic
biology of carcinomas will allow us to better understand
the clinical heterogeneity of CUPs and improve our ability
to determine their prognoses. With recent techniques such
as microarray technology (see Chapter 7), more accurate
diagnostic and prognostic profiles are already being
identified, which allows for better patient selection before
deciding on a mode of treatment.
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n INTRODUCTION

Paraneoplastic syndromes are defined as remote effects of
cancer that are not caused by invasion of the tumor or its
metastases, nor by infection, ischemia, metabolic and nutri-
tional deficits, surgery, or other forms of tumor treatment
(1, 2). Paraneoplastic syndromes can present with a plethora
of symptoms affecting many organ systems (Table 1).

The incidence of paraneoplastic syndromes varies
widely both by the type of syndrome and by the underlying
cancer. Cachexia, anorexia, andweight loss are for instance
extremely common in advanced cancer patients. On the
other hand, most of the antibody-associated paraneoplastic
neurological syndromes (PNSs) are very rare, with an
incidence of well below 1% of cancer patients (2).

Several mechanisms may be involved in the patho-
genesis of paraneoplastic syndromes, including factors
secreted by the tumors and other immunological mecha-
nisms (Table 2). Most systemic, endocrine and metabolic,
and cutaneous paraneoplastic syndromes are caused by
tumor-secreted substances. Examples include the secretion

of parathyroid hormone–related peptide by the tumor,
resulting in hypercalcemia or the secretion of ACTH,
resulting in Cushing’s syndrome. Immunological factors
on the other hand appear to be important in the patho-
genesis of most PNSs and some cutaneous syndromes such
as paraneoplastic pemphigus.

The precise pathogenesis of many paraneoplastic dis-
orders is not yet known. Some disorders, once thought to be
paraneoplastic, are not; e.g., progressive multifocal leukoen-
cephalopathy, once considered paraneoplastic, has proven to
be an opportunistic infection caused by a papovavirus.

The diagnosis of paraneoplastic syndromes is straight-
forward when they develop in a patient known to have
cancer, once metastatic complications have been ruled
out. However, the majority of paraneoplastic syndromes
occur in patients not yet diagnosed with cancer. In this
situation, detection of paraneoplastic autoantibodies can
help direct the search toward an underlying tumor. In a
patient with carcinoma of unknown origin, the type of
antibody can also give a clue to the most likely site of the
primary tumor.

When the paraneoplastic syndrome is caused by factors
secreted by the tumor, symptoms often respond favorably
to treatment of the underlying tumor. However, in
immune-mediated paraneoplastic syndromes, the response
to antitumor treatment and/or immunosuppressive or
immunomodulatory treatment is usually less satisfying.

n NEUROLOGICAL PARANEOPLASTIC
SYNDROMES

In the pathogenesis of PNSs, immunologic factors are
believed to be important because antibodies and T-cell
responses against nervous system antigens have been
defined for many of these disorders (1). Hypothetically,
the immunologic response is elicited by the ectopic



expression of neuronal antigens by the tumor. Expression
of these “onconeural” antigens is limited to the tumor and
the nervous system and sometimes also the testis. At the

time of presentation of the neurological symptoms, most
patients have not yet been diagnosed with cancer (3–6).
Detection of paraneoplastic antibodies can help diagnose

n Table 1 Paraneoplastic syndromes associated with carcinomas
Neurological
Central nervous system
Encephalomyelitisb

Limbic encephalitisb

Brainstem encephalitis

Subacute cerebellar degenerationb

Opsoclonus–myoclonus

Stiff-person syndrome

Paraneoplastic visual syndromes

Cancer-associated retinopathy

Melanoma-associated retinopathy

Paraneoplastic optic neuropathy

Motor neuron syndromes

Subacute motor neuronopathy

Other motor neuron syndromes

Peripheral nervous system
Subacute sensory neuronopathyb

Acute sensorimotor neuropathy

Chronic sensorimotor neuropathya

Association with M-proteins

Subacute autonomic neuropathy

Paraneoplastic peripheral nerve vasculitis

Neuromuscular junction and muscle
Lambert-Eaton myasthenic syndromea,b

Myasthenia gravis

Neuromyotonia

Dermatomyositisb

Acute necrotizing myopathy

Cachectic myopathya

Hematologic
Anemiaa

Dysproteinemia (amyloidosis)

Eosinophilia

Hypercoagulability

Leukocytosis/leukoerythroblastic reaction

Polycythemia

Thrombocytopenic purpura

Renal
Glomerulopathies

Tubulointerstitial disorders

Systemic
Cachexia, anorexia, weight lossa

Fever

Nonbacterial thrombotic endocarditis

Orthostatic hypotension

Endocrine/metabolic
Acromegaly

Carcinoid syndrome

Cushing’s syndrome

Galactorrhea

Gynecomastia

Hyperamylasemia

Hypercacitonemia

Hypercalcemiaa

Hyperglycemia

Endocrine/metabolic (continued)
Hypertension

Hyperthyroidism

Hypoglycemia

Hyponatremiaa

Hypophosphatemia

Hypouricemia

Lactic acidosis

Cutaneous
Acanthosis nigrans

Acquired hypertrichosis lanuginose

Acquired ichthyosis

Acquired palmoplantar keratoderma

Acrokeratosis (Bazex’s syndrome)

Clubbinga

Dermatomyositis

Erythema annulare centrifugum

Erythema gyratum repens

Exfoliative dermatitis

Florid cutaneous papillomatosis

Hypertrophic pulmonary osteoarthropathy

Pemphigus vulgaris

Pityriasis rotunda

Pruritus

Sign of Leser-Tr�elat
Superficial thrombophlebitisa

Sweet’s syndrome

Tripe palms

Vasculitis

aIndicates more common paraneoplastic syndromes.
bClassical paraneoplastic neurological syndromes.

n Table 2 Pathogenetic mechanisms in paraneoplastic syndromes

Mechanism Example of Paraneoplastic Syndrome

Toxic substance released by tumor ACTH release by SCLC causes Cushing’s syndrome

Cytokine release by tumor or immune system (TNF-a, IL-1, IL-6, IFN-g) causes cachectic myopathy

Competition for substrate Carcinoid tumors compete for tryptophan, causing pellagra

Sarcomas competing for glucose cause hypoglycemia

Autoimmune process Lambert-Eaton myasthenic syndrome caused by autoantibodies against VGCC

Paraneoplastic pemphigus caused by autoantibodies against desmoglein

Abbreviations: ACTH, adrenocorticotropic hormone; SCLC, small cell lung cancer; VGCC, voltage-gated calcium channels.
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the neurological syndrome as paraneoplastic and may
direct the search for an underlying neoplasm. In patients
known to have cancer, the presentation of a PNS may
presage the recurrence of the tumor or a second tumor. In
these patients, however, metastatic complications of the
known cancer must first be ruled out. Despite the presumed
autoimmune etiology of PNS, the results of various forms of
immunotherapy have been disappointing, with some
exceptions (3–6). Rapid detection and immediate treatment
of the underlying tumor appears to offer the best chance of
stabilizing the patient and preventing further neurological
deterioration (3–6).

Pathogenesis

The discovery of paraneoplastic antineuronal autoanti-
bodies resulted in the general belief that PNSs are immune-
mediated disorders triggered by aberrant expression of
“onconeural” antigens in the tumor. Support for this
hypothesis comes from the fact that the target paraneo-
plastic antigens are expressed both in the tumor and in the
affected parts of the nervous system. Furthermore, the
tumors are usually small and heavily infiltrated with
inflammatory cells, and spontaneous remissions at the
time of neurological presentation have also been described
(7, 8). These findings suggest that some PNSs without
identifiable tumor may result from immune-mediated
eradication of the tumor (7, 8). In keeping with this
hypothesis, one study found more limited disease distribu-
tion and better oncologic outcome in small cell lung cancer
(SCLC) patients with paraneoplastic autoantibodies (9).

Although the paraneoplastic antibodies are synthe-
sized intrathecally (10–12), a pathogenic role could only be
proven for those paraneoplastic autoantibodies that are
directed against easily accessible antigens located at the cell
surface. Examples of such antigens are the acetylcholine
receptor (anti-AChR muscle type in myasthenia gravis and
neuronal ganglionic type in autonomic neuropathy), P/Q
type voltage-gated calcium channels [VGCC in Lambert-
Eaton myasthenic syndrome (LEMS)], voltage-gated po-
tassium channels (anti-VGPC in neuromyotonia), and the
metabotropic glutamate receptor mGluR1 (anti-mGluR1
in paraneoplastic cerebellar degeneration) (1, 13). Most
paraneoplastic antigens are located in the cytoplasm (e.g.,
the Yo antigen) or nucleus (e.g., the Hu and Ri antigens)
and a pathogenic role for the respective antibodies could
not be demonstrated (14). In these disorders, indirect lines
of evidence support the view that the cellular immune
response against these antigens is responsible for the
neurological damage (15–17). The relative contribution
of the cellular and humoral immunity to the clinical and
pathological manifestations has not been resolved (15–18).
The paraneoplastic antibodies may, in these cases, be
surrogate markers for T-lymphocyte activation (19).

Incidence and Diagnosis

The incidence of PNS varieswith the neurological syndrome
and with the tumor. In solid tumors, the more common
neurological syndromes are myasthenia gravis, which
occurs in 15% of patients with a thymoma, and LEMS,
which affects 3% of patients with SCLC. For other solid
tumors, the incidence of PNS is less than 1%.

Neurological syndromes are never pathognomonic for
a paraneoplastic etiology and a high index of clinical
suspicion is important. Some syndromes such as limbic
encephalitis and sub-acute cerebellar degeneration asso-
ciate relatively often with cancer. These are called
“classical” paraneoplastic syndromes and are presented
in Table 1 (20). Other syndromes such as sensorimotor
polyneuropathy are much more prevalent, and the
association with cancer may be by chance. Detection of
a “well-characterized” paraneoplastic antibody is ex-
tremely helpful because it proves the paraneoplastic
etiology of the neurological syndrome. The paraneoplastic
antibodies are generally divided into three categories
(Table 3) (20). The well-characterized antibodies are
reactive with molecularly defined onconeural antigens
(Fig. 1). These antibodies are strongly associated with
cancer and have been detected unambiguously by several
laboratories in a reasonable number of patients with well-
defined neurological syndromes (20). The partially char-
acterized antibodies are those with an unidentified target
antigen and those that have been either described by a
single group of investigators or reported in only a few
patients. The third group consists of antibodies that are
associated with specific disorders but do not differentiate
between paraneoplastic and nonparaneoplastic cases.

Diagnosing a neurological syndrome as paraneo-
plastic requires the exclusion of other possible causes by
a reasonably complete workup. Because of the difficulties
in diagnosis, an international panel of neurologists has
established diagnostic criteria that divide patients with a
suspected paraneoplastic syndrome into “definite” and
“probable” categories. These criteria are based on the
presence or absence of cancer, the presence of “well-
characterized” antibodies, and the type of clinical
syndrome (Table 4) (20). Unfortunately, almost 50% of
patients with a definite PNS do not have any of the “well-
characterized” paraneoplastic antibodies (20). In these
patients, early diagnosis of the tumor is often difficult,
resulting in delay of tumor treatment.

Once a paraneoplastic diagnosis has been established
or is suspected, rapid identification of the tumor becomes
essential but may be difficult because most paraneoplastic
syndromes develop in the early stages of cancer. The
workup generally starts with a detailed history including
smoking habits, weight loss, night sweats, and fever.
A thorough physical examination should include palpation
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n Table 3 Antibodies, paraneoplastic neurological syndromes, and associated tumors

Antibody Clinical Syndromes Associated Tumors

Well-characterized paraneoplastic antibodies

Anti-Hu (ANNA-1) Encephalomyelitis, limbic encephalitis, sensory neuronopathy,

subacute cerebellar degeneration, autonomic neuropathy

SCLC, neuroblastoma,

prostate

Anti-Yo (PCA-1) Subacute cerebellar degeneration Ovary, breast

Anti-CV2 (CRMP5) Encephalomyelitis, chorea, limbic encephalitis, sensory

neuronopathy, sensorimotor neuropathy, optic neuritis, subacute

cerebellar degeneration, autonomic neuropathy

SCLC, thymoma

Anti-Ri (ANNA-2) Opsoclonus–myoclonus, brainstem encephalitis Breast, SCLC

Anti-Ma2 (Ta)a Limbic/diencephalic/brainstem encephalitis, subacute cerebellar

degeneration

Testicle, lung

Anti-amphiphysin Stiff-person syndrome, encephalomyelitis, subacute sensory

neuronopathy, sensorimotor neuropathy

Breast, SCLC

Anti-recoverin Cancer associated retinopathy SCLC

Partially characterized antibodies

Anti-Tr (PCA-Tr) Subacute cerebellar degeneration Hodgkin’s disease

Anti-NMDAR Limbic encephalitis Teratoma

ANNA-3 Encephalomyelitis, subacute sensory neuronopathy SCLC

PCA-2 Encephalomyelitis, subacute cerebellar degeneration SCLC

Anti-Zic4 Subacute cerebellar degeneration SCLC

Anti-mGluR1 Subacute cerebellar degeneration Hodgkin’s disease

Antibodies that occur with and without cancer

Anti-VGCC Lambert-Eaton myasthenic syndrome, subacute cerebellar

degeneration

SCLC

Anti-AchR Myasthenia gravis Thymoma

Anti-nAChR Subacute autonomic neuropathy SCLC

Anti-VGKC Limbic encephalitis, neuromyotonia Thymoma, SCLC

aPatients with brainstem encephalitis or subacute cerebellar degeneration usually associate with tumors other than testicular cancer and their sera also

react with Ma1 protein.

Abbreviations: ANNA, antineuronal nuclear antibody; SCLC, small cell lung carcinoma;VGCC, voltage-gated calciumchannels; PCA, Purkinje cytoplasmic

antibody; mGluR1, metabotropic glutamate receptor type 1; nAChR, nicotinic acetylcholine receptor; VGKC, voltage-gated potassium channel.
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for pathological lymph nodes, rectal and pelvic examina-
tion, and palpation of breasts and testis. Often, the tumor
is detected by high-resolution computed tomography (CT)
of chest, abdomen, and pelvis. If the CT scan remains
negative, whole body fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) or PET/CT is recommended
to detect an occult tumor or its metastases (21–23). In
addition, the type of antibody and paraneoplastic syn-
drome may suggest a specific underlying tumor and
indicate further diagnostic tests such as mammography
(may be replaced by MRI) or ultrasound of the testes or
pelvis (Table 3). When all tests remain negative, repeat
evaluation at three- to six-month intervals for two to three
years is recommended.

Treatment and Prognosis

Despite the immunological etiology of most of the PNSs,
the results of immunotherapy have been disappointing
(24). Exceptions are the neurological syndromes associ-
ated with paraneoplastic antibodies that are directed
against antigens that are located at the surface of the cell
(i.e., antigens that are accessible to circulating antibodies).
These include not only disorders of the peripheral nervous
system (LEMS, myasthenia gravis, and neuromyotonia)
but also anti-mGluR1–associated paraneoplastic cerebel-
lar degeneration and antiamphiphysin-associated stiff-
person syndrome (13, 25). Immunotherapy modalities
that are recommended for these disorders include plasma

F IGURE 1 Ma2-encephalitis. A 41-year-old man
presented with severe limbic encephalitis. Biopsy from
a para-aortal mass showed undifferentiated carcino-
ma. (A) MRI of the brain showed on FLAIR images
hyperintense abnormalities in the medial temporal
lobes and around the third ventricle. The patient had
high titer anti-Ma2 antibodies reactive with cytoplas-
mic and nuclear antigens in rat cortex (C) and purified
recombinant Ma2 protein (D). He subsequently tested
positive for AFP and b-HCG serum markers and was
treated for presumed testicular cancer. During chemo-
therapy, the limbic encephalitis improved clinically
and radiologically (B).
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exchange, immunoadsorption (extraction of patient IgG
over a protein A column), steroids, and intravenous
immunoglobulins (IVIG).

For most PNSs, where the antigen is cytoplasmic or
nuclear, the nervous dysfunction is probably not caused by
functional interference of antibodies with the target
antigen. In disorders with intracellular target antigens
and a strong cellular immune reaction, plasma exchange
and immunoadsorption are not expected to give much
benefit. In these cases, a trial of a treatment that
modulates the activation and function of effector T cells
makes more sense, but to date there is only limited
evidence that steroids, cyclophosphamide, IVIG, or other
immunosuppressive therapies are effective (26).

Hence, the first goal of treatment for paraneoplastic
neurological disorders is control of the tumor. In addition,
antitumor therapy has been demonstrated to stop the
paraneoplastic neurological deterioration and leave the
patients, on average, in a better condition (4, 5, 27). In
severely debilitated patients, e.g., the elderly and bed-
ridden, treatment of an underlying tumor is often withheld
because of the very small chance of clinically relevant
neurological improvement.

n CLINICAL DESCRIPTION

PNS may affect any level of the nervous system (central or
peripheral nervous system including neuromuscular junc-
tion and muscle). Most PNSs are rapidly progressive, often
leaving the patient severely debilitated within weeks or
months (3–5, 27). However, slow progression, relapses, or
a benign course does not exclude the diagnosis. This
section describes the classical PNSs.

Encephalomyelitis

Paraneoplastic encephalomyelitis is characterized by
involvement of several areas of the nervous system,
including the temporal lobes and limbic system (limbic
encephalitis), brainstem (brainstem encephalitis), cerebel-
lum (subacute cerebellar degeneration), spinal cord
(myelitis), dorsal root ganglia (subacute sensory neuron-
opathy), and autonomous nervous system (autonomic
neuropathy) (28, 29). Patients with predominant involve-
ment of one area but clinical evidence of only mild
involvement of other areas are usually classified according
to the predominant clinical syndrome. Symptoms of

n Table 4 Diagnostic criteria for paraneoplastic neurological syndromes

Definite paraneoplastic neurological syndrome

1. A classical syndrome (i.e., encephalomyelitis, limbic encephalitis, subacute cerebellar

degeneration, opsoclonus–myoclonus, subacute sensory neuronopathy, chronic gastro-

intestinal pseudo-obstruction, LEMS, or dermatomyositis) and cancer that develops within

5 years of the diagnosis of the neurological disorder, regardless of the presence of

paraneoplastic antibodies

2. A nonclassical syndrome that objectively improves or resolves after cancer treatment,

provided that the syndrome is not susceptible to spontaneous remission

3. A nonclassical syndrome with paraneoplastic antibodies (well-characterized or not) and

cancer that develops within 5 years of the diagnosis of the neurological disorder

4. A neurological syndrome (classical or not) with well-characterized paraneoplastic

antibodies (i.e., anti-Hu, Yo, Ri, amphiphysin, CV2 or Ma2)

Possible paraneoplastic neurological syndrome

1. A classical syndrome without paraneoplastic antibodies and no cancer, but at high risk of

having an underlying tumor (e.g., smoking habit)

2. A neurological syndrome (classical or not) without cancer but with partially characterized

paraneoplastic antibodies

3. A nonclassical neurological syndrome, no paraneoplastic antibodies, and cancer that

presents within 2 years of the neurological syndrome

Source: From Ref. 20.
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limbic encephalitis, subacute cerebellar degeneration,
subacute sensory neuronopathy, and autonomic neuro-
pathy are described below. Symptoms of brainstem
encephalitis can include diplopia, dysarthria, dysphagia,
gaze abnormalities (nuclear, internuclear or supranuclear),
facial numbness, and subacute hearing loss.

Underlying Tumor

Although virtually all cancer types have been associated
with paraneoplastic encephalomyelitis, approximately 75%
of patients have an underlying SCLC (3, 4, 28–30). More
than 70% of the patients are not known to have cancer
when the neurological symptoms present, and the SCLC
may be difficult to demonstrate due to its small size. When
anti-Hu antibodies are detected orwhen the patient is at risk
for lung cancer (smoking, age >50 years) a careful and
repeated search for an underlying SCLC iswarranted.When
CT scan is negative, a total body FGD-PET scan or FDG-
PET/CT may detect the neoplasm (21, 22).

Diagnostic Evaluation

MRI or CT of the brain is normal or shows nonspecific
changes in most paraneoplastic encephalomyelitis pa-
tients, with two exceptions (29). In 65% to 80% of
patients with predominant limbic encephalitis, MRI and
CT scans show temporal lobe abnormalities (31, 32), and
in patients with a predominant cerebellar syndrome,
MRI and CT will ultimately show cerebellar atrophy.
Cerebrospinal fluid (CSF) is abnormal in most patients
with elevated protein, mild mononuclear pleocytosis,
elevated IgG index, or oligoclonal bands (29).

Antineuronal Antibodies

Patients with paraneoplastic encephalomyelitis and SCLC
often have anti-Hu antibodies (also called antineuronal
nuclear autoantibodies or ANNA-1) in their serum andCSF
(3, 4, 29, 30). Other less-frequent antibodies are anti-
CRMP5/CV2 (19), antiamphiphysin (33), and the less well-
characterized ANNA-3 (34) and PCA-2 antibody (35).

Treatment and Prognosis

Tumor treatment offers the best chance of stabilizing the
patient’s neurological condition while immunotherapy
does not appear to modify the outcome of paraneoplastic
encephalomyelitis (3, 4, 24). Because of incidental reports
of neurological improvement following various forms of
immunosuppressive treatment, a trial of one or two
immunosuppressive modalities may be warranted in a
single patient. Because of the limited efficacy of plasma
exchange, IVIG, and corticosteroids (3, 4, 24) and the
presumed role of cellular immunity, more aggressive
immunosuppression with cyclophosphamide, tacrolimus,

or cyclosporine may be considered. To limit toxicity, these
more aggressive immunosuppressive approaches should
probably be reserved for patients who are not receiving
chemotherapy. The overall functional outcome is bad, and
more than 50% of patients are confined to bed or chair in
the chronic phase of the disease (3, 4, 24).

Limbic Encephalitis

Limbic encephalitis is characterized by the subacute onset
(in days to a few months) of short-term memory loss,
seizures, confusion, and psychiatric symptoms, suggesting
involvement of the limbic system (28, 36). Hypothalamic
dysfunction may occur with somnolence, hyperthermia,
and endocrine abnormalities. Approximately two-thirds
of patients with paraneoplastic limbic encephalitis develop
involvement of other areas of the nervous system during
the course of the disease (i.e., encephalomyelitis). Several
specific antibody-related clinical syndromes have been
identified (32, 37–39).

Underlying Tumor

More than half of the patients presenting with limbic
encephalitis will have an underlying neoplasm (32). The
associated tumor is a lung tumor in 50% to 60% of the
patients, usually SCLC (40–55%) and testicular germ-cell
tumors in 20% (31, 32, 40). Other tumors include breast
cancer, thymoma,Hodgkin’s disease, and teratomas (31, 32).

Diagnostic Evaluation

The diagnosis is often difficult, especially when the patient
presents with psychiatric symptoms, because there are no
specific clinical markers and symptoms usually precede
the diagnosis of cancer (32, 41). An MRI scan may show
increased signal on T2-weighted and fluid attenuated
inversion recovery (FLAIR) images of one or both medial
temporal lobes, hypothalamus, and brainstem in 65% to
80% of the patients (31, 32). Early in the course of the
disease, the MRI may be normal, and repeat imaging may
be indicated. Coregistration of FDG-PET may further
improve the sensitivity of imaging (42). CSF examination
is abnormal in 80% of the patients, showing transient
mild lymphocytic pleocytosis with increased protein, IgG,
or oligoclonal bands (31, 32).

Antineuronal Antibodies

Several antibody-related clinical syndromes have been
identified that vary with the associated tumors. The first
group consists of patients with anti-Hu antibodies and lung
cancer (usually SCLC). Patients may also have antiamphi-
physin (SCLC) or anti-CV2/CRMP5 (SCLC or thymoma)
antibodies (19). Limbic encephalitis is part of paraneoplastic
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encephalomyelitis, and patients have involvement of other
areas outside the limbic system and brainstem. These patients
are older (median age 62 years), usually smoke, and aremore
often female (32, 40).

The second group consists of youngmaleswith testicular
cancer and anti-Ma2antibodies (Fig. 1) (43).Themedianage
is 34 years, and symptoms are usually confined to the limbic
system, hypothalamus, and brainstem. Patients with anti-
Ma2 and anti-Ma1 antibodies are significantly older and are
more often female (44). Anti-Ma1 patients are more likely to
develop cerebellar dysfunction and usually harbor tumors
other than testicular cancer.

The third group consists of young womenwith ovarian
teratomas who harbor antibodies reactive to theN-methyl-
D-aspartate (NMDA) receptor (37–39). The patients
develop subacute psychiatric symptoms, seizures, and
hypopnea, requiring mechanical ventilation. Patients may
also develop choreic or dystonic movements. The CSF
invariably shows signs of inflammation including lympho-
cytosis, and increased protein and oligoclonal banding.
The anti-NMDA receptor antibodies are sometimes only
detectable in CSF (and not in serum).

The fourth group has antibodies reactive to voltage-
gated potassium channels (anti-VGKC) that can be
associated either with paraneoplastic limbic encephal-
itis and thymoma or with nonparaneoplastic limbic
encephalitis (45, 46). Most patients present with or
develop seizures that may progress into nonconvulsive
status epilepticus. Patients may have concomitant
autonomic or peripheral nerve dysfunction (neuromyo-
tonia) and rapid eye movement sleep behavior abnor-
malities. Hyponatremia is frequent while the CSF is
usually acellular.

The last group has no antineuronal antibodies
(approximately 20–40% of patients with paraneoplastic
limbic encephalitis) (31, 32). In these patients, the
symptoms are more often confined to the limbic system,
the median age is around 57 years, and the associated
tumor is often located in the lung (32, 40).

Treatment and Prognosis

Spontaneous complete recovery has been described,
although very rarely (40, 47). Immunotherapy is largely
ineffective in patients with antibodies reactive to intra-
cellular antigens (anti-Hu, Ma2, amphiphysin, or CV2/
CRMP5) (32), but multiple cases benefiting from anti-
tumor treatment have been reported (32, 40, 48).
Therefore, all efforts should be directed at identifying
and treating the underlying tumor. If no tumor is found,
the search should be repeated every three to six months
for a total of two to three years. Irrespective of treatment,
partial neurological recovery was seen in 38% of anti-Hu
patients, 30% of anti-Ta (Ma2) patients, and 64% of
patients without antibodies (32).

In contrast, patients with antibodies reactive to easily
accessible cell-surface antigens often respond dramatically
to immunotherapy and antitumor treatment. Ovarian
teratoma patients often clinically improve following resec-
tion of the tumor and/or treatment with corticosteroids,
IVIG, or plasma exchange (38). In patients with anti-
VGKC–associated limbic encephalitis, treatment with
corticosteroids, IVIG, or plasma exchange results in
significant improvement in 70% to 80% of the cases (45).

Cerebellar Degeneration

Paraneoplastic cerebellar degeneration is one of the most
common and characteristic paraneoplastic syndromes
(5, 28). In a study of 137 consecutive patients with
antibody-associated paraneoplastic syndromes, 50 (37%)
patients presentedwith subacute cerebellar degeneration (5).
Paraneoplastic cerebellar degeneration usually starts acutely
with nausea, vomiting, dizziness, and slight incoordination
of walking, evolving rapidly over weeks to a few months
with progressive ataxia of gait, limbs and trunk, dysarthria,
and often nystagmus associatedwith oscillopsia. The disease
reaches its peak within months and then stabilizes. By this
time, most patients are severely debilitated. They are
generally unable to walk or sit without support, writing is
often impossible, and feeding themselves is quite difficult.

The symptoms and signs are limited to the cerebellum
and cerebellar pathways, but other mild neurological
abnormalities may be found on careful examination.
These include hearing loss, dysphagia, pyramidal and
extrapyramidal tract signs, mental status change, and
peripheral neuropathy (6, 49, 50).

Underlying Tumor

Paraneoplastic cerebellar degeneration can be associated
with any cancer, but the most common tumors are lung
cancer (usually SCLC), ovarian cancer, and lymphomas
(particularly Hodgkin’s lymphoma). In 60% to 70% of
the patients, the neurological symptoms precede the
diagnosis of the cancer by a few months to two to three
years and lead to its detection (5, 6, 51).

Diagnostic Evaluation

Subacute cerebellar degeneration is a rare disorder in cancer
patients. On the other hand, 50% of patients presenting
with acute or subacute nonfamilial ataxia are estimated to
have an underlying malignancy (28). MRI and CT scans are
initially normal but often reveal cerebellar atrophy later in
the course of the disease. FDG-PET scan and SPECT may
show cerebellar hypermetabolism and increased perfusion
during the acute stage of the illness (52). CSF examination
shows mild lymphocytic pleocytosis, with elevation of
protein and IgG levels in the first weeks to months.

34 P A R T I � Clinical Findings



Oligoclonal bands may be present. The diagnosis of
paraneoplastic cerebellar degeneration is established by
demonstration of specific antineuronal antibodies.

Antineuronal Antibodies

Paraneoplastic cerebellar degeneration can be associated
with various antineuronal autoantibodies (Table 3).
Anti-Yo (also called anti-Purkinje cell antibody type 1 or
PCA-1), anti-Tr (PCA-Tr), and anti-mGluR1 are associated
with relatively “pure” cerebellar syndromes. Anti-Yo anti-
bodies are associated with breast cancer and tumors of the
ovaries, endometrium, and fallopian tubes (5, 6, 53). These
antibodies are directed against the calcium-dependent
regulator (cdr) proteins that are expressed by Purkinje cells
and the associated tumors (53, 54). Cdr-2–specific cytotoxic
T cells have been identified in the serum from patients with
paraneoplastic cerebellar degeneration, suggesting a patho-
genic role for the cellular immune response in this paraneo-
plastic syndrome (16). Anti-Tr (PCA-Tr) antibodies are
directed against an unidentified cytoplasmic Purkinje cell
antigen and appear to be specific forHodgkin’s disease (51).
Anti-mGluR1 antibodies have been found in two
patients with paraneoplastic cerebellar degeneration and
Hodgkin’s disease. Passive transfer of patient anti-mGluR1
IgG into CSF of mice induced severe, transient ataxia (13).

Approximately 50% of patients with cerebellar degen-
eration and an underlying SCLC have high titer anti-Hu
antibodies (55). The remaining patients are likely to have
anti P/Q-type VGCC antibodies. These antibodies were
present in all patients who had LEMS and in some patients
with cerebellar degeneration without LEMS. In patients
with antiamphiphysin or anti-CV2/CRMP5 antibodies, the
cerebellar degeneration is often part of the paraneoplastic
encephalomyelitis syndrome, and more widespread neuro-
logical symptoms and signs are usually found.

The more recently discovered Purkinje cell antibody
(PCA-2) and the ANNA-3 antibody are associated with
lung cancer and a variety of neurological syndromes
including cerebellar degeneration (35). The anti-Zic4
antibodies are strongly associated with SCLC, and most
patients have paraneoplastic encephalomyelitis often
presenting with cerebellar dysfunction (56). These patients
often have concurrent anti-Hu or anti-CV2/CRMP5
antibodies. Patients with isolated anti-Zic4 antibodies
are more likely to develop cerebellar symptoms.

Treatment and Prognosis

The outcome of paraneoplastic cerebellar degeneration is
generally poor and the best chance to at least stabilize the
syndrome is to treat the underlying tumor (5). Incidental
improvement has been reported either spontaneously or in
association with plasma exchange, steroids, IVIG, or
rituximab (57). In patients with anti-Yo–associated

cerebellar degeneration, the prognosis is better for patients
with breast cancer than for those with gynecologic cancer
(6). The prognosis is better in patients with paraneoplastic
cerebellar degeneration associated with Hodgkin’s disease
and anti-Tr (PCA-Tr) or anti-mGluR1 antibodies. With
successful treatment of the tumor and/or immunotherapy,
symptomsmay disappear and the antibodies vanish (13, 51).

Opsoclonus–Myoclonus

Opsoclonus is a disorder of ocular motility that consists of
involuntary, arrhythmic, high-amplitude conjugate sac-
cades in all directions. Opsoclonus may occur intermit-
tently or, if more severe, constantly, and it does not remit
in the darkness or when the eyes are closed. Opsoclonus is
often associated with diffuse or focal myoclonus, the
“dancing eyes and dancing feet syndrome,” and other
cerebellar and brainstem signs (58–60). An excessive startle
response reminiscent of hyperexplexia may also occur in
opsoclonus–myoclonus (61). In contrast to most para-
neoplastic syndromes, the course of opsoclonus–myoclo-
nus may be remitting and relapsing (60).

Underlying Tumor

Approximately 20% of adult patients with opsoclonus–
myoclonus have a previously undiscovered malignancy
(59). The most commonly associated neoplasms are SCLC
and breast and gynecologic cancers (61, 62).

Almost 50% of children with opsoclonus–myoclonus
have an underlying neuroblastoma. Conversely, approx-
imately 2% to 3% of children with neuroblastoma have
paraneoplastic opsoclonus–myoclonus (63, 64). Tumors
in children with paraneoplastic opsoclonus–myoclonus
apparently have a better prognosis than tumors in patients
without this paraneoplastic syndrome.

Diagnostic evaluation

MRI is usually normal but may show hyperintensities in the
brainstem on T2-weighted images (65). Examination of the
CSF may show mild pleocytosis and protein elevation.
Adult patients with paraneoplastic opsoclonus–myoclonus
are older (median age 66 years) than patients with the
idiopathic syndrome (median age 40 years). In adult
patients, the tumor search should be directed at the most
common underlying tumors, i.e., high-resolution CT of the
chest and abdomen and gynecological examination and
mammography (or MRI of the breasts) (62). When this is
negative, FDG-PET should be considered (23, 66).

In children, nonparaneoplastic opsoclonus–myoclo-
nus occurs as a self-limited illness and is probably the
result of a viral infection of the brainstem. The search for
an occult neuroblastoma should include imaging of chest
and abdomen (CT scan or MRI), urine catecholamine
measurements, and metaiodobenzylguanidine scan (67).
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Antineuronal Antibodies

Specific antibodies are found in only a minority of
patients with paraneoplastic opsoclonus–myoclonus (62).
In women, anti-Ri antibodies (or antineuronal nuclear
autoantibody type 2, ANNA-2) are mostly associated
with breast and gynecologic tumors. Anti-Ri has occa-
sionally been found in bladder cancer and SCLC and
may then occur in male patients (58, 68). Paraneoplastic
opsoclonus–myoclonus can also be associated with anti-
Hu antibodies, usually as part of a more widespread
paraneoplastic encephalomyelitis.

In children presenting with opsoclonus–myoclonus,
the detection of anti-Hu antibodies is diagnostic of
an underlying neuroblastoma (69). The frequency of
anti-Hu antibodies in neuroblastoma with paraneoplastic
opsoclonus–myoclonus is approximately 10% (69–71).
This finding differs little from the 4% to 15% of anti-Hu
positive sera in children with neuroblastoma who do not
have opsoclonus–myoclonus (69, 70).

Treatment and Prognosis

In contrast to most of the other paraneoplastic syndromes,
paraneoplastic opsoclonus–myoclonus may remit either
spontaneously, following treatment of the tumor, or in
association with clonazepam or thiamine treatment. Most
patients with idiopathic opsoclonus–myoclonus make a
good recovery that seems to be accelerated by steroids or
IVIG. Paraneoplastic opsoclonus–myoclonus usually has a
more severe clinical course, and treatment with steroids or
IVIG appears ineffective. In a series of 14 patients with
paraneoplastic opsoclonus–myoclonus, eight patients
whose tumors were treated showed complete or partial
neurological recovery. In contrast, five of the six patients
whose tumors were not treated died of the neurological
syndrome despite steroids, IVIG, or plasma exchange (62).
However, improvement following the administration of
steroids, cyclophosphamide, azathioprine, IVIG, plasma
exchange, or plasma filtration with a protein A column
has been described in single cases (61, 72–74).

In children, paraneoplastic opsoclonus–myoclonus
may improve following treatment with adrenocortico-
tropic hormone (ACTH), prednisone, azathioprine, or
IVIG, but residual central nervous system signs are
frequent (64, 75, 76). Treatment of the tumor with
chemotherapy is the most important predictor of good
neurological recovery (77).

Subacute Sensory Neuronopathy

The symptoms of subacute sensory neuronopathy begin
with pain and paraesthesia (78, 79). Clumsiness and
unsteady gait then develop and usually become predom-
inant. The distribution of symptoms is often asymmetrical

or multifocal. The upper limbs are often affected first and
are almost invariably involved with evolution. Sensory
loss may also affect the face, chest, or abdomen. On
examination, all sensory modalities are affected, but the
most striking abnormality is loss of deep sensation,
causing sensory ataxia with pseudoathetosis of the hands.
Tendon reflexes are depressed or absent. In most patients,
the disease progresses rapidly over weeks to months,
leaving the patient severely disabled. In a few patients, the
neuronopathy remains stable for months with mild
neurological deficits (80). Subacute sensory neuronopathy
occurs in approximately 75% of patients with paraneo-
plastic encephalomyelitis, is predominant in 50% of
patients and clinically pure in 25% of the patients (3, 4).
Autonomic neuropathy including gastrointestinal pseudo-
obstruction is common.

Underlying Tumor

Subacute sensory neuronopathy is probably paraneo-
plastic in about 20% of patients. In 70% to 80% of
patients, subacute sensory neuronopathy is associated
with SCLC (3, 4, 30). Other associated tumors include
breast cancer, ovarian cancer, sarcoma, and Hodgkin’s
lymphoma (78, 79). Subacute sensory neuronopathy
usually predates the diagnosis of cancer with a median
delay of 3.5 to 4.5 months (3, 4).

Diagnostic Evaluation

Electrophysiology shows absence or marked reduction
of sensory nerve action potentials with normal or
mildly reduced motor conduction velocities. Early in the
course of the disease, CSF examination shows mild
pleocytosis, with an elevated IgG and oligoclonal bands
(4, 78, 79). Sural nerve biopsy is rarely required for
the diagnosis but may differentiate from vasculitic
neuropathy.

Antineuronal Antibodies

Anti-Hu is the most frequent paraneoplastic antibody in
subacute sensory neuronopathy (3, 4, 29, 30). In this
setting, anti-Hu antibody detection has a specificity of
99% and sensitivity of 82% (81). The absence of anti-Hu
antibodies does not rule out an underlying cancer. Anti-
CRMP5/CV2 antibodies also occur with paraneoplastic
peripheral neuropathies (82). These patients usually have
a sensory or sensorimotor neuropathy with less frequent
involvement of the arms, but it is often associated
with cerebellar ataxia (19, 82, 83). Anti-CRMP5/CV2
antibodies are usually associated with SCLC, neuro-
endocrine tumors, and thymoma. Antiamphiphysin anti-
bodies are associated with multifocal paraneoplastic
encephalomyelitis, and symptoms often include sensory
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or sensorimotor neuropathy (33, 84, 85). Associated
tumors (mostly limited) are mainly SCLC, breast cancer,
and melanoma.

Treatment and Prognosis

Immunotherapy consisting of plasma exchange, steroids,
and IVIG is ineffective, with only some exceptions (24, 27,
86, 87). In one study, two out of ten patients stabilized
in a relatively good clinical condition following intensive
treatment with a combination of steroids, cyclophos-
phamide, and IVIG (24). Early detection and treatment
of the underlying neoplasm, usually SCLC, appears to
offer the best chance of stabilizing the neurological
symptoms (4, 27). In patients with an identifiable tumor,
antitumor treatment is recommended. In the absence of
a tumor, antitumor treatment may be considered in
patients with anti-Hu antibodies, age >50 years, and a
history of smoking. In patients not receiving antitumor
therapy, a short course of immunotherapy can be
considered. Symptomatic treatment is directed at neuro-
pathic pain and dysautonomic symptoms such as ortho-
static hypotension.

Lambert-Eaton Myasthenic Syndrome

LEMS presents with proximal weakness of the lower
extremities and fatigability. Bulbar symptoms may occur
more frequently than previously reported (88) but are
generally milder than in myasthenia gravis. Respiratory
weakness can occur. Deep tendon reflexes, especially
those in the legs, are diminished or absent but may
reappear after exercise. Autonomic features ultimately
develop in 95% of patients, especially dryness of the
mouth, impotence, and mild/moderate ptosis (88, 90). In
some patients, LEMS may develop in association with
other paraneoplastic syndromes, including paraneoplastic
cerebellar degeneration and encephalomyelitis (55).

Underlying Tumor

Approximately 70% of patients have cancer, almost
always SCLC (89, 91). Other tumors include small cell
carcinomas of the prostate and cervix, lymphomas, and
adenocarcinomas. The prevalence of LEMS in SCLC is
estimated to be around 3% (90, 92). Clinically and
serologically, the 30% without an identifiable tumor are
indistinguishable from the paraneoplastic LEMS patients,
although LEMS may have a more progressive course in
patients with SCLC (88). In patients presenting with
LEMS, smoking history and absence of the HLA-B8
genotype strongly predict an underlying SCLC (88).
Patients with SCLC and LEMS survive significantly longer
than SCLC patients who do not have the paraneoplastic
syndrome (88).

Diagnostic Evaluation

The typical pattern of electromyographic abnormalities is
the hallmark of LEMS. This includes a low compound
muscle action potential at rest with a decreased response
at low rates of repetitive stimulation (3Hz) and an
incremental response at high rates of repetitive stimula-
tion (50Hz) or 15 to 30 seconds of maximal voluntary
contraction (Fig. 2) (93).

Antineuronal Antibodies

Most patients with LEMS have antibodies against P/Q
type calcium channels that are located presynaptically in
the neuromuscular junction (93). About 20% have anti-
MysB antibodies reactive to the b-subunit of neuronal
calcium channels (94).

Treatment and Prognosis

Treatment of LEMS must be tailored to the individual based
on severity of the symptoms, underlying disease, life expect-
ancy, and previous response to treatment. In patients with
paraneoplastic LEMS, treatment of the tumor frequently
leads to neurological improvement (95). Symptomatic treat-
ment is with drugs that facilitate the release of acetylcholine
from motor nerve terminals such as 3,4-diaminopyridine
(DAP) (96). In a placebo-controlled randomized trial, DAP
(5–20mg tid-qid) was effective for long-term therapy, alone
or in combination with other treatments (97). The maximum
recommended daily dose of DAP is 80 mg; at higher doses,
seizures occur (97). Cholinesterase inhibitors (pyridostig-
mine, 30–60 mg, q6h) may improve dryness of mouth but
rarely relieve weakness. If these treatments are not effective
enough, it must be decided if immunosuppressive therapy
with steroids, azathioprine, or cyclosporine is in order.
Removal of the pathogenic anti-P/Q type calcium channel
antibodies by plasma exchange (98) and IVIG can give quick
but transient relief (89, 99). LEMS responds less favorably to
immunotherapy than myasthenia gravis.

Dermatomyositis

In dermatomyositis, the characteristic heliotrope rash
(purplish discoloration of the eyelids) (Fig. 3) often precedes
the appearance of proximal muscle weakness. Other
manifestations include arthralgia, myocarditis and conges-
tive heart failure, and interstitial lung disease. Clinical,
electromyographical, and pathological findings of derma-
tomyositis are similar in patients with and without cancer.

Underlying Tumor

The standardized incidence ratio for a malignant disease
in dermatomyositis is 6.2 (95% confidence interval 3.9–
10.0) (100). Dermatomyositis is associated with cancer of
the ovary, lung, pancreas, stomach, colorectum, and
breast, and with non-Hodgkin’s lymphoma (101).
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Diagnostic Evaluation

Most patients have elevated serum creatine kinase levels
and electromyographic evidence of myopathy. Muscle
imaging (CT or MRI) may help in confirming the
diagnosis and determining the type of inflammatory

myopathy and in selecting an appropriate biopsy site.
Muscle or skin biopsy is the definitive diagnostic
procedure and shows inflammatory infiltrates (102).

Antineuronal Antibodies

Antibodies to the Mi-2 protein complex are specific for
dermatomyositis and are present in high titers in about
35% of cases (103).

Treatment and Prognosis

Treatment of paraneoplastic dermatomyositis is generally
the same as for patients without a tumor. Nearly all
patients respond to corticosteroids (104). Refractory
patients and patients requiring a lower dose of steroids
can be treated with azathioprine, methotrexate, or cyclo-
phosphamide (104).
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n INTRODUCTION

The word paraneoplastic is derived from the Greek
roots para, meaning “to, at, or from the side of,” neo,
meaning “new,” and plasma, meaning “formation,”
and is used to refer to changes in tissue remote from a
tumor or its metastases (1). Neoplasms, of course, can
be both benign and malignant. As commonly used, the
term paraneoplastic usually refers to syndromes asso-
ciated with malignant tumors, though as it happens a
number of these conditions are also associated with the
development of benign tumors. The focus in this
chapter is on conditions that are, or can be, associated
with malignancy.

Paraneoplastic conditions of the skin are particularly
important. From an academic standpoint, the accessibil-
ity of diseased skin can provide insights into basic tumor
biology. This has certainly been the case, for example, in
understanding some tumors associated with paraneo-
plastic pemphigus. In more practical terms, and in
contrast to most internal disorders, changes involving
the skin are often readily identifiable at an early stage.
Patients can sometimes pinpoint the time of onset of a

skin lesion and relate it to the development of other
symptoms. As a result, cutaneous lesions can serve as the
harbinger of a malignant process, allowing for earlier
detection and treatment and increasing the likelihood of
a favorable outcome. Although it is uncommon for the
pathologist to make a definitive diagnosis of a paraneo-
plastic condition based upon biopsy findings alone, it can
occur, as in the case of necrolytic migratory erythema
(glucagonoma), acanthosis nigricans (gastrointestinal
adenocarcinoma), or paraneoplastic pemphigus (non-
Hodgkin’s lymphoma). Since the microscopic changes
of these and other paraneoplastic syndromes can be seen
in the absence of neoplasia (the latter arising either at the
time of diagnosis or later), the role of the pathologist is
more often to suggest heightened surveillance for a
malignant process. Other conditions are either less
predictably associated with malignancy (e.g., dermato-
myositis, exfoliative dermatitis, multicentric reticulohis-
tiocytosis) or lack specific histopathologic findings, even
though the clinical features are particularly suggestive of
paraneoplasia (e.g., acrokeratosis paraneoplastica, eryth-
ema gyratum repens, the sign of Leser-Tr�elat). In such
cases, good communication between pathologist and
clinician can comprise a powerful diagnostic tool that
may well prove to be lifesaving.

The following discussion is divided into five sections.
The first considers those paraneoplastic syndromes in
which the skin findings are potentially diagnostic of an
underlying neoplasm, either through histopathology or
clinicopathologic correlation. The second section deals
with genetic syndromes that link cutaneous lesions of
varying degrees of specificity to internal malignancy. In
the third, a miscellaneous group of dermatoses is discussed
that may be associated with a variety of underlying
conditions, one of which (not necessarily the most
common) may be neoplastic. The fourth section includes
a few genetic disorders featuring cutaneous findings that
alone would be considered quite nonspecific (e.g.,
granulomas, eczematous dermatitis, altered pigmenta-
tion), but in the context of a particular syndrome have
a known association with malignancy. The fifth and
final category includes several specific dermatologic
conditions that are not generally considered paraneo-
plastic and the diagnosis of which would not ordinarily
prompt a search for malignancy, but a review of the
literature shows that malignant tumors have been
encountered from time to time and this occurrence may
be more than coincidental.



n PARANEOPLASTIC SYNDROMES
WITH SKIN FINDINGS THAT ARE
POTENTIALLY DIAGNOSTIC

Necrolytic Migratory Erythema (Glucagonoma Syndrome)

Clinical Findings

This syndrome features anemia, weight loss, glossitis, and
adult onset diabetes mellitus. The characteristic cutaneous
feature is a migrating annular erythema with erosions and
crusting. It is concentrated in intertriginous areas of the
trunk, groin, buttocks, and thighs, and perioral lesions
may occur (2, 3). Necrolytic migratory erythema is most
often associated with a glucagon-secreting islet cell tumor
of the pancreas (2, 3). In a typical case, elevated glucagon
levels and reduced plasma amino acids are detected.
However, the identical skin changes have also been seen in
association with neuroendocrine hepatic tumors (4) and
hepatic cirrhosis (5)—other situations in which glucagons
can be elevated—as well as jejunal and rectal adeno-
carcinoma, myelodysplastic syndrome (5), inflammatory
bowel disease, pancreatitis, and malabsorption disorders.
The occurrence of necrolytic migratory erythema in the
absence of a pancreatic tumor is sometimes called the
pseudoglucagonoma syndrome (6). Skin lesions resolve
with treatment of the underlying tumor and/or correction
of nutritional deficiencies. There appears to be no clear
consensus regarding the pathogenesis of necrolytic migra-
tory erythema, but amino acid deficiency due to the
catabolic effects of elevated glucagon levels, other nutri-
tional deficiencies (such as zinc and fatty acids), and the
effects of certain inflammatory mediators, including
arachidonic acid, may all play a part (6, 7).

Histopathology

There is often some degree of acanthosis, which may range
from mild to marked and psoriasiform. Confluent para-
keratosis overlies distinctly vacuolated keratinocytes in
the upper portion of the epidermis (Fig. 1) (8). Necrosis
may ensue, with coalescence of vacuoles and neutrophil
accumulation, at times producing spongiform pustulation.
Subcorneal pustules occasionally form and may be the
principal histopathologic finding (9). Within the super-
ficial to mid dermis, there is a perivascular infiltrate
comprised mainly of lymphocytes but sometimes including
neutrophils.

Specificity of Findings and Differential Diagnosis

The presence of confluent parakeratosis overlying vacuo-
lated superficial keratinocytes is quite characteristic of
necrolytic migratory erythema and should raise suspicions

of the diagnosis. However, other nutritional deficiency
disorders, such as zinc deficiency (acrodermatitis enter-
opathica), biotin deficiency, and pellagra can have similar
microscopic changes (10, 11). In general, biopsies showing
parakeratosis and pallor or vacuolization of superficial
keratinocytes should suggest a nutritional deficiency dis-
order and prompt investigations in this regard. The clinical
presentations of biotin deficiency, pellagra, and childhood
acrodermatitis enteropathica should be sufficiently distinc-
tive, but adult onset zinc deficiency could be difficult to
distinguish from necrolytic migratory erythema in the
absence of laboratory data. There is another condition
resembling necrolytic migratory erythema but occurring in
an acral distribution, particularly on the legs, termed
necrolytic acral erythema. This entity is virtually identical
histopathologically to necrolytic migratory erythema of the
glucagonoma syndrome, but it has a strong association with
hepatitis C infection (12, 13). In this instance, knowledge of
the clinical distribution of the lesions would be important,
and laboratory studies would be essential.

Psoriasiform varieties of necrolytic migratory eryth-
ema could be difficult to distinguish from true psoriasis.
Vacuolization of superficial keratinocytes is not typical of
psoriasis in the absence of spongiform pustulation—
spongiotic change in superficial portions of the epidermis
associated with accumulations of neutrophils. But the
latter change can occur in both conditions. Among the
other dermatoses characterized by spongiform pustula-
tion, candidiasis would be expected to show organisms at
the surface epidermis with PAS or silver methenamine
stains. Unfortunately, coexistence of necrolytic migratory
erythema and candidiasis has been reported (14), so the

F I GUR E 1 Microscopic image of necrolytic migratory erythema
(glucagonoma syndrome), showing parakeratosis, vacuolated changes
of the epidermal surface, and an absent granular cell layer.
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diagnosis of the former cannot be entirely excluded if
organisms are found. The occasional case presenting with
purely subcorneal pustules would be quite difficult to
distinguish from subcorneal pustular dermatosis.
However, the variant of IgA pemphigus manifesting as
subcorneal pustules could be recognized through direct
immunofluorescence study; in that case, intraepidermal
intercellular IgA deposition would be detected.

Acrokeratosis Paraneoplastica (Bazex’s Syndrome)

Clinical Findings

Individuals with this condition display psoriasiform or
eczematous lesions that are concentrated over acral
surfaces, including the hands, feet, knees, ears, nose and
cheeks (15, 16). Brittle nails with surrounding psoriasis-
like changes can occur. The skin lesions often have a
distinctly violaceous color (17). Bullous lesions are
uncommon but have been reported (18).

Acrokeratosis paraneoplastica is associated with
malignancy in virtually all cases, particularly those arising
in supradiaphragmatic locations and associated with the
aerodigestive tract. Examples include carcinomas of the
tongue, pharynx, soft palate, esophagus, and lung (18).
Some recently reported tumor associations include carci-
noma of the breast (19), metastatic thymic carcinoma
(20), and liposarcoma (21). The development of acroker-
atosis paraneoplastica typically precedes initial symptoms
or diagnosis of the underlying malignancy by an average
of 11 months (18). Occasionally, the skin lesions may
serve as a harbinger of recurrent or metastatic tumor. In
most cases, cutaneous lesions improve following treatment
of the malignancy. Although the precise cause is yet to be
determined, possibilities include a host immune response
directed toward shared tumor antigens, or tumor-induced
inflammatory mediators such as transforming growth
factor-alpha (TGF-a) (18, 22).

Histopathology

Microscopic findings include focal parakeratosis, hyper-
keratosis, and acanthosis (23). Varying degrees of
vacuolar alteration and formation of apoptotic keratino-
cytes have been detected (16, 17). Within the superficial
dermis is a mild perivascular lymphocytic infiltrate.
Bullous lesions could result from lichen planus–like
clefting along the basement membrane zone or from a
superimposed, “second-hit” bullous disorder, possibly due
to epitope spreading (18).

Specificity of Findings and Differential Diagnosis

In the absence of a clinical history, the microscopic
findings must be regarded as nonspecific. The constellation
of features would ordinarily raise the differential diagnosis

of psoriasis versus psoriasiform spongiotic dermatitis, a
common issue in diagnostic dermatopathology. It is also
not unusual for some dermatoses to feature spongiotic
changes as well as a degree of vacuolar alteration of the
basilar layer; this can be seen, for example, in drug
reactions. However, neutrophil accumulations within the
stratum corneum, forming Munro microabscesses or
spongiform pustules, have not been emphasized as a
feature in acrokeratosis paraneoplastica, and their absence
would tend to militate against a confident diagnosis of
psoriasis. Acrokeratosis paraneoplastica showing signifi-
cant hyperkeratosis and minimal inflammatory or spongi-
otic changes could also mimic ichthyosis, and in fact,
coexistence of these two paraneoplastic signs has been
reported (24). Formation of bullae within these lesions
would make specific diagnosis extremely difficult.

However, the clinical presentation of acrokeratosis
paraneoplastica is quite characteristic, and in that context,
the microscopic findings can be strongly supportive of the
diagnosis. Clearly, a high index of suspicion and good
communication with the clinician would be essential to
making the diagnosis. Recent onset of a spongiotic or
psoriasiform dermatitis in an acral location, with the
enumerated microscopic features, should at least raise
the possibility of this uncommon but specific paraneo-
plastic disorder.

Papuloerythroderma of Ofuji

Clinical Findings

First described by Ofuji in 1984 (25), papuloerythroder-
ma is another clinically distinctive dermatosis that often
lacks specific histopathologic features. This condition
typically presents in elderly males. Widespread erythema
and solid, red-brown papules develop, with dramatic
sparing of flexural folds—a finding often termed the
“deck chair sign” (Fig. 2). Eosinophilia and lymphopenia
may accompany the dermatosis (26). Papuloerythroderma
has a strong association with malignancy, especially
lymphoma. The most common lymphoproliferative dis-
order is T-cell lymphoma, particularly cutaneous T-cell
lymphoma (27–33). In some cases, cutaneous T-cell
lymphoma has actually presented with the clinical
appearance of papuloerythroderma (28, 31), while in
other instances, papuloerythroderma has apparently
evolved from a nonspecific histopathologic picture to
one of mycosis fungoides (34). Nonepidermotropic
peripheral T-cell lymphoma (35), Hodgkin’s disease
(36), and acute myeloid leukemia (37) have also been
reported. Solid tumors have included gastric carcinoma
(38, 39), adenocarcinoma of the colon (40), and
hepatocellular carcinoma (41). Despite the apparently
strong cancer association, some patients have not
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developed malignancy during a limited period of follow-
up, while sporadic cases have been related to HIV
infection (42) and choledocholithiasis with secondary
sepsis (43). Therapies that have been effective for the
dermatosis include ultraviolet light, both UVB and PUVA,
and oral or topical corticosteroids (30).

Histopathology

The findings include parakeratosis, varying degrees of
acanthosis, and spongiosis (Fig. 3). There is a moderately
intense perivascular and interstitial inflammatory infil-
trate, concentrated in the upper to mid dermis, comprised
mainly of lymphocytes, though scattered eosinophils and
plasma cells can also be observed. Varying numbers of
Langerhans cells can be identified within the dermis (40).

Specificity of Findings and Differential Diagnosis

None of the microscopic changes enumerated above are
considered to be specific. In fact, these findings can be
encountered in a wide variety of spongiotic dermatitides,
including forms of eczematous dermatitis (e.g., contact
dermatitis, nummular dermatitis) and erythroderma. In
the authors’ experience, the diagnosis is largely a clinical
one, with histopathology playing mainly a supportive role.
Clinically, the “deck chair sign” is far more distinctive
than any of the histopathologic features. However, the
microscopic findings can be crucial in those few cases that
clinically resemble papuloerythroderma but in reality
represent cutaneous T-cell lymphoma. In those circum-
stances, the observation of significant epidermotropism,
Pautrier microabscesses, haloed lymphocytes, and wiry
papillary dermal collagen can be decisive, prompting
further study via immunohistochemistry or gene rear-
rangement testing (31).

Paraneoplastic Pemphigus

Clinical Findings

Although there had been a number of reports of an
association between pemphigus and cancer, dating back to
at least 1910, it was Anhalt et al. who in 1990 defined the
disorder that has come to be known as paraneoplastic
pemphigus (44). Patients develop erosions of the lips and
oropharynx, pseudomembranous conjunctivitis, and pru-
ritic, polymorphous skin lesions with blisters and erosions
(44). Some lesions have an iris, or target-like configu-
ration, and these combined with the mucous membrane
changes can be quite suggestive of erythema multiforme,
including the Stevens-Johnson syndrome.

Paraneoplastic pemphigus has a strong association
with lymphoproliferative disorders, including both T- and
B-cell lymphomas, thymoma, chronic lymphocytic leuke-
mia, and Castleman’s disease (44–46). Several other
tumors have been identified as well, comprising 16% of
all cases in a recent review (46). These include carcinomas,
sarcomas, and malignant melanoma. In typical cases
associated with lymphoma, the neoplastic process is
already established at the time of onset of paraneoplastic
pemphigus, and thus the prognosis is usually poor.
Unusual cases have also been reported in which no tumor
was detected (47), or in which other factors may have
been involved, e.g., radiation therapy (48, 49).

Patients with paraneoplastic pemphigus have been
shown to develop circulating antibodies to a variety of
keratinocyte-derived proteins, particularly desmoplakin I
(250 kd), bullous pemphigoid antigen (230 kd), envopla-
kin (210 kd), and periplakin (190 kd) (50, 51), important
desmosome-related proteins. Presumably, autoantibodies
directed toward tumors cross-react with epithelia that

F IGURE 3 Microscopic features of papuloerythroderma, showing
parakeratosis, acanthosis, spongiosis, and a moderately intense super-
ficial dermal inflammatory infiltrate.

F IGURE 2 Papuloerythroderma of Ofuji, showing the ‘‘deck chair
sign.’’
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contain related antigens (44). Zhang et al. recently
reported that B-lymphocyte clones from Castleman’s
tumors in patients with paraneoplastic pemphigus specif-
ically react to epidermal proteins (52).

Histopathology

The microscopic image combines features of erythema
multiforme with those of pemphigus vulgaris. There are
vacuolar alteration of the basilar layer, apoptotic kerati-
nocytes that may be found at all levels of the epidermis,
and a superficial dermal infiltrate comprised mainly of
lymphocytes, but with some eosinophils and neutrophils.
All of these changes can be seen in erythema multiforme.
In addition, suprabasilar acantholysis with cleft formation
is often but not invariably present (53, 54). It is possible
that the exposure of antigens resulting from lichenoid
dermatitis could promote the development of auto-
immunity and the subsequent acantholytic changes of
pemphigus; this could be considered an example of a
phenomenon termed “epitope spreading” (55). Direct
immunofluorescence shows a combination of intercellular
epidermal deposits of IgG and C3 and linear-granular
basement membrane zone staining for C3 and/or IgG, a
combination of findings also observed in the disorder
pemphigus erythematosus (56). Positive intercellular IgG
is also found by indirect immunofluorescence using
the traditional monkey esophagus substrate, as would
also be the case for nonparaneoplastic forms of pemphi-
gus. In addition, sera from patients with paraneoplastic
pemphigus show antibody binding to simple epithelia
such as that found in murine bladder, a finding not
encountered in ordinary pemphigus. However, negative
results do not exclude the diagnosis of paraneoplastic
pemphigus (57).

Specificity of Findings and Differential Diagnosis

The microscopic findings in paraneoplastic are potentially
diagnostic, even without full clinical data. If not often
predictive of malignancy (since, as mentioned previously,
lymphomas associated with these cases are usually well
established when skin disease develops), at least the
pathologist has the opportunity to provide an explanation
for a clinically puzzling dermatosis. The best opportunity
for a specific diagnosis arises when interface (lichenoid)
changes, sometimes resembling erythema multiforme,
coexist with suprabasilar acantholysis. Supportive evidence
is provided by direct immunofluorescent study, in which
both intracellular and basement membrane zone fluores-
cence are often noted. Although these immunofluorescent
changes could also be seen in pemphigus erythematosus, the
histopathologic image of the latter is quite different,
showing more superficial acantholytic changes (through

the region of the granular cell layer) and an absence of
interface changes. If possible to accomplish, positive
staining of rat bladder epithelium would generally clinch
the diagnosis of paraneoplastic pemphigus.

Diagnostic problems can arise when no acantholytic
changes are identified (53, 54). The differential diagnosis
would include a variety of interface or lichenoid derma-
toses, particularly erythema multiforme but also (in the
absence of clinical information) graft versus host disease
or fixed drug eruption. A clinical description of the lesions
and/or history of malignancy would then prompt a
recommendation for direct immunofluorescent studies. If
positive intercellular staining were to be found, paraneo-
plastic pemphigus would be a strong consideration. At
times, biopsy findings may show only suprabasilar
acantholysis, without lichenoid tissue changes, a circum-
stance that has been reported in 27% of cases (58).
Pemphigus would then be the leading consideration;
securing the diagnosis of paraneoplastic pemphigus would
require indirect immunofluorescence using rat bladder or
comparable murine epithelium, and/or detection of the
characteristic spectrum of circulating antibodies to kera-
tinocyte-related proteins.

Dermatomyositis

Clinical Findings

Dermatomyositis is a well-known condition combining the
features of polymyositis with inflammatory skin lesions.
Some patients present with identical skin lesions in the
absence of clinical and laboratory findings of myositis.
When this situation continues for over two years, it is
called “amyopathic dermatomyositis” (59). Internal ma-
lignancy has been reported in 15% to 25% of cases of
dermatomyositis (60), including amyopathic cases (61).
On the other hand, polymyositis alone may not have an
increased risk for malignancy (62). The association with
malignancy is strongest among older adults. The neoplastic
process may precede, develop concurrently with, or follow
the onset of dermatomyositis with approximately equal
frequencies (63). Furthermore, the types of malignant
lesions occur with a frequency mirroring that in the general
population (63). Thus, carcinomas of breast or lung are
among the most common, but a complete spectrum of
tumors has been encountered, including lymphomas,
melanoma, and sarcomas. The literature suggests that a
diagnosis of dermatomyositis should not, by itself, prompt
a detailed evaluation for malignancy; instead, such an
evaluation should be guided by specifically suggestive
findings resulting from history, physical examination, and/
or routine laboratory studies (64). Treatment of the
underlying malignancy may or may not result in improve-
ment in the muscular or cutaneous disease (63).
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The most common clinical features include viola-
ceous erythema and scale, particularly in the head and
neck regions or over extensor surfaces of the extremities,
often with poikiloderma (variegated pigmentation and
telangiectasia) and a degree of atrophy. “Heliotrope”
eyelids are classic signs but are not always found.
Papules or plaques involving skin overlying the inter-
phalangeal joints (Gottron’s papules) are often seen, and
there may be nailfold telangiectasias or ragged-appearing
cuticles (Samitz’s sign). Photosensitivity, sometimes with
a burning painful sensation, and plaque-like calcifica-
tions may also occur (65). When coexistent with
myositis, proximal muscle weakness, elevated muscle
enzymes, and a variety of circulating autoantibodies may
be found.

Histopathology

The most typical presentation is that of a lichenoid tissue
reaction, with vacuolar alteration of the basilar layer of
the epidermis and formation of apoptotic keratinocytes.
Often the features are those of poikiloderma atrophicans
vasculare: basilar vacuolar change in the face of an
atrophic epidermis, vasodilatation, and pigmentary incon-
tinence. Basement membrane zone thickening has been
reported. The superficial dermal infiltrate tends to be
mild, lymphocytic, and perivascular. A lymphoplasma-
cytic panniculitis can be seen, but in the authors’
experience, it is uncommon. Dermal mucin deposition is
frequently identified with colloidal iron or alcian blue
staining (Fig. 4) (66). Clinically apparent subepidermal
blister formation is rare, but the few cases with this
finding were associated with malignancy and poor

outcome (67, 68). Direct immunofluorescent studies tend
to be negative, except for the presence of apoptotic
(Civatte) bodies that stain positively for IgM and C3.

Specificity of Findings and Differential Diagnosis

Interface dermatitis in general raises a broad differential
diagnosis, but skin biopsies showing features of poikilo-
derma atrophicans vasculare, particularly when arising in
adult life, suggest three major possibilities: dermatomyo-
sitis, lupus erythematosus, and the early poikilodermatous
phase of mycosis fungoides. There is considerable overlap
of the changes in lupus erythematosus and dermatomyo-
sitis, and a distinct differentiation is not always possible.
However, in addition to the epidermal changes, lupus
erythematosus often shows a prominent perivascular and
periadnexal infiltrate, which (in the case of follicles) is
typically accompanied by vacuolar alteration of basilar
outer root sheath epithelium. Thinning of lateral follicular
walls occurs particularly in the discoid form of lupus
erythematosus. When present, lupus panniculitis can be
distinctive, with mixed septal-lobular arrangement, pools
of mucin, focal hyalinizing change, and nodular aggre-
gates of lymphocytes and plasma cells. Direct immuno-
fluorescence of skin biopsies can be helpful in that only
lupus erythematosus would be expected to show basement
membrane deposits of complement and immunoglobulin.
However, a false-negative study (which could result from
lesion selection, the site chosen for biopsy, or sampling of
very early or very late lesions) could be problematic.
Correlation with clinical and laboratory findings would
then be essential, because overlap or mixed connective
tissue diseases also occur. Mycosis fungoides would be
expected to show atypical lymphocytes, exocytosis with
formation of haloed cells or Pautrier microabscesses in the
epidermis, possibly abnormal immunophenotyping, or
positive T-cell receptor gene rearrangement studies.

Diffuse (Normolipemic) Plane Xanthoma

Clinical Findings

In this xanthomatous condition, patchy or diffuse orange-
yellow discoloration of the skin develops over the face and
trunk and particularly in intertriginous areas such as the
axillae (69, 70). Most patients with this syndrome are
normolipemic, though plane xanthomas themselves can
certainly occur in hyperlipoproteinemias of types 2 through
4. This condition has a strong association with multiple
myeloma (69, 71). There are also reports of plane xantho-
matosis associated with chronic lymphocytic leukemia (72)
and rectal adenocarcinoma (73). Clinical and histopatho-
logic links have been suggested between diffuse plane
xanthoma and necrobiotic xanthogranuloma, another
dermatosis associated with paraproteinemia (74, 75).

F IGURE 4 Typical microscopic findings of dermatomyositis, including
epidermal atrophy, vacuolar alteration of the basilar layer, and marked
dermal mucin deposition.
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Histopathology

The findings include clusters of foamymacrophages scattered
through the dermis, in the absence of fibrosis. Lymphocytic
inflammation is typically sparse or absent (76, 77).

Specificity of Findings and Differential Diagnosis

The distribution of foam-laden macrophages, minimal
degree of inflammation, and lack of fibrosis would be
suggestive of plane xanthoma. Clinical correlation would
then be necessary in order to confirm the “diffuseness” of
the process. In addition to the hyperlipoproteinemias
mentioned above, plane xanthomas can also accompany
biliary cirrhosis. Cases showing foci of degenerated
connective tissue or multinucleated cells can resemble
necrobiotic xanthogranuloma.

Erythema Gyratum Repens

Clinical Findings

Erythema gyratum repens is surely one of the most
dramatic clinical presentations in all of dermatology. In
this condition, arcuate erythematous bands, sometimes
with a trailing edge of scale, migrate over the skin surface.
In some cases, this produces intricate patterns resembling
the grain of wood (78, 79). Involvement is concentrated
over the trunk and proximal extremities. This condition
has a strong association with cancers, including lung
(80, 81), breast (78), and undifferentiated carcinomas
(79, 82). However, though most closely associated with
malignancy, the same changes have accompanied nonneo-
plastic conditions such as cystic hypertrophy of the breast
(83) and pulmonary tuberculosis (84), and have arisen in
apparently normal individuals (85). When associated with
malignancy, the eruption has been reported to occur either
before or after the detection of the cancer. As is the case
with a number of other cutaneous paraneoplastic syn-
dromes, erythema gyratum repens may result from
lymphokines secreted by the tumors, such as epidermal
growth factor (80).

Histopathology

The microscopic findings include foci of parakeratosis
and spongiosis and a moderately intense, perivascular
infiltrate concentrated around vessels of the superficial
to mid-dermis, comprised of lymphocytes and “histio-
cytes” (macrophages) (78, 86). In some reports, the
infiltrates have been more diffuse (82) or have contained
eosinophils (79). On direct immunofluorescence, granular
IgG and C3 deposition were seen along the dermal–
epidermal junction (86), the significance of which is not
entirely clear.

Specificity of Findings and Differential Diagnosis

The histopathologic image of this entity is quite non-
specific. Basically, a diagnosis of erythema gyratum repens
depends upon the clinical presentation, which as men-
tioned is usually quite striking. However, the microscopic
findings can be supportive of the diagnosis. The combi-
nation of focal parakeratosis, spongiosis, and a superficial
perivascular lymphocytic and macrophagic infiltrate can
also be seen in the superficial variant of erythema
annulare centrifugum (EAC), another less complex
annular erythema that is not usually associated with
internal cancer. It is interesting to note that in some case
reports, erythema gyratum repens has begun as a more
localized annular erythema with the clinical features of
EAC. However, microscopic evaluation can be important
in excluding other annular erythemas that might be
clinical mimics of erythema gyratum repens, such as
dermatophyte infection (organisms should be detectable in
the stratum corneum with PAS or silver methenamine
stains) or subacute cutaneous lupus erythematosus (inter-
face rather than spongiotic dermatitis, often with dermal
mucin deposition).

Sweet’s Syndrome (Acute Febrile Neutrophilic Dermatosis)

Clinical Findings

Although often described as a rare entity, Sweet’s syndrome
is encountered from time to time, particularly in academic
and referral centers, and it is evenmore often included in the
differential diagnosis of puzzling dermatoses with neutro-
philic components. In this condition, erythematous plaques
and nodules develop over the face, trunk, or extremities.
These are often described as painful (87). Characteristically,
the lesions arise rather suddenly, are accompanied by fever
and leukocytosis, and are particularly responsive to treat-
ment with systemic corticosteroids. Multiple disease
associations have been reported; these can be placed in
the following groups: autoimmune inflammatory, including
inflammatory bowel disease (88, 89), infection (90, 91),
therapeutic agents (92, 93), and pregnancy related (94).
Idiopathic cases definitely occur.

The other significant disease category is malignancy.
Sweet’s syndrome has been associated with malignancy in
about 10% of cases (95). Leukemia has been the most
frequent condition in this category, particularly acute
myeloid or myelomonocytic leukemia (96–99). Sweet’s
syndrome has also accompanied chronic myeloid leuke-
mia, in apparently uncomplicated disease (100), preceding
blast crisis (101), or with use of the tyrosine kinase
inhibitor imatinib mesylate (102, 103). Other leukemia-
related associations have included hairy cell leukemia
(104) and myelodysplastic syndrome (105). There are also
reports of Sweet’s syndrome occurring with lymphoma
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(106), myeloma (107), and solid tumors. Most recent
examples of the latter category are carcinomas of the
bladder and prostate (108) and cervix (109).

Histopathology

The findings include pronounced papillary dermal edema
and a dense neutrophilic infiltrate in the upper to mid-
dermis (Fig. 5). Leukocytoclasis is usually apparent, but
leukocytoclastic vasculitis typically cannot be demonstra-
ted (110, 111). A neutrophil-poor variant has been
described (112), but this is sufficiently unusual that
reconsideration of the diagnosis would be warranted.
A histiocytoid variant may suggest that “histiocytes”
(macrophages) are prominent, while in fact, the cells in
question are most likely immature myeloid forms (113).
There have been other reports of immature or leukemic
cells in lesions of Sweet’s syndrome (114, 115).

Specificity of Findings and Differential Diagnosis

The microscopic findings in Sweet’s syndrome are quite
characteristic and often diagnostic. There is some overlap
with the early stages of pyoderma gangrenosum, and it
has been suggested that these conditions are parts of a
spectrum of neutrophilic skin disorders (116). However,
early lesions of pyoderma gangrenosum often show
evidence for acute folliculitis (117), and it is not typical
for lesions of Sweet’s syndrome to evolve into ulcers. The
lesions of erythema elevatum diutinum can have over-
lapping microscopic features. However, they are of longer
duration, have a typical distribution over extensor portions
of distal extremities, can show true vasculitis microscopi-
cally, and resolve with fibrosis, sometimes with lipid
deposition. A condition termed “rheumatoid neutrophilic
dermatosis” also bears a close resemblance, but in the
authors’ experience, it tends to show deep as well as
superficial dermal involvement, demonstrates a lesser
degree of leukocytoclasis, and may be associated with the
changes of interstitial granulomatous dermatitis (118).

Once a diagnosis of Sweet’s syndrome has been made,
clinical and laboratory investigations are in order to
determine what, if any, disease association might be
detected. Neoplasm is among the possibilities, but the
majority of cases will not be associated with a malignant
process. Although there are few microscopic clues that
would lead the pathologist to specifically suspect an
underlying malignancy, the detection of primitive myeloid
forms should certainly prompt an investigation into the
possibility of leukemia.

Superficial Thrombophlebitis

The association between superficial migratory thrombo-
phlebitis and malignancy was first described by Trousseau
in 1865, and therefore it is sometimes referred to as
Trousseau’s syndrome (119). Nodules or cords appear on
the lower legs or elsewhere, conveying the impression of
“migration.” Although an association with Behcet’s or
Buerger’s diseases is known, there is also often an
association with an underlying cancer, particularly involv-
ing the pancreas, stomach, lung, prostate, or hematopoietic
system (120). The hypercoagulable state associated with
these malignancies likely predisposes patients to the
syndrome (121–123). Microscopically, a vein at the
dermal–subcutaneous interface shows thrombosis, with
an inflammatory infiltrate consisting mainly of neutrophils
at first, followed by lymphocytes and granulomatous
elements. The infiltrates are concentrated in the immediate
vicinity of the involved vessel (124). Although veins are
traditionally distinguished from arteries by the finding of
an internal elastic lamina in the latter, veins can also
possess an elastic lamina. A recent paper by Dalton et al.
indicates that the smooth muscle pattern of the vessel wall

F IGURE 5 The characteristic features of Sweet’s syndrome include
papillary dermal edema and a dense neutrophilic infiltrate, with
leukocytoclasis, occupying the upper to mid-dermis.
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may be more diagnostic: arteries have a circumferential
smooth muscle pattern, while that in veins is more
haphazard and “cobblestoned” in appearance (Fig. 6)
(125). In the absence of another explanation, biopsy
changes of superficial thrombophlebitis should at least
prompt the consideration of internal malignancy, partic-
ularly carcinoma of the body or tail of the pancreas.

Hypertrichosis Lanuginosa (Malignant Down)

Clinical Findings

This acquired condition consists of extensive growth of
lanugo hairs that cover the face and can progress to the
neck, trunk, and extremities (126, 127). Most reported
patients have had a malignancy, usually carcinoma. These
have included carcinomas of the lung, colon, gallbladder,
rectum, uterus, breast, endometrium, and prostate; one
lymphoma has also been reported (127–132). In the
majority of reported patients, the malignancy was known
to be present when the lanugo hair growth occurred, but
in a few cases, hair growth preceded identification of the
cancer (131, 132). Resolution of the condition has
occasionally been reported to follow treatment of the
underlying malignancy (128, 130). The pathogenesis of
hypertrichosis lanuginosa is unclear, and an endocrino-
logic mechanism has not been discovered.

Histopathology

A histopathologic study by Hegedus and Schorr described
the presence of mantle hair follicles in hypertrichosis
lanuginosa. The follicular mantle is a poorly recognized

structure championed by Pinkus (133). It consists of cords
of basaloid cells that extend downward around the
follicular infundibulum with a resemblance in tissue
sections to a set of parentheses. They sometimes contain
sebaceous cells and are believed to give rise to sebaceous
glands. Most reported cases of hypertrichosis lanuginosa
have not included histopathologic descriptions, so it
remains to be seen if this is truly a characteristic finding
of the disorder.

Specificity of Findings and Differential Diagnosis

Mantle hair follicles can occasionally be seen as an
incidental finding in biopsies done for other reasons, so
their identification does not “make” a diagnosis of
hypertrichosis lanuginosa. The condition is so striking
clinically that the diagnosis is often made without
resorting to histopathology. However, the pathologist
might be called upon to support the diagnosis, which
could be accomplished by finding increased numbers of
lanugo hairs per unit area (best accomplished with
horizontal sectioning of a biopsy specimen), together with
the detection of mantle hair follicles (best identified in
vertically oriented sections).

Acanthosis Nigricans

Clinical Findings

Acanthosis nigricans is perhaps best known as a sign of
malignancy, but it also accompanies a group of endo-
crinologic disorders, particularly those associated with
insulin resistance (134), may be associated with obesity
(sometimes termed pseudoacanthosis nigricans), presents
as an autosomal dominant familial disorder (135), or may
be caused by certain medications, including corticoste-
roids, nicotinic acid, and triazinate (136).

“Malignant” acanthosis nigricans (so-called because
of its association with malignancy; the skin disease itself
has no propensity toward malignant change) is mainly a
disorder of adults. It is most closely associated with
gastrointestinal carcinoma, but has been seen with
carcinomas of the lung, kidney, and bladder as well as
with mycosis fungoides (137). There have been recent
cases reporting an association with carcinomas of the
ovary (138) and pancreas (139). According to the classic
studies by Curth, changes of acanthosis nigricans preceded
the detection of malignancy in 17% of cases, appeared
more or less simultaneously with the cancer in 60% of
cases, and followed the development of cancer by variable
periods of time in 22% of cases (140). The changes have
been reported to regress, at least temporarily, when the
tumor has been resected (141). Although the mechanism
for development of acanthosis nigricans has not been
completely worked out, it is likely that growth factors

F IGURE 6 Inflammation involving the wall of a vein in superficial
thrombophlebitis. Note the haphazard, ‘‘cobblestoned’’ appearance of
the smooth muscle in this vessel.
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produced by the tumors may be responsible, particularly
in view of the probable role for insulin in endocrinologic
forms of the disorder (142).

All forms of the disorder feature pigmented, velvety
plaques concentrated in flexures, such as the neck, axillae,
and groin (Fig. 7) (143). The palms may be hyperkeratotic
and develop a “honeycomb” appearance. Cases have been
reported that link acanthosis nigricans to tripe palms,
mucosal papillomas, and the sign of Leser-Tr�elat
(138, 144, 145).

Histopathology

The findings in acanthosis nigricans are characteristic, if
not pathognomonic, and include marked papillomatosis
with “finger-like” projections of rete ridges, associated
with hyperkeratosis that tends to be basket-woven rather
than compact. Acanthosis is mild, usually limited to the
valleys between papillomatous formations (Fig. 8). Basilar
melanization is often mild, except in dark-skinned
individuals, and it is believed that in most instances, the
pigmentation perceived clinically is primarily due to
hyperkeratosis (146).

Specificity of Findings and Differential Diagnosis

The changes of acanthosis nigricans are characteristic but
not entirely specific. Similar combinations of hyperker-
atosis and papillomatosis can be seen in confluent and
reticulated papillomatosis (a hyperkeratotic condition
most commonly seen on the trunk of younger individuals,
unassociated with malignancy), some seborrheic kerato-
ses, and epidermal nevi. Seborrheic keratoses may also

have horn cysts and a greater degree of acanthosis, while
the changes in confluent and reticulated papillomatosis
are generally less pronounced. Obviously, the clinical
history and physical examination have a great bearing on
the diagnosis in many cases. Once a diagnosis of
acanthosis nigricans is established, there is still a need to
determine the underlying cause. In the absence of a family
history, endocrinologic syndrome, obesity, or relevant
medications, the development of this condition in an adult
should prompt a search for malignancy, particularly of the
gastrointestinal tract.

Tripe Palms

Clinical Findings

“Tripe palms” represents a form of acquired palmar
keratoderma in which the palms take on what is most
commonly described as a rugose (wrinkled) appearance,
resembling the luminal surface of the small bowel. It is
sometimes observed together with acanthosis nigricans or
the sign of Leser-Tr�elat (see below) (138, 139, 144), but it
can also appear as an isolated finding. Despite some earlier
literature contaminated with cases of acanthosis nigricans
and keratoderma not necessarily featuring the typical
“tripe palm” appearance, the evidence suggests that tripe
palms constitute an independent sign of internal malig-
nancy. Carcinomas of the lung and stomach appear to be
most common (144, 147, 148). Ovarian and pancreatic
carcinomas have also been reported (138, 139, 149). A
recent interesting case was associated with systemic
mastocytosis, elevated TGF-a levels, and detection of
TGF-a in mast cells; treatment with interferon-alfa therapy
resulted in decreased TGF-a levels and regression of the
tripe palms (150).

F IGURE 7 Velvety pigmented changes of the axilla in a patient with
acanthosis nigricans.

F I GUR E 8 Microscopic findings of acanthosis nigricans include
hyperkeratosis, papillomatosis, and ‘‘finger-like’’ elongations of rete ridges.
Acanthosis is mild. In this particular case, hyperpigmentation is evident.
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Histopathology

Little has been written about the histopathology of tripe
palms. In some instances, only “hyperkeratosis” has been
emphasized (150). However, a study by Requena et al.
demonstrated an undulant (wavy) epidermis featuring
hyperkeratosis, papillomatosis, and acanthosis (149).

Specificity of Findings and Differential Diagnosis

Additional histopathologic studies will be necessary to
determine if the changes that have been described are
specific for the diagnosis of tripe palms. It certainly seems
likely that there would be considerable overlap with other
forms of palmar keratoderma, most of which are not
associated with malignancy. However, an appreciation of
undulation of the epidermis could be diagnostically useful.
Proper evaluation of this feature would require sufficient
sampling to enable inspection of a reasonable stretch of
epidermis, and it might also be dependent upon the
orientation of the specimen (i.e., whether parallel or
perpendicular to the surface undulation). Again, clinical
correlation would be decisive in most cases.

The Sign of Leser-Tr�elat

Clinical Findings

The sign of Leser-Tr�elat consists of the rapid increase in
the number and/or size of seborrheic keratoses, partic-
ularly on the trunk, in association with an internal
malignancy. Inflammation of seborrheic keratoses may
be a part of this process (151), and it is conceivable that a
host inflammatory response directed toward existing but
subtle seborrheic keratoses could account for the “rapid
increase” of lesions seen in some cases. Since multiple
seborrheic keratoses are prevalent among older adults,
and rapidity of onset may be questionable in any given
case, a determination that the sign is present may be
problematic. In addition, purists do not accept the
development of multiple keratoses in the setting of
erythroderma, even if that erythroderma is a manifestation
of cutaneous T-cell lymphoma, i.e., S�ezary syndrome
(Fig. 9). As mentioned previously, coexistence of this sign
with acanthosis nigricans has been reported.

The malignancies associated with the sign of Leser-
Tr�elat include gastrointestinal carcinomas and lymphomas
(152–156). Recent papers have reported an association
with pancreatic carcinoma (157) and anaplastic ependy-
moma (158). The eruption of seborrheic keratoses can
precede recognition of the cancer, or it can follow or
develop concurrently (156, 159). The seborrheic keratoses
may resolve following treatment of the primary tumor
(159). A role for growth factors in the production of these
lesions has been suggested, including epidermal growth
factor and TGF-a (160).

Histopathology

The microscopic findings have differed somewhat from
case to case, ranging from typical seborrheic keratoses to
foci of hyperkeratosis with variable degrees of papilloma-
tosis (156, 161). Although regression of lesions was
associated with mononuclear cell infiltration in one case
(162), inflammation may be an integral part of the
development (or appearance) of these seborrheic kera-
toses, at least in some cases. This has been observed in a
case in which a patient presented with both the sign of
Leser-Tr�elat and tripe palms (Fig. 10).

F IGURE 9 Multiple seborrheic keratoses in a patient with S�ezary
syndrome.

F IGURE 10 Inflamed seborrheic keratosis from a patient with the sign
of Leser-Tr�elat. This patient also had tripe palms.

52 P A R T I � Clinical Findings



Specificity of Findings and Differential Diagnosis

Unfortunately, seborrheic keratoses, including inflamed
seborrheic keratoses, are quite common, and this histo-
pathologic finding by itself is not diagnostic of the sign.
However, in the context of rapidly eruptive seborrheic
keratoses (particularly if other changes, such as acanthosis
nigricans or tripe palms, are also present), the microscopic
features can be supportive of the diagnosis of the sign of
Leser-Tr�elat.

Cushing’s Syndrome or Disease

There are numerous cutaneous changes in Cushing’s
syndrome or disease, including changes in distribution of
body fat, striae, hirsutism, addisonian pigmentation, and
steroid acne. The pigmentation occurswithpituitary tumors,
nonpituitary ACTH-secreting tumors, or in Nelson’s syn-
drome following bilateral adrenalectomy. In steroid acne,
there is an eruption of papules and pustules in the same
stages of development; comedones and cystic lesions as seen
in typical acne vulgaris do not occur. Nevertheless, none of
these conditions produces very specificmicroscopic findings,
and clinical data rather than cutaneous histopathology are
likely to create a suspicion of Cushing’s syndrome or disease
and lead to detection of an underlying tumor.

Carcinoid Syndrome

Carcinoid syndrome is another endocrinologic disorder in
which skin manifestations can accompany the underlying
tumor. This syndrome is seen in about 10% of cases of
patients with carcinoid tumors (163). It is associated with
flushing and rosacea-like dermatitis. With chronicity,
changes resembling pellagra or scleroderma can occur
(163); the former results because tryptophan metabolism
by tumor cells is diverted toward serotonin at the expense of
nicotinic acid formation. None of these changes in isolation
would be sufficiently specific microscopically to suggest
carcinoid syndrome in the absence of clinical data, though
biopsy findings could be supportive of the diagnosis. Rarely,
carcinoid tumors have arisen primarily in the skin (164).

n GENETIC SYNDROMES WITH
SKIN FINDINGS THAT ARE
POTENTIALLY DIAGNOSTIC

Multiple Endocrine Neoplasia

Clinical Findings

The multiple endocrine neoplasia (MEN) syndromes
include MEN 1, MEN 2a, and MEN 2b. Two of these,
MEN 1 and MEN 2b, are associated with significant

cutaneous findings. In MEN 1, there are tumors of the
pituitary, pancreatic islets, adrenal cortex, and parathyroid
glands; gastrinomas also occur. The cutaneous lesions
include facial angiofibromas of the type seen in tuberous
sclerosis, collagenomas, lipomas, caf�e au lait spots, and
hypopigmented macules (165, 166). This syndrome results
from a germline mutation of the MEN 1 gene on
chromosome 11 (166). Microscopic confirmation of these
types of cutaneous tumors, in the setting of endocrinologic
disorders, should raise the possibility of MEN 1. MEN 2a,
also known as the Sipple’s syndrome, is associated with
medullary carcinoma of the thyroid, parathyroid hyper-
plasia, and bilateral pheochromocytoma. It lacks signifi-
cant cutaneous findings, with the exception of notalgia
paresthetica, a pruritic condition of the scapular region that
can be associated with macular amyloidosis (167, 168).
MEN 2a is associated with a mutation in exon 10 or 11 of
the RET proto-oncogene on chromosome 10.

MEN 2b is characterized by marfanoid habitus,
characteristic facies, and multiple mucosal neuromas.
These patients have thick, everted lips and thickened
eyelids. Numerous neuromas are found on the lips, oral
commissures, tongue, gingivae, and buccal mucosa
(169, 170). These patients develop medullary carcinoma
of the thyroid, the most frequent ages of incidence being
between 8 and 18 years (171). Since the characteristic
facial changes can be detected at an early age (172),
preemptive management of the thyroid gland is possible.
These patients also develop pheochromocytomas and
intestinal ganglioneuromatosis. There is a mutation of
the RET proto-oncogene on chromosome 10, affecting the
tyrosine kinase domain (173).

Histopathology

The mucosal neuromas of MEN 2b feature fascicles of
Schwann cells and axons in haphazard array. This may
take on the appearance of tortuous, hypertrophied nerves
within the dermis or lamina propria that resemble
traumatic neuromas (174).

Specificity of Findings and Differential Diagnosis

The finding of one or more mucosal neuromas with the
above microscopic features, particularly in a young
individual and in the absence of a history of trauma,
should raise suspicions of MEN 2b and prompt further
investigations for thyroid carcinoma or other abnormal-
ities associated with the syndrome.

Neurofibromatosis

One of the best-known neurocutaneous syndromes is
type 1 neurofibromatosis, or von Recklinghausen’s
disease. This dominantly inherited trait is characterized
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by multiple cutaneous and subcutaneous neurofibromas,
caf�e au lait spots, axillary freckling, Lisch nodules of the
iris, and other findings (175). The responsible gene, the
NF1 gene, is found on chromosome 17 (176). In addition
to malignant peripheral nerve sheath tumor, neurofibro-
matosis has been linked to a number of other tumors,
including pheochromocytoma (177, 178), somatostatino-
ma (177, 179), osteosarcoma (180), xanthoastrocytoma
(181), and (possibly) malignant melanoma (182).

Microscopically, neurofibromas are usually readily
identifiable, featuring spindled cells with “buckled” or
S-shaped nuclei, small vessels, and numerous mast cells in
a delicate, sometimes mucinous stroma. This diagnosis is
not especially challenging, and sporadic neurofibromas
are certainly common. Nevertheless, a diagnosis of
neurofibroma (especially when occurring in the setting
of multiple cutaneous lesions in a young individual) can
trigger careful patient evaluation for the possibility of
neurofibromatosis and therefore promote surveillance for
the development of other associated tumors. Although it is
now known that the plexiform neurofibroma is not
pathognomonic for neurofibromatosis (183), the associa-
tion is nevertheless a strong one.

Xeroderma Pigmentosum

Clinical Findings

This genodermatosis is a classic example of an “experi-
ment of nature,” in which a relatively specific genetic
abnormality—inability to repair ultraviolet-damaged
DNA—results in a proneness to epithelial malignancy,
resembling the situation in chronically sun-exposed skin of
older adults. It is an autosomal recessive disorder
associated with development in early childhood of severe
sunburns, freckling, and atrophy, and the formation of
actinic keratoses, squamous cell carcinomas, and basal cell
carcinomas (Fig. 11). Other malignancies include malig-
nant melanomas, keratoacanthomas, and atypical fibrox-
anthomas (184, 185).

Xeroderma pigmentosum has been organized into
eight or more complementation groups, originally deter-
mined though hybridization studies in which cultured
fibroblasts from two different patients corrected each
other’s DNA repair defects (186). These groups show
varying degrees of deficiency in the ability to perform
excision repair of ultraviolet-damaged DNA at the
endonuclease step. Some of them are associated with
neurologic abnormalities, including mental retardation;
this is particularly the case in the De Sanctis-Cacchione
syndrome (187). There is also a variant form, originally
termed pigmented xerodermoid but now often referred to
as the XP variant, in which excision repair is normal but
there is defective postreplication repair, resulting from an
abnormality in converting low- to high-molecular weight

DNA following ultraviolet irradiation (188). The respon-
sible genes have been cloned for most of the complemen-
tation groups (189). The gene responsible for the XP
variant has been determined to be the POLH gene, located
on chromosome 6p21.1–6p12 (188). Aggressive preven-
tion of ultraviolet injury is a significant part of the clinical
management of these individuals (190).

Histopathology

The initial changes may be subtle and are often
appreciated only in retrospect. However, there is hyper-
keratosis, with irregularly distributed areas of epidermal
atrophy and rete ridge elongation and variable degrees of
basilar hypermelanosis (185, 191). Eventually, foci of
basilar keratinocyte atypia can be identified, and the
various types of tumors associated with the syndrome
begin to appear (Fig. 12).

Specificity of Findings and Differential Diagnosis

The key to making a diagnosis of xeroderma pigmentosum
is the recognition that tumors commonly associated with
adults—especially squamous cell carcinomas and basal
cell carcinomas—are appearing in childhood. When faced
with that possibility, it would be important to confirm the
age of the patient (misprints do occur on accession
forms!). Facial tumors with a surprising lack or sparsity
of solar elastosis might provide some corroborating
evidence. For those individuals who develop mainly basal
cell carcinomas, particularly in complementation groups
C and E, basal cell nevus syndrome would have to be
considered in the clinical differential diagnosis.

F I GUR E 11 Young patient with xeroderma pigmentosum. Note
freckling, atrophy, and formation of keratoses. The graft site denotes
previous excision and repair of a squamous cell carcinoma.
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Cowden’s Syndrome (Multiple Hamartoma Syndrome)

Clinical Findings

Cowden’s syndrome is an autosomal dominant disorder in
which a variety of benign cutaneous and subcutaneous
tumors are associated with carcinomas of the breast,
thyroid gland, and other sites (192). Among the more
common mucocutaneous lesions are trichilemmomas and
tumors of the follicular infundibulum, particularly involv-
ing the facial region (193), oral fibromas, nonspecific
keratoses of the dorsa of hands and wrists, and punctate
keratoses of the palms. Other specific lesions that have
been identified in Cowden’s syndrome include inverted
follicular keratoses (194), sclerotic fibromas of skin and
oral mucosa (195), and a sclerotic lipoma (196). The
syndrome has been linked to a mutation in a tumor
suppressor gene known as PTEN on chromosome 10
(197). The Bannayan-Riley-Ruvalcaba syndrome, consist-
ing of macrocephaly, lipomas, and delayed development,
is associated with mutations of the same gene. It has been
proposed that this may be the same disorder, but with a
different expression and onset in childhood (198).

Histopathology

Trichilemmomas are lobulated epithelial tumors display-
ing outer root sheath differentiation. They feature clear
cells, slightly exaggerated palisading of the basilar layer,
and an underlying cuticular basement membrane zone
(Fig. 13) (199). The surfaces of these tumors may be wart-
like, but evidence for HPV infection in these lesions is
lacking (200). The tumor of the follicular infundibulum
consists of a subepidermal, plate-like epithelial structure
often showing multiple connections to the overlying
epidermis. Follicular units may merge with the lower

surface of the plate-like epithelial growth, which itself may
have some features resembling trichilemmoma (201).
Inverted follicular keratoses resemble irritated seborrheic
keratoses and include spongiosis as well as squamous eddy
formation, but in contrast to that lesion, they have an
endophytic growth pattern (194). The sclerotic fibroma
consists of nodular aggregates of laminated homogeneous,
eosinophilic collagen with a “wood grain” appearance,
and low cellularity (Fig. 14) (202). The sclerotic lipoma is
a subcutaneous tumor featuring adipocytes within a
fibrosclerotic matrix (196, 203).

F IGURE 13 Trichilemmoma, one of the tumors commonly seen in
Cowden’s syndrome. Note the lobulation, exaggerated palisading of the
basilar layer, and cuticular basement membrane zone.

F IGURE 14 Detail of a sclerotic fibroma, showing the ‘‘wood grain’’
appearance of dermal collagen.

F IGURE 12 A moderately to poorly differentiated squamous cell
carcinoma of the skin that arose in the patient shown in Figure 11.
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Specificity of Findings and Differential Diagnosis

Although characteristic of Cowden’s syndrome, none of the
above-mentioned tumors, in isolation, would be specific for
that diagnosis. The pathologist is most likely to contribute
to recognition of the syndrome through the realization that
multiple such tumors exist. This may happen because an
astute clinician recognizes that there are multiple similar
cutaneous lesions, or because the pathologist has diagnosed
multiple trichilemmomas, sclerotic fibromas, and so on, in
the same individual or his/her relatives.

Gardner’s Syndrome

Clinical Findings

Gardner’s syndrome is an autosomal dominant disorder
characterized by colonic and rectal polyps, in association
with epidermal cysts, desmoid tumors, fibromas, and
other noncutaneous anomalies that include osteomatosis,
dental abnormalities, and congenital hypertrophy of
retinal pigment epithelium (204, 205).

The gastrointestinal polyps are adenomatous, and
carcinomas develop in 50% of patients (206). Gastric,
duodenal, and small intestinal polyps may also develop.
The epidermal cysts may be large and disfiguring and are
often located on the face. Abdominal and extra-abdominal
desmoid tumors are seen, as is the lesion termed nuchal
fibroma, which typically presents as an area of induration
on the posterior neck. However, in Gardner’s syndrome,
these may be multiple and found in other areas such as the
back, face, scalp, and chest wall (207).

Gardner’s syndrome and familial polyposis of the
colon result from mutations in the adenomatosis-
polyposis gene (APC gene), a tumor suppressor gene
located on chromosome 5q21 (208).

Histopathology

The epidermal cysts of Gardner’s syndrome may be
unique, because they sometimes show pilomatrixoma-like
changes. These consist of portions of cyst wall–containing
basaloid cells that show intraluminal transition to
eosinophilic “shadow” cells with loss of nuclei—evidence
for primitive hair matrix differentiation (Fig. 15)
(209, 210). Fibromas of the nuchal fibroma type display
thick collagen bundles that are continuous with the lower
dermis and largely replace the subcutaneous adipose tissue
(211). These lesions are typically paucicellular, but the
cells that are present often express CD34 (212).

Specificity of Findings and Differential Diagnosis

Since both the nuchal-type fibromas and the cysts with
pilomatrical changes can occur in childhood, these may
represent sentinel signs of Gardner’s syndrome, and

therefore their recognition may trigger an investigation for
intestinal polyposis at an early stage. A provisional
diagnosis ofGardner’s syndrome (later proven to be correct)
has also been made on the basis of finding a large epidermal
cyst and desmoid tumor in a particular patient.

Peutz-Jeghers Syndrome

Clinical Findings

Peutz-Jeghers syndrome is a well-recognized, autosomal
dominant disorder combining periorificial and acral
pigmented macules with gastrointestinal polyposis,
melena, and intussusception. There does not appear to
be as high an incidence of gastrointestinal cancer as is
the case in Gardner’s syndrome, in part because the
polyps are largely hamartomatous rather than adenoma-
tous. However, malignancies are well documented,
especially above the ligament of Treitz and in the colon
(213, 214). In addition, cancers of other sites have been
reported, including the breast, lung, kidney, uterus, and
cervix (214).

The pigmented macules are present at birth or during
childhood and are located over the vermilion borders of
the lips (Fig. 16), oral mucosa, perianal area, and the
fingers and toes (215). Pigmented streaks are also found
on the nails (216). These features can be quite similar to
those of a sporadic or familial condition known as the
Laugier-Hunziker syndrome, though pigmentation in the
latter begins after puberty, and the systemic abnormalities
associated with Peutz-Jeghers syndrome are not observed
(217, 218). In Peutz-Jeghers syndrome, the pigmented
macules on the face fade with age.

F IGURE 15 A portion of the wall of an epidermal cyst from a patient
with Gardner’s syndrome. Projecting into the lumen is a column of
shadow cells, underlain by a band of basaloid cells. This represents
evidence for primitive hair matrix differentiation as seen in pilomatrixoma.
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In many, but not all, cases of Peutz-Jeghers syndrome,
there is aberrant expression of the tumor suppressor gene
STK11 located on chromosome 19 (219).

Histopathology

The skin and mucosal lesions show basilar hypermela-
nosis, though there is controversy over the issue of
whether or not melanocytes are increased per unit area
(220, 221). There may also be regional variations in
pigment transfer from melanocytes to keratinocytes as
discerned ultrastructurally (220).

Specificity of Findings and Differential Diagnosis

It is doubtful that the pathologist would be in a position to
diagnose, or even to suggest the diagnosis of, Peutz-
Jeghers syndrome based upon biopsy findings alone, but
certainly the microscopic findings could provide corrob-
orative evidence when interpreted in the light of the
clinical findings. Not only could the lesions microscopi-
cally resemble those of Laugier-Hunziker syndrome, and
probably those of Cronkhite-Canada or multiple lenti-
gines syndromes, but they would also have features similar
to isolated lentigines or labial melanotic macules, sporadic
lesions also characterized by basilar hypermelanosis.

Muir-Torre Syndrome

Clinical Findings

The Muir-Torre syndrome was first recognized in the late
1960s. It is an autosomal dominant disorder in which
sebaceous tumors are associated with carcinomas, partic-
ularly of the gastrointestinal and genitourinary tracts
(222, 223). The visceral tumors may show a surprisingly

indolent clinical course (224, 225). Recognition of the
cutaneous lesions can either precede or follow the first
manifestations of internal malignancy.

The sebaceous tumors are most often classified as
sebaceous adenomas or sebaceomas, but also seen are basal
cell carcinomas with sebaceous differentiation, sebaceous
carcinomas, and sebaceous tumors that are difficult to
categorize (226). Keratoacanthomas have also been re-
ported in the syndrome (227). Microsatellite instability is
detected in the cutaneous tumors, resulting from inactivat-
ing mutations of DNA mismatch repair genes (228).

Histopathology

The microscopic features of the sebaceous tumors often
closely resemble those of their sporadic counterparts.
Thus, the sebaceous adenomas show circumscribed
lobules of sebaceous cells with a greater proportion of
basaloid, germinative cells than would be encountered in
normal sebaceous glands (Fig. 17) (229). The sebaceoma
features islands of predominantly basaloid cells with
randomly scattered sebaceous cells (230). Sebaceous
carcinomas show dermal infiltration by atypical basaloid
or squamoid cells, some of which exhibit the vacuolated
cytoplasm of sebaceous cells (229). Yet, a number of these
tumors are difficult to classify, and may show cystic foci,
solid sheets of basaloid cells, or other changes (231). The
“keratoacanthomas” associated with the syndrome are
not quite typical either, and may contain sebaceous
elements not observed in sporadic keratoacanthoma
(231). In tumors where the sebaceous aspect is difficult
to discern, staining for epithelial membrane antigen or

F IGURE 17 Microscopic features of sebaceous adenoma, a lesion
frequently encountered in Muir-Torre syndrome. Note the prominence of
the basaloid, germinative cells.

F IGURE 16 Pigmented macules of the lips in a patient with Peutz-
Jeghers syndrome.
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androgen receptor may be helpful (232). Lipid stains are
worthwhile only when the diagnosis is anticipated and/or
frozen sections are available.

The presence of a mutation in one of the mismatch
repair genes, a fundamental feature of Muri-Torre
syndrome, can be exploited immunohistochemically.
Stains for MLH1, MSH2, or MSH6 are most often
employed for this purpose. Lack of expression of one of
these antigens, with appropriate controls, can confirm the
presence of a mutation and closely correlates with
microsatellite instability (233–235).

Specificity of Findings and Differential Diagnosis

It has been suggested that the finding of one sebaceous
adenoma should raise concerns regarding the Muir-Torre
syndrome. Certainly the entire spectrum of established
sebaceous tumors can occur sporadically, with no apparent
association with visceral malignancy. However, patholo-
gists can clearly play an important role in the early
recognition of this syndrome, either through the realization
that there have been multiple such tumors in a patient, or
through recognition of sebaceous tumors with unusual
configurations (e.g., cystic or solid basaloid forms) (236).
When suspicions have been raised, staining for expression
of mismatch repair genes can confirm the diagnosis of
Muir-Torre syndrome and initiate cancer surveillance.

n PARANEOPLASTIC SYNDROMES
WITH GENERALLY NONDIAGNOSTIC
SKIN FINDINGS

AIDS

AIDS has been associated with a variety of cutaneous
manifestations, including infectious diseases (molluscum
contagiosum, lesions induced by human papillomavirus,
mycobacterial infection, candidosis, scabies), neoplasms
(with infection, in the case of Kaposi’s sarcoma), and
inflammatory dermatoses (exacerbations of psoriasis and
seborrheic dermatitis, and eosinophilic folliculitis). It has
also been linked to a number of malignancies. Some of
these are termed “AIDS-defining” malignancies, and
include Kaposi’s sarcoma, non-Hodgkin’s lymphoma,
and cervical cancer (237). The lymphomas include diffuse
large B-cell lymphoma, Burkitt’s lymphoma (238), and two
conditions that are relatively specific for HIV infection:
primary effusion lymphoma and plasmablastic lymphoma
of the oral cavity (239). Tumors that are not considered
“AIDS-defining” but are significantly related to HIV
infection include Hodgkin’s disease, carcinomas of the
lung and anus, nonmelanocytic skin cancers, and testicular
germ cell tumors (237). As survivals have improved with

antiretroviral therapy, there may be an increasing incidence
of these non-AIDS-defining cancers (240). Through the
detection of opportunistic infections, Kaposi’s sarcoma, or
severe dermatoses in previously healthy individuals, the
pathologist may suggest the possibility of virally mediated
immunosuppression, leading to early diagnosis and therapy
of HIV-infected individuals and close surveillance for the
possible development of malignancy.

Amyloidosis

It is well known that multiple myeloma can be associated
with amyloid deposits in the skin. These present as waxy
papules and plaques, particularly in the periorbital areas,
but they also appear on other parts of the face, scalp, and
neck. Hemorrhage occurs with minor trauma, a finding
often referred to as pinch purpura. On biopsy, deposits of
eosinophilic, amorphous, fissured material are seen within
the dermis and subcutis, often surrounding vessels or
adipocytes (“amyloid rings”). Subcutaneous deposits can
be found in apparently uninvolved abdominal skin, with a
high yield of positive results among those with systemic
amyloidosis (241). The amyloid material stains positively
with Congo red (with the characteristic apple-green
birefringence under polarized light), stains metachromati-
cally with crystal violet, and shows greenish fluorescence
with thioflavin T. In contrast to secondary amyloidosis,
the amyloid of primary amyloidosis retains its affinity for
Congo red despite pretreatment of sections with potas-
sium permanganate (242). The amyloid can be shown to
be light chain derived. The finding of amyloid deposits in
skin with these characteristics should raise the possibility
of primary systemic amyloidosis and/or multiple myelo-
ma. One possible confounding problem might be created
by the lesions of nodular amyloidosis confined to skin;
these also contain light chain–derived amyloid, and
monoclonality of the associated plasma cells has been
reported (243, 244). The other primary cutaneous
amyloid deposits, manifesting as macular amyloidosis
and lichen amyloidosus, are keratin derived.

Cryoglobulinemia

Cryoglobulinemia, particularly the monoclonal or type 1
variant, is associated chiefly with multiple myeloma, but it
also occurs with macroglobulinemia of Waldenström and
chronic lymphocytic leukemia (245). An essential form also
exists. Cutaneous lesions include purpura, ulcerations,
and livedo reticularis; a case of generalized livedo
reticularis has recently been reported (246). Type 2, or
mixed cryoglobulinemia, contains a monoclonal compo-
nent with antibody activity against polyclonal IgG (247).
Type 3 cryoglobulins are comprised of mixed poly-
clonal immunoglobulins that may be combined with
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nonimmunoglobulin molecules (247). Mixed cryoglobuli-
nemia is most often associated with autoimmune and viral
diseases, but type 2 cryoglobulins are sometimes identified
in patients with macroglobulinemia of Waldenström.
Palpable purpura, polyarthralgia, and glomerulonephritis
have been associated with the mixed form of the disease
(248). On biopsy, monoclonal cryoglobulinemia shows
deposits of amorphous, eosinophilic material within
dermal vessels, while mixed cryoglobulinemia shows
changes of leukocytoclastic vasculitis (249). Combi-
nations of intravascular deposits and vasculitic changes
have been observed in some examples of cryoglobulinemia,
but have also been seen in vasculitis due to infection:
specifically, gonococcemia. Rarely, crystal formation can
occur within small vessels. This phenomenon, called
cryocrystalglobulinemia, has a strong association with
myeloma or monoclonal gammopathy.

There are numerous possible causes of cutaneous
vasculitis and/or thrombosis, and cryoglobulinemia is not
the most common among these. Nevertheless, this
disorder should always be considered within the differ-
ential diagnosis, leading in some cases to appropriate
laboratory studies and (particularly in the case of
monoclonal cryoglobulinemia) to a consideration of
monoclonal gammopathy.

Erythema Multiforme

Although malignancy has rarely been linked to erythema
multiforme (250), there are few well-documented cases,
and it may well be that past examples of this association
actually represented paraneoplastic pemphigus, which
is now known to have considerable clinical and histo-
pathologic resemblances to erythema multiforme.
Histopathologic changes have been reported resembling
erythema multiforme in patients with underlying lympho-
ma (among other disease associations), but these patients
presented clinically with exfoliative dermatitis; their skin
disease might better be categorized as exfoliative lichenoid
dermatitis (251). Erythema multiforme has also developed
secondary to radiation therapy for malignancy (252, 253).

Exfoliative Dermatitis

Exfoliative dermatitis, or erythroderma, has been reported
in association with lymphomas, leukemias, and Hodgkin’s
disease (Fig. 18) (254). However, the best-documented
association with malignancy is seen in cutaneous T-cell
lymphoma, where erythroderma is an integral part of the
S�ezary syndrome (255). In fact, it has been argued that
cases of erythroderma that had been linked to chronic
lymphocytic leukemia were most likely examples of the
S�ezary syndrome (256). However, there are well-docu-
mented associations with Hodgkin’s disease and even

(rarely) with solid tumors, including carcinomas of the
stomach, liver, prostate, lung, thyroid, and gall bladder
(254, 257). Exfoliative dermatitis can precede, follow, or
present at the same time as the underlying malignancy. In
some cases, removal of a solid tumor has resulted in
clearing of the dermatitis (257).

But exfoliative dermatitis develops even more com-
monly in patients who do not have malignancies. In fact, it
is most often associated with drug reaction or a preexist-
ing dermatosis, such as psoriasis, contact dermatitis, or
stasis dermatitis, and a number of cases are idiopathic
(258, 259). Lymphadenopathy commonly accompanies
exfoliative dermatitis and is not necessarily an indicator of
underlying malignancy. Microscopically, there are usually
parakeratosis, acanthosis with mild spongiosis, vaso-
dilatation, and a chronic inflammatory infiltrate—findings
that are suggestive of exfoliative dermatitis but are
otherwise nonspecific (Fig. 19). Occasionally, a lichenoid
tissue reaction pattern can be identified (251). Atypical
lymphocytes and/or Pautrier microabscesses would pro-
vide a clue to the diagnosis of S�ezary syndrome, or
occasionally the changes may be sufficiently specific to
suggest an underlying dermatosis such as psoriasis.
Certainly, the development of a persistent exfoliative
dermatitis, in the absence of a clear explanation, should
prompt investigations into the possibility of an underlying
malignancy, particularly S�ezary syndrome.

Herpes Zoster

Herpes zoster infection appears to have an association
with malignancy, particularly Hodgkin’s disease, non-
Hodgkin’s lymphoma, and chronic lymphocytic leukemia,

F IGURE 18 Exfoliative dermatitis (erythroderma) with involvement of
the abdominal region. This condition can accompany malignancy, but
can also be associated with drug reaction or a preexisting dermatosis,
such as psoriasis or contact dermatitis.

C H A P T E R 2 � Paraneoplastic Syndromes Associated with MCUOs 59



in addition to carcinoma of the breast subjected to
radiation therapy. A recent retrospective study from
Malaysia has shown an incidence of 5% among children
with malignancy, particularly leukemia (260). However, a
number of studies have failed to demonstrate that herpes
zoster is a marker for occult malignancy (261–263). Dis-
seminated zoster does accompany malignancy and may
be explained in part by immunosuppression, including
reduction in circulating antibody levels against the
varicella-zoster virus (264).

Ichthyosis

Acquired ichthyosis in adults is frequently associated with
malignancy. The malignant process is most often a
lymphoma, Hodgkin’s disease being more common than
non-Hodgkin’s lymphomas (265). It has also been reported
in associationwith lymphomatoid papulosis (266), multiple
myeloma (267), and uncommonly with solid tumors such
as carcinoma of breast and lung (268). Ichthyosis in this
setting usually arises in patients with established malignant
disease, although it may occasionally be the initial
manifestation. However, there are other causes of acquired
ichthyosis, including malnutrition, hypothyroidism, sarcoi-
dosis, and drugs such as nicotinic acid and clofazimine.

Microscopically, skin biopsies show compact ortho-
keratosis, a lack of spongiosis unless secondary eczema-
tization has occurred, and minimal dermal inflammation.
The granular cell layer is often attenuated or absent,
mimicking the image of the genodermatosis, ichthyosis
vulgaris (Fig. 20). Some cases of ichthyosis associated with
myeloma have also presented with follicular keratotic

spicules; biopsy of such lesions has demonstrated inter-
cellular deposition of cryoproteins (267). Certainly,
ichthyosiform biopsy changes in adults, in the absence of
a long-term or familial history, should raise the possibility
of underlying malignancy, though as noted above, there
are other possible explanations for this finding.

Insect Bite-Like Reactions in Hematologic Malignancies

The development of lesions resembling arthropod bites,
though without the typical history or clinical course of true
arthropod bites, has been reported in patients with
leukemias and lymphomas. Best known as an accompani-
ment of chronic lymphocytic leukemia, these reactions
have also been seen in acute lymphoblastic leukemia, acute
monocytic leukemia, large cell lymphoma, myelofibrosis
(269), and mantle cell lymphoma (269–271). These lesions
most often arise in patients with established malignancy,
but they can precede the diagnosis of lymphoma/leukemia
by several years, and on occasion, their development
has even led to the diagnosis of malignancy (270).
Microscopically, there are varying degrees of spongiosis,
sometimes with intraepidermal vesicle formation, along
with papillary dermal edema and a perivascular, periad-
nexal, and interstitial dermal infiltrate containing mono-
nucleated cells and eosinophils (Fig. 21) (271). The
infiltrating lymphocytes predominantly mark as T cells,
and clonality has only rarely been detected in the lesions
(269). In one case, dapsone was employed in the clinical
management of the skin lesions (272). Although the
microscopic findings alone would not generally elicit a
suspicion of underlying malignancy, lesions of long
duration without a supportive history of arthropod injury
may raise the possibility of a hematologic neoplasm.

F IGURE 20 Microscopic findings in a case of acquired ichthyosis. Note
the compact orthokeratosis and markedly attenuated granular cell layer.

F IGURE 19 Histopathologic features in a case of exfoliative dermatitis.
Note the focal lack of stratum corneum, spongiosis, and acanthosis. These
changes would be considered nonspecific; they could accompany
malignancy, but might also be encountered in cases that are idiopathic
or the result of an underlying eczematous dermatitis.
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Tylosis

Tylosis, or keratosis palmaris et plantaris, can occur in a
wide variety of genetic disorders. It can also arise as an
acquired disease in a number of ways, e.g., following
arsenic exposure, as keratoderma climactericum, or as an
accompaniment of other dermatoses such as pityriasis
rubra pilaris. Clinically the hyperkeratosis can be diffuse,
focal or nummular, or punctate (Fig. 22). Acquired
tylosis can also be associated with internal malignancies

of varying types, ranging from lymphoma (273) to
bronchogenic carcinoma (274). In fact, tripe palms
may be regarded as a variant of palmar keratoderma.

Tylosis has also been associated with gastrointestinal
carcinoma as part of a familial syndrome. The best known
is the Howel-Evans syndrome, associating tylosis with the
development of esophageal carcinoma (275). The genetic
locus for tylosis with esophageal cancer has been mapped
to a 500 kb region on chromosome 17q25, though work
continues on identification of the precise locus of the
responsible gene (276–278). In 1984, Bennion and
Patterson reported on a family with punctate keratoderma
of palms and soles and carcinomas of the colon and
pancreas (279). Microscopically, forms of keratoderma
show orthokeratosis, variable parakeratosis, hypergranu-
losis, and acanthosis. In punctate variants, a degree of
keratin plugging can also be observed (280). Underlying
malignancy should be included in the differential diag-
nosis of conditions associated with acquired keratoderma
of palms and soles, though it is not the most common.
Although Howel-Evans keratoderma begins in childhood,
it tends to be later in onset than is the case for benign
hereditary keratoderma.

n SELECTED GENETIC SYNDROMES
WITH GENERALLY NONDIAGNOSTIC
SKIN FINDINGS

Common Variable Immunodeficiency

Common variable immunodeficiency (CVID) can demon-
strate both autosomal dominant and autosomal recessive
inheritance. It is characterized by late onset (defined as
occurring after 24 months of age, but in reality often
beginning in young adult life) of deficient humoral immune
function. This manifests as susceptibility to infections and
reduced responses to polysaccharide vaccines. Most in-
fections are sinopulmonary, but there are also gastro-
intestinal symptoms such as bloating, diarrhea, and
malabsorption, and autoimmune phenomena including
disorders resembling rheumatoid arthritis or lupus eryth-
ematosus (281–283). These patients are also at risk for
developing malignancy, particularly non-Hodgkin’s lym-
phoma, though Hodgkin’s disease and solid tumors have
also been reported. Low serum levels of IgG and other
immunoglobulins can be demonstrated. Testing is available
for the TACI and ICOS genes, found in a minority of
individuals with the syndrome. Tumor necrosis factor-a is
elevated in these patients, and its inhibition may be helpful
in ameliorating the disease (284).

The most frequently reported cutaneous lesions
associated with CVID are granulomas, which are described
as sarcoidal or caseating in appearance (285–287), with

F IGURE 22 Tylosis (keratosis palmaris et plantaris), punctate type. In
this case, there was a family history of both gastrointestinal carcinoma
and tylosis.

F I GUR E 21 Insect bite-like reaction in a patient with chronic
lymphocytic leukemia. There is marked spongiosis with intraepidermal
vesiculation, and a dermal inflammatory infiltrate containing eosinophils.
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some exceptions (288). Alopecia universalis is regarded as
one of the autoimmune phenomena that can occur in this
disorder. Other reported conditions include lesions of
epidermodysplasia verruciformis (289), pityriasis lichen-
oides (290), and myofibroblastic tumors (291). It is
unlikely that the disorder would first be discovered by
diagnosing one of these cutaneous lesions, but certainly
such findings, in the context of recurrent sinopulmonary
infections, would lend support to a diagnosis of CVID.

Wiskott-Aldrich Syndrome

This is an X-linked recessively inherited disorder consisting
of a widespread eczematous dermatitis, thrombocytope-
nia, and a propensity for recurrent viral, bacterial, and
fungal infections. Serum IgM levels are low and there may
be elevated levels of IgA and IgE. About 12% of patients
develop malignancy, primarily immunoblastic large cell
lymphomas, although Hodgkin’s disease and leukemias
have also been reported (292). The genetic defect is located
on Xp11.22–23 and affects a protein termed the Wiskott-
Aldrich syndrome protein (WASp) (293). This protein may
act as a bridge between signaling and movement of actin
filaments in the cytoskeleton, affecting a variety of cellular
functions in cells of hematopoietic lineage. The micro-
scopic features of the eczematous dermatitis are spongiotic
in nature, closely resembling those of atopic dermatitis,
and in the absence of other data, they would not be
regarded as being diagnostic of the syndrome.

n SPECIFIC DERMATOSES SOMETIMES
ASSOCIATED WITH MALIGNANCY

Bullous Pemphigoid

Pemphigoid is a blistering eruption that occurs typically,
but not exclusively (294), in elderly adults. It is
characterized by tense bullae arising on erythematous
or normal skin, particularly over the trunk, intertrigi-
nous areas, and flexural surfaces (Fig. 23). Urticarial
lesions also occur and may precede the development of
bullae. Autoantibodies develop to components of the
epidermal basement membrane zone, particularly to 230
and 180 kd antigens. Microscopically, the characteristic
finding is that of a subepidermal blister with a dermal
infiltrate that often contains numerous eosinophils
(Fig. 24), though inflammatory infiltrates can also be
sparse to virtually absent. Direct immunofluorescence
shows linear deposits of IgG and C3 along the dermal–
epidermal junction.

Malignancies of a variety of types have been reported
among patients with pemphigoid, including lymphomas
(295) and solid tumors (296, 297). This has raised the

F IGURE 23 Clinical features in a case of bullous pemphigoid.

F IGURE 24 Medium power magnification of a subepidermal blister in
a case of bullous pemphigoid. The base of the epidermis can be seen at
the top of this photomicrograph. Numerous eosinophils are identified in
the blister cavity.
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question of whether the disorder might be a paraneo-
plastic phenomenon. Interest in this possible association
increased when it was recognized in some studies that the
incidence of malignancy in pemphigoid seemed to be
increased among those with negative serology (negative
indirect immunofluorescent studies) (298, 299). However,
a study by Ahmed and Amerian failed to confirm this
association (300), and other studies have not shown an
increased incidence of internal malignancy in pemphigoid
patients when compared to the general population
matched for age and sex (301). It seems likely that the
reported associations with tumors may simply reflect the
advanced age of many of the patients with pemphigoid.
Based upon the evidence to date, the diagnosis of
pemphigoid, by itself, should not prompt an extensive
search for malignant neoplasms.

Herpes Gestationis

Now more commonly termed pemphigoid gestationis in
view of its close relationship to bullous pemphigoid, this is
a vesiculobullous dermatosis associated with pregnancy. It
typically begins in the second or third trimester as
urticarial plaques with the evolution of blisters over the
trunk and extremities (Fig. 25). Although it usually
subsides shortly after delivery, it can sometimes persist
for months or years (302). An IgG

1
circulating antibody is

directed against a 180 kd antigen shared by placental
matrix and the epidermal basement membrane zone (303).
Microscopic findings include pronounced papillary der-
mal edema, subepidermal separation, and an infiltrate

containing eosinophils (Fig. 26). Direct immunofluores-
cence studies show linear C3 and, sometimes, IgG
deposition along the dermal–epidermal junction.

An association between herpes gestationis and cho-
riocarcinoma, though rare, has been reported on a number
of occasions (304–307). While a diagnosis of herpes
gestationis should not automatically generate a search for
this malignancy, other clinical findings may raise the
possibility. This is underscored by a recent case of a biopsy
received from a young woman with the microscopic and
immunofluorescent characteristics of pemphigoid. Her
young age led us to suggest the possibility of herpes
gestationis, despite the initial history that she was not
pregnant. Further inquiry disclosed that she had recently
experienced an aborted pregnancy, and a subsequent
workup demonstrated the presence of a choriocarcinoma;
the tumor was treated successfully.

Dermatitis Herpetiformis

Dermatitis herpetiformis is a blistering dermatosis that
presents as extremely pruritic, grouped vesicles over
extensor surfaces (Fig. 27). It has a strong association
with gluten-sensitive enteropathy. IgA antibodies, perhaps
formed in the gut, are believed to bind to microfibrillar
bundles in the papillary dermis, resulting in complement
activation and attraction of neutrophils (308, 309). The
characteristic microscopic changes are neutrophilic micro-
abscesses in the dermal papillae with subepidermal
clefting (Fig. 28). On direct immunofluorescence, granular
IgA deposition is identified in the dermal papillae.

F IGURE 25 Herpes gestationis. Urticarial plaques with early blister
formation are present on the trunk.

F IGUR E 26 Microscopic image of herpes gestationis. Note the
marked papillary dermal edema, sufficient to produce subepidermal
separation.
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Malignancy has been reported in dermatitis herpeti-
formis, the most significant type being enteropathy-
associated non-Hodgkin’s lymphoma, as also seen in
patients with celiac disease who do not have dermatitis
herpetiformis (310, 311). Recent population studies seem
to indicate, at most, only a slightly increased cancer risk
among patients with dermatitis herpetiformis and an actual
decrease in mortality (312, 313). There is good evidence
for a protective role for gluten-free diet (310, 311, 314, 315).
For this disease, the surgical pathologist’s role is mainly
one of establishing or substantiating the diagnosis of
dermatitis herpetiformis; this in turn sets up the appro-
priate treatment and long-term clinical surveillance for
possible complications, including lymphoma.

Multicentric Reticulohistiocytosis

This uncommon histiocytic proliferative disorder is
associated with a widespread papulonodular eruption
and a severe arthritis, involving particularly the interpha-
langeal joints of the hands. Microscopically, the cutaneous
lesions show a dermal infiltrate of mono- and multi-
nucleated cells with eosinophilic “ground glass” cyto-
plasm and nuclei with distinct chromatin rims and
prominent nucleoli (Fig. 29). These cells express macro-
phagic markers such as CD68 and HAM-56, and are
sometimes factor XIIIa positive (316). Spontaneous
regression may occur after a period of years, though
residual damage to joints may persist.

Malignancies have been reported in up to 25% to
30% of cases. There have been a variety of types,
including mesothelioma (317), carcinoma of the breast
(318), and papillary serous carcinoma of the endometrium
(319). However, multicentric reticulohistiocytosis has
not been established as a paraneoplastic disorder (319),
probably, at least in part, due to a selection bias
introduced by those cases that appear in the literature.
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n INTRODUCTION

Paraneoplastic (Greek, “from a new creature”) syndromes
constitute one of the most fascinating topics in oncology,
if not all of medicine (1–17). They comprise a constella-
tion of pathologic changes seen in patients with malig-
nancies, which are not related directly to tumor growth in
a mechanical or topographical sense. Instead, such
alterations represent the elaboration of diverse exportable
molecules by the neoplastic cells—many of which are still
poorly characterized—that have physiological effects on
distant organs or tissues. Those changes may precede or
postdate overt manifestations of the responsible tumor,
and, as such, are important not only to treating
oncologists but to all other physicians caring for the
patients in question. Moreover, paraneoplastic phenom-
ena can be the overwhelmingly dominant expression of a
malignancy; for example, rather small, localized neuro-
endocrine carcinomas (NECs) that synthesize adrenocor-
ticotrophic hormone (ACTH) may nonetheless produce
florid changes of Cushing’s syndrome (18).

In the context of this monograph, regarding metastatic
carcinomas of unknown origin (MCUO), paraneoplasias
are germane in three respects. First, particular types of
paraneoplastic syndromes (PSs) may be linked preferen-
tially to relatively narrowly defined subsets of MCUO.
Therefore, they can provide possible clues to the site of
primary tumor growth. Second, reflecting the fact that the
PSs themselves may be the major sources of clinical
morbidity, one must always remember to screen patients
with such disorders for underlying malignancies. Finally,

paraneoplasias often complicate the choice of therapy
offered to MCUO patients, because their physiological
effects may overlap with those produced by various
medications and other interventions.

n VETERINARY PARALLELS OF HUMAN
PARANEOPLASIA

PSs are not unique to human beings; many reports have also
been made in the veterinary literature of similar conditions
in nonhuman vertebrates (19–25). In specific reference to
carcinomas in such hosts, paraneoplastic hypoglycemia has
been documented—owing to tumor production of insulin-
like peptides—in dogs with hepatocellular carcinoma (26),
and in horses and dogs with renal cell carcinoma (RCC)
(27, 28). Pancreatic endocrine tumors in cats and dogs are
capable of synthesizing insulin itself, with comparable
clinical results (29). Tumor-related hypercalcemia has
appeared in connection with apocrine carcinoma in dogs
and pulmonary carcinomas of several histotypes in cats
(30, 31). Various hematologic disorders and coagulopa-
thies may accompany malignant renal, hepatic, or lung
tumors in vertebrate animals in various genera, as may
paraneoplastic pemphigus, necrolytic dermatitis, sclero-
derma, and hypertrophic osteoarthropathy (HOA)
(19, 20, 23, 32–35). Finally, Stauffer’s syndrome, also
known as paraneoplastic hepatopathy, has been associated
with RCC in dogs (36), as it is in humans.

As is true in people, paraneoplasias in animals do not
necessarily manifest themselves at a clinical level in
concurrence with the responsible tumor, but may instead
produce metachronous symptoms and signs. Patho-
physiological mechanisms for the assorted paraneoplastic
conditions cited above also appear to be comparable
between organisms in different genera and species. These
similarities are certainly biologically intriguing. They also
provide possible substrates for models of human paraneo-
plastic conditions, including those that are seen in the
context of MCUO, which could be utilized in future
studies of pathophysiologic mechanisms and treatment.

n SPECIFIC CATEGORIES OF HUMAN PSS

Human PSs can be categorized into several mechanistic or
organ system–related groups. Any or all of them may
affect patients with MCUO.



Systemic Paraneoplasias

Several paraneoplastic conditions are systemic, in the
sense that their symptoms and signs do not have an
etiology in a clearly defined anatomic site. Moreover,
the mechanisms of such problems are rather vague,
and they may well relate to more than one pathophysio-
logical pathway.

Paraneoplastic Fever

Fever—in the absence of a definable infection—represents
a relatively common paraneoplastic condition in patients
with malignancies (37–42). It may be continuous or
assume a cyclic pattern, appearing at relatively the same
time each day and remitting spontaneously in the interim.
On the other hand, several days or weeks may separate
febrile from afebrile periods. The fever in malignancy is
typically not above 101˚F or 102˚F, and it may or may not
be accompanied by rigors and sweats (38).

As should be done for any other fever of unknown
origin, a thorough clinical evaluation must be undertaken
that includes evaluations for infection, a survey of
medications, and clinicopathologic assessments for possi-
ble collagen vascular disease or vascular thrombosis. Only
if all of these are negative is it permissible to label a patient
as having paraneoplastic pyrexia (43).

Underlying tumors are relatively varied in nature;
indeed, virtually any neoplasm may cause the problem in
question. Overall, paraneoplastic fever is most closely
linked with lymphohematologic malignancies. Among
solid neoplasms, however, cancers of the head and neck,
kidney, lung, and breast most often cause elevations in
temperature (38).

The mechanism of paraneoplastic pyrexia is still
poorly characterized. Nevertheless, because fever in this
context is reproducibly ameliorated by nonsteroidal anti-
inflammatory medications (44, 45), a cytokine-induced
pathway is generally accepted at this point. It is unknown
whether the tumors themselves or secondarily recruited
inflammatory cells are responsible for release of the
putative mediators.

The principal differential diagnosis for paraneoplastic
fever in MCUO cases is with infection. Penel et al. have
addressed this issue specifically (46, 47), with regard to
laboratory tests that might distinguish between the two
possibilities. They found that neither C-reactive protein
nor procalcitonin serum levels were capable of making
this separation, and that conventional microbiological
testing is still necessary to do so.

The treatment of paraneoplastic pyrexia is, as stated
earlier, predicated on the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) such as naproxen, indome-
thacin, diclophenac, and ibuprofen (45). Indeed, these

agents are effective enough for a successful therapeutic
trial involving them to have diagnostic weight in identify-
ing a fever caused by malignancy (44).

Parageusia/Dysgeusia

Some patients with malignancies develop an altered taste
for certain foods, such that it is distorted (dysgeusia) or
unpleasant (parageusia) (48–51). Probably the most well-
known among these phenomena is the distaste for meat
that patients with carcinoma of the stomach may report
(48). Another interesting and relatively specific dysgeusia,
which is linked to hyponatremia, is the sensation of
unpleasant perceived sweetness of many ingested foods. It
is observed in patients with hyponatremia, owing to the
syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) (49, 50). The problem is often—but
not always—associated with small cell NEC of the lung.

The mechanisms for these problems are largely
unknown. There has been some speculation that they
relate to disturbances in trace elements, such as a
deficiency of zinc (48). However, therapeutic replacement
of such substances has been only inconstantly associated
with an improvement in symptoms. Alternatively, dys-
geusia and parageusia may represent neurologic para-
neoplasias rather than deficiency states.

Alterations in taste may accompany any of a variety of
occult carcinomas. Therefore, after eliminating the possi-
bility that these complaints relate to drugs or oral-dental
disorders, the presence of dys-/parageusias should prompt
evaluation for a possible underlying malignancy.

Pruritus

Generalized itching, or pruritus, in the absence of a
definable dermatosis, is one of the most maddening of the
potential paraneoplasias for patients with MCUO and
their physicians (Fig. 1) (52). It may be linked directly to
an underlying hematopoietic or solid malignancy (53), but
more often simply relates to xerosis (dry skin) or a
reaction to a self-administered or prescribed medication
(54). Chronic renal insufficiency and cholestatic hepatic
disease are additional possible explanations for pruritus
(55). If assessments of kidney and liver function are
unrevealing, and dermatologic consultation fails to
disclose a definable source for itching, a paraneoplasia
must be suspected and appropriately evaluated.

The mechanisms for paraneoplastic pruritus are
unknown. It is seen preferentially with carcinomas of the
kidney, hepatobiliary system, pancreas, and lung, among
other possibilities (52, 54). Symptomatic treatment
includes optimal care of the skin, administration of
antihistamines and tricyclic antidepressants, and ultra-
violet cutaneous phototherapy (56, 57).
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Anorexia/Cachexia

Cachexia is a common paraneoplasia in MCUO cases and
in oncology patients in general (58–63). It is characterized
by anorexia, involuntary weight loss, wasting, and weak-
ness. The name is an appropriate one, derived from Greek
kakos (bad) and hexis (condition) (63). Breast carcinoma
is virtually the only solid tumor that is not associated
with cachexia to any substantial degree. On the other hand,
lung carcinomas and gastrointestinal cancers are linked
to this problem in 60% to 80% of cases (64).

In some instances, the cause of cachexia is straightfor-
ward, such as a mechanical/functional inability to ingest
food, obstruction of the alimentary tract, or profound
depression with a loss of interest in eating. In other
circumstances, however, marked loss of weight and
wasting does appear to have a truly paraneoplastic
underpinning. Cytokines such as tumor necrosis factor
(TNF)-alpha, interleukin-1, interleukin-6 (IL6), and
interferon-gamma have been implicated as mediators,
and they may be synthesized by various tumors or in
response to them (63). They possibly interfere with the
activity of leptin, a fat-derived hormone that indirectly
stimulates feeding centers in the hypothalamus (65, 66).
Disruption of neuropeptide-Y signaling and melanocortin

regulation—which also affect appetite—are additional
possibilities, as are alterations in the intrinsic nature of
carbohydrate, protein, or lipid metabolism (67–69).

The loss of 10% of premorbid body weight is a
minimal criterion for the assignment of the diagnosis of
cachexia (63). Laboratory tests are of limited value in
establishing its presence.

Symptomatic treatment includes parenteral nutrition
or ingestion of high-calorie supplements (when possible).
Administration of megestrol acetate, cannabinoids, thali-
domide, or cyproheptadine—all of which stimulate
appetite—is another option (63). Mirtazapine is an
appetite-promoting antidepressant drug that also can be
used when psychic depression is felt to be a contributing
element (70).

Flushing

Flushing is defined as the relatively sudden appearance of
intense cutaneous erythema—usually involving the skin of
the head and neck (Fig. 2)—which can last for minutes,
hours, or even days (71). It is usually associated with an
unpleasant burning sensation in the skin, along with
sweating or edema or both. Other extracutaneous
symptoms and signs such as wheezing, lacrimation, and

F IGURE 1 The effects of paraneoplastic pruritus are seen in this 60-
year-old man with pancreatic carcinoma. Numerous excoriations are
present in areas where the patient can reach his skin surfaces.

F IGURE 2 Intense flushing of the facial skin is seen in this 73-year-old
man with metastatic ileal carcinoid tumor in the liver.

C H A P T E R 2 � Paraneoplastic Syndromes Associated with MCUOs 75



diarrhea may appear concurrently with flushing. In the
long term, repeated episodes of facial erythema may lead
to telangiectasia of the skin or overt rosacea.

The most well-known cause of cutaneous flushing is
metastatic, well-differentiated NEC (“carcinoid”), usually
taking origin in the mid-gut (small intestine, pancreas,
and proximal colon) and secondarily involving the liver
(Fig. 3) (72–74). However, primary NEC of the ovary,
testis, and, rarely, the lung, may also produce similar
symptoms and signs in the absence of metastasis.
Medullary carcinoma of the thyroid and RCC are addi-
tional possible sources of paraneoplastic flushing syn-
dromes (75, 76).

Various vasoactive molecules have been implicated in
this problem, including serotonin, 5-hydroxytryptamine,
prostaglandins, tachykinins, and histamine (72, 76).
All of them are thought to be direct products of the
underlying tumors.

In NEC-related flushing, several precipitating factors
have been delineated empirically. They include exercise,
alcohol intake, stress, and ingestion of certain spices,
chocolate, cheese, avocados, plums, walnuts, cured
sausages, and red wine. Intravenous administration of
phentolamine is capable of blocking the response in many
instances (77). In contrast, the precipitants just listed are
not operative in flushing that is related to RCC. The latter
tumor appears to synthesize prostaglandin-E2 instead of
vasoactive amines, and such production is not influenced
by dietary intake (75). Medullary thyroid carcinoma is an
organ-specific form of NEC, and, as such, it may also
make vasoactive substances. However, it also has the
potential for prostaglandin synthesis (76).

Laboratory testing should include assessment of
5-hydroxyindoleacetic acid in urine, or serotonin in
blood, or both. Levels of chromogranin-A, a protein that
is part of the neurosecretory granule matrix in NECs,
may also be elevated in plasma, as may those of
substance-P and neurokinin-A (78, 79). Prostaglandins
in serum must be measured during a flushing episode,
and, in examples of RCC and other tumors that
synthesize this molecular family, elevations may be
observed (75, 76).

Treatment is tailored to the presumed chemical
mediator(s) underlying attacks of flushing. Patients with
tumors that produce vasoactive amines can be managed
with a combination of somatostatin analogs (e.g.,
octreotide) and H1- and H2-type antihistamines
(80–82). Cyproheptadine is sometimes effective in helping
to control concomitant diarrhea (83). On the other hand,
prostaglandin-mediated flushing is best treated with the
prophylactic use of NSAIDs such as naproxen, ibuprofen,
and indomethacin (80).

Endocrine Paraneoplasias

PSs that are caused by the tumor synthesis of peptide,
amine, or steroid hormones are endocrine in nature.
Underlying neoplasms may arise in a wide array of
anatomic sites, and they may be small, despite producing
dramatic physiologic abnormalities.

Cushing’s Syndrome

One of the best-known endocrine PSs is Cushing’s
syndrome. One potential mechanism for this problem is
the ectopic synthesis of ACTH or corticotrophin-releasing
hormone (CRH) by a neoplasm, subsequently driving the
adrenal cortex to release excessive corticosteroid (84–87).
Another possible explanation is the direct production of
corticosteroid, usually by an adrenocortical or gonadal
stromal tumor (88–90).

The clinical findings of Cushing’s syndrome are well
known to most physicians. They include weight gain,
redistribution of fat—with truncal obesity and a “moon”
facies (Fig. 4)—hirsutism, glucose intolerance, proximal
muscle weakness, osteoporosis, cutaneous striae, poor
wound healing, hypokalemia, and hypertension (2, 85).

Unfortunately, because many malignant neoplasms
that produce ectopic ACTH or CRH [including NECs
of foregut structures; medullary thyroid carcinomas;
pancreatic NECs (islet cell tumors); and nonendocrine
carcinomas with “occult” neuroendocrine differentiation]
are small, they may easily elude radiographic detection
(91). In contrast, the adrenals are often found to be
generous in size on imaging studies. The authors have seen
several cases in which misdirected pituitary surgery or

F IGURE 3 A CT taken from the patient shown in Figure 2 demonstrates
innumerable tumor implants throughout the hepatic parenchyma.
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adrenalectomy was undertaken, only to have an ACTH/
CRH-producing neoplasm in another location become
apparent at a later date.

Initial laboratory assessment of possible ectopic
Cushing’s syndrome should include measurement of 24-
hour urinary free cortisol, low-dose dexamethasone test-
ing, salivary cortisol, and night-time plasma cortisol values
(92). A dexamethasone CRH test can discriminate between
Cushing’s syndrome and those that simulate it (93). Several
recent publications have also examined the role of bilateral
simultaneous inferior petrosal sinus sampling (BSIPSS) for
ACTH, after stimulation with exogenous CRH and
desmopressin (94, 95). The “central” ACTH level in
blood, as obtained in this way, is then compared in a ratio
with peripheral blood levels. Ratios of ‡ 2 are thought to
substantiate a pituitary source for hypercortisolism.
Specifically, Tsagarakis et al. found that 98% of patients
with hypophyseal Cushing’s disease demonstrated such
values, whereas no patient in their series with ectopic
ACTH/CRH syndrome did so (94). BSIPSS is undeniably
an invasive procedure, but when compared with the risk of
morbidly unnecessary surgery, as mentioned above, the
former intervention is felt to be justifiable.

Identification of the primary ACTH/CRH-producing
tumor, and ablation of it, is obviously the best treatment
of ectopic Cushing’s syndrome. However, in MCUO

cases, that may not be possible. Alternatively, treatment
with oral ketoconazole, metyrapone, aminoglutethimide,
mifepristone, or ortho,para,dichlorodiphenyl dichloro-
ethane (o,p0-DDD) may be useful in blunting or even
eliminating many of the symptoms and signs of this PS
(96, 97). Surgical adrenalectomy is reserved for those
patients who do not respond to medical management.
Probably because of endocrinopathy-related comorbidity,
the prognosis of patients with ectopic Cushing’s syndrome
is said to be adverse, compared with that of cohorts who
lack this condition (98).

Cushing’s syndrome, which relates directly to cortisol
synthesis by adrenocortical carcinomas, is accompanied
by low ACTH/CRH levels. Steroid-producing tumors of
this type can be treated using chemotherapy. o,p0-DDD
(mitotane) is given when surgery is not possible or after
incomplete resection of metastatic disease. Frequently
employed therapeutic combinations are etoposide, dox-
orubicin, cisplatin, and mitotane, as well as streptozotocin
and mitotane (99).

Syndrome of Inappropriate Secretion of
Antidiuretic Hormone (SIADH)

SIADH, or the Schwartz-Bartter syndrome, is character-
ized by hyponatremia, and serum hypo-osmolality in the
face of urine normo-osmolality or hyperosmolality. The
serum sodium level is often below 130 mEq/L and
hypouricemia is commonly observed as well (100).

The most common epithelial tumors that may ectopi-
cally synthesize antidiuretic hormone include small-cell
NEC of the lung (by far, the most common); small-cell
carcinomas of the thymus, head and neck, and pancreas;
nonsmall-cell pulmonary carcinomas; squamous cell
carcinoma of the oropharynx and larynx; adenoid
cystic carcinoma of salivary glands and lung; prostatic
adenocarcinoma; gastric adenocarcinoma; and mesothe-
lioma (101–115). Electrolyte abnormalities may precede
clinical recognition of such neoplasms by several months
(114). Several nonneoplastic causes of SIADH exist as
well, and only after these are excluded systematically
should one assume that an occult malignancy likely is
present (114).

Whether or not patients with SIADH manifest
symptoms depends not only on the absolute sodium
concentration in serum, but the rapidity with which it
drops from a normal level. Hyponatremia may be slowly
progressive and virtually asymptomatic for prolonged
periods, but, conversely, it may appear suddenly and
dramatically after chemotherapy of a malignancy com-
mences. This phenomenon is felt to be a consequence of
tumor lysis with massive spillage of antidiuretic hormone
(110, 115). If the sodium level in serum drops below 125
mEq/L, fatigue, confusion, anorexia, muscle cramping,

F IGURE 4 Cushing’s syndrome in a 45-year-old woman with small cell
neuroendocrine carcinoma of the lung. Facial fullness (‘‘moon facies’’)
and hirsutism are evident.
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and nausea may appear, along with “sweet parageusia.”
Profound hyponatremia (<120 mEq/L) can produce
seizure activity and coma (101).

Treatment of SIADH is predicated on the adminis-
tration of oral sodium chloride (when possible) and
intravenous slightly hypertonic saline, in conjunction
with the judicious use of “loop” diuretics (e.g., furose-
mide) and restriction of oral water intake. One should not
attempt to correct the serum sodium level abruptly,
because a rebound phenomenon may subsequently
yield a hyperosmolar state that is neurologically damag-
ing (100, 117). Demeclocycline—a drug that appears to
block the effect of antidiuretic hormone on the renal
tubules—may also be helpful (117). In general, successful
chemotherapy of underlying tumors will eliminate
dysfunctional water metabolism in such cases; if and
when the lesion recurs, SIADH may or may not
reappear (101).

Tumor-Related Hypercalcemia

Hypercalcemia as a PS is a potential oncological emer-
gency. The association between elevation of serum
calcium and underlying malignancy—even in the absence
of bone metastases—has been known for decades (118–
124). Mild hypercalcemia is usually asymptomatic, at
corrected serum calcium values <12mEq/L. However,
elderly patients may develop complaints at those levels
nonetheless. Symptoms and signs may include nausea and
vomiting; confusion, depression, or lethargy; headache;
abdominal pain; constipation; weakness, and polyuria and
polydipsia (119). However, patients with hypercalcemia
presenting in the context of MCUO may inexplicably lack
many of those complaints.

Humoral factors, principally tumor-derived parathy-
roid hormone (PTH) or parathyroid hormone-related
peptide (PTHrP), play a major etiologic role in such cases
(125, 126). However, increased osteoclastic activity and
subsequent mobilization of osseous calcium may occur
due to factors secreted by tumor cells in bone metastases,
such as osteoclast activating factor (OAF), prostaglandins,
TNF, and interleukin-1 (119, 120). Transforming growth
factor-beta likewise is an operative factor in the increased
bone resorption that is seen in conjunction with some
tumors (2). Impaired renal clearance of calcium may also
occur under the influence of PTH, PTHrP, and other
factors secreted by malignancies; they cause increased
tubular resorption of this mineral (127).

Essentially any solid tumor potentially may be
associated with hypercalcemia. Lung carcinomas—of all
histotypes—account for 25% to 35% of reported cases,
and 30% to 40% are related to breast cancer. However, in
the latter instance, the usual mechanism is that of calcium
mobilization after metastasis to bone has occurred, with

release of OAF or other locally acting factors by the
neoplastic cells (128). PTH and PTHrP are not as often
involved mechanistically in breast carcinoma cases,
despite the fact that such tumors can indeed synthesize
these peptides (129).

Diagnosis is established by assessing the possible
presence of appropriate clinical findings of hypercalcemia,
as well as measuring the “corrected” serum calcium (total
serum calcium – serum albumin in g/dL þ 4) (127).
Acidosis decreases serum calcium levels, but these alter-
ations are minor.

Leukocytosis may be seen concurrently with hyper-
calcemia in some cases, especially in association with lung
carcinoma (121). However, combined PS is rare, affecting
< 1% of all cases.

The treatment of malignancy-related hypercalcemia is
based on liberal intravenous fluid replacement; careful use
of loop diuretics (if the serum calcium is >14 mg/dL,
forced diuresis with normal saline and furosemide is
indicated); and administration of calcitonin, corticoste-
roids, and bisphosphonates (130). Moreover, optimal
responses to chemotherapy are capable, by themselves,
of normalizing calcium levels as well. Finally, Sato et al.
reported success in an animal model in treating hyper-
calcemia with an antibody to PTHrP (131).

Hypoglycemia and Hyperglycemia

Disturbances in glucose metabolism represent additional
forms of PS. The most common of them is tumor-related
hypoglycemia (Doege-Potter syndrome), reflecting the
synthesis of insulin, proinsulin, or insulin-like growth
factor peptides [ILGFs (types I and II)] by malignant solid
neoplasms (132–141). NECs—especially those in the
pancreas—may produce true insulin or proinsulin (142),
but virtually all other epithelial malignancies may
synthesize ILGFs and be the cause of hypoglycemia.
Among the latter, hepatocellular carcinoma (Nadler-
Wolfer-Elliott syndrome), RCC, gynecologic carcinomas,
non–small-cell lung carcinomas, adrenocortical carcino-
mas (Anderson syndrome), and mesothelioma are most
often implicated in paraneoplastic hypoglycemia (132–
137, 139, 140, 143).

Symptoms and signs of low blood-glucose levels are
several, including anxiety, nervousness, tremor, palpita-
tions, sweating, pallor, clamminess, pupillary dilatation,
hunger, borborygmi, nausea, confusion, changes in person-
ality, irritability, fatigue, weakness, slurred speech, incoor-
dination, paresthesiae, seizures, and loss of consciousness.
These problems typically occur in an episodic fashion, such
that affected patients complain of having “spells.”

Traditionally, “Whipple’s triad” (133) must be ful-
filled for a diagnosis of bona fide hypoglycemia. It requires
that case-specific symptoms and signs must be known to
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possibly be caused by low glucose levels; measured serum
glucose must be below normal during a “spell”; and
clinical complaints should be promptly and completely
abolished by administration of intravenous or oral glucose.
The laboratory definition of hypoglycemia is variable, but
most observers agree that blood glucose levels of < 60mg/
dL would qualify (144). Even more definitively, concom-
itantly normal or elevated serum values of insulin and/or
proinsulin provide even more evidence for the presence of
pathologic hypoglycemia (145).

Treatment of paraneoplastic hypoglycemia is rather
difficult, if the responsible neoplasm cannot be ablated
surgically or with other forms of treatment. Medical
management includes administration of oral diazoxide
(146) or octreotide (147), or both, as well as a diet that is
rich in complex carbohydrates with frequent feedings.

Isolated tumor-related hyperglycemia appears to be
much less frequent, probably because it is often asympto-
matic. Underlying tumor types include NECs—again,
favoring those that arise in the pancreas (148, 149)—as
well as RCC (122), and, very rarely, non–small cell
carcinoma of the lung. The mechanisms for elevation in
blood glucose in such cases are much less well understood
than those pertaining to paraneoplastic hypoglycemia.
Pancreatic NECs synthesize glucagon (150)—a hyper-
glycemic peptide—but the hormonal mediators pertaining
to other tumor types have been largely unstudied to date.

Symptoms and signs of tumor-related hyperglycemia
parallel those of diabetes mellitus. If treatment is required,
oral hypoglycemic agents or parenteral insulin are used.

‘‘Carcinoid’’ Syndrome

As mentioned earlier in connection with cutaneous
flushing, the “carcinoid” syndrome (CS) is associated
with NECs virtually exclusively. In its complete form, in
which facial and upper truncal erythema is accompanied
by watery diarrhea, abdominal cramping, wheezing, and
edema of the head and neck, CS typically is caused by
NECs of the midgut—the portion of the intestinal tract
from the ligament of Treitz to the mid-transverse colon
(151). Moreover, those tumors must have metastasized to
the liver (and possibly beyond as well), such that their
vasoactive products can no longer be metabolized
effectively by this organ. Much less commonly, tumors
of the gonads—which are drained by caval rather than
the portal venous system—also may produce the CS (152).
Foregut and hindgut NECs may manifest with partial
CS, but only extraordinarily demonstrate all of its
constituents (153).

The underlying proposed mediators for the CS, and
laboratory tests for them, have been discussed earlier in
this chapter. In reality, more than one amine or peptide is
probably operative in this context (154). From a

radiographic perspective, imaging studies of the gut,
pancreas, and liver are appropriate in such cases. The
use of 111In-pentetreotide scintigraphy or 123I-metaiodo-
benzylguanidine (MIBG) scintigraphy is especially helpful,
because these compounds localize themselves selectively in
neuroendocrine tissues (Fig. 5) (155).

Two serious distant complications of CS may occur in
some instances. The first concerns intimal sclerosis of
medium-sized or large arteries, which is thought to be
caused by vasoactive products of NECs. When it is located
in a mesenteric vessel, this phenomenon may cause
intestinal ischemia or even infarction (156). One extra-
ordinary case, reported by Bourgault et al., also involved a
patient with CS who developed coronary vasospasm as a
consequence of the tumor (157). The second complication
of CS also is cardiac in nature; namely, the evolution of
right-sided valvular disease with fibroelastic scarring of
the valve leaflets or cusps (Fig. 6). This process—termed
“carcinoid heart disease”—yields tricuspid and pulmonic
valvular orifices that are relatively fixed in size and
shape, producing a combination of insufficiency and
stenosis. Right-sided congestive heart failure may super-
vene (158–160).

F IGURE 5 This MIBG (iodine-131-meta-iodobenzylguanidine) scintis-
can was taken from a patient with neuroendocrine carcinoma of the lung.
The radiotracer localizes in the cranial bones, corresponding to
metastatic deposits.
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Treatment of the CS may include surgical debulking
of metastatic disease; chemo- or radioembolization of
secondary lesions; alcohol-sclerotherapy, radioablation,
or cryoablation of hepatic metastases; administration of
MIBG, somatostatin analogs, or interferon-alpha; radio-
therapy; or traditional chemotherapy with streptozotocin
(151, 161). Patients with metastatic NEC in the setting of
MCUO may have unexpectedly prolonged survivals, as
discussed in other chapters in this book.

Verner-Morrison Syndrome

Vasoactive intestinal polypeptide (VIP) is also potentially
synthesized by neuroendocrine tumors, particularly NECs
(162). This mediator comprises 28 amino acids and acts to
inhibit water and electrolyte absorption by the intestinal
mucosa (142, 148, 162).

Pancreatic NECs are the most common source of
tumor-related VIP production. The resulting clinico-
pathologic complex, called the Verner-Morrison syn-
drome, features severe, persistent, watery diarrhea with
associated hypokalemia and achlorhydria (“watery diar-
rhea-hypokalemia-achlorhydria syndrome”) (142, 150,
162). Extreme dehydration may result, which explains
another term for the syndrome; namely, “paraneo-
plastic cholera.”

VIP can be measured in serum by radioimmunoassay to
confirm the clinical diagnosis of the Verner-Morrison
syndrome (163). Imaging studies of the pancreas and gut
are recommended in MCUO cases for locating a primary
tumor. Moreover, medullary carcinoma of the thyroid also
may synthesize VIP, and lung carcinomas—both neuro-
endocrine and nonneuroendocrine—may do so as well.
Some studies have suggested thatVIP is a relatively common
autocrine growth factor in the latter neoplasms (164).

The general treatment of VIP-producing tumors is
comparable to that outlined for carcinoid tumors in the
preceding section. Vigorous fluid replacement and potas-
sium supplementation are also required (165).

Virilization and Feminization

Virilization in women and feminization in men are
relatively uncommon forms of PS, and they commonly
relate to an underlying steroid-producing carcinoma of the
adrenal cortex or liver (80, 81, 166–168). Stromal tumors
of the gonads are also a possibility, but these lesions do not
enter this discussion of MCUO. More apropos to the topic
being considered here, metastatic carcinomas affecting the
ovaries may secondarily cause stromal hypersynthesis of
sex hormones, producing the same results (169, 170).

Symptoms and signs of tumor-related virilization
include hirsutism; facial acne (Fig. 7); menometrorrhagia,
oligomenorrhea, or amenorrhea; and increased libido.
Feminization is very rare in this context, and is typified by
impotence, altered growth of facial hair, possible gyneco-
mastia, and lessened sex drive (166–168).

Imaging of the abdomen by CT scanning or MRI
characteristically demonstrates a large suprarenal mass in
examples of adrenocortical carcinoma (Fig. 8).
Measurement of sex steroids and their metabolites shows
elevations thereof in the blood and urine, and serum levels
of follicle-stimulating hormone and luteinizing hormone
are usually conversely low (171, 172).

Chemotherapy of paraneoplastic feminization or
virilization is again predicated on the use of o,p0-DDD,
with or without cisplatin (173). Aromatase inhibitors
may ameliorate the associated endocrinopathies; these
agents include testolactone, anastrozole, letrozole, and
fadrozole (174).

Isolated Gynecomastia

In males, isolated gynecomastia (Fig. 9) may be seen as a
PS in MCUO cases, in the absence of other feminizing
signs. This finding is seen in conjunction with carcinomas
that synthesize beta-human chorionic gonadotrophin.
These principally include not only germ-cell malignancies
(175) but also somatic tumors such as non–small-cell
carcinomas of the lung, transitional cell carcinoma of
the bladder, adenocarcinoma of the stomach, and

F I GUR E 6 Carcinoid-induced valvular cardiac disease, showing
partial fusion and fibrosis of the tricuspid valve leaflets.
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hepatocellular carcinoma (176–181). The diagnosis is
confirmed by radioimmunoassay of serum for the peptide
in question. Treatment of the gynecomastia is rarely
undertaken in such cases.

Acromegaly

Ectopic acromegaly can be encountered as a PS, not only in
cases involving NECs (usually of the foregut) but also with
neuroendocrine and non-NECs of the lung, breast, and
endometrium (182–194). This condition can be related
either to tumor synthesis of growth hormone (GH) itself, or
to growth hormone–releasing hormone (GHRH)
(188, 192). Both of those eventualities are associated with
increased serum levels of GH; however, in the second
scenario (i.e., ectopic GHRH secretion), imaging studies of
the pituitary may also demonstrate enlargement of the
adenohypophysis. In contrast, it is normally sized when
neoplastic synthesis of GH is applicable.

Symptoms and signs of ectopic acromegaly are
identical to those attending the pituitary adenoma-driven
form of the disorder (Fig. 10). They include coarsening of
facial features; enlargement of the tongue, hands, and feet;
arthritis; glucose intolerance or overt diabetes mellitus;
hypertension; and cardiovascular disease, including car-
diomyopathy and congestive heart failure (195).
Laboratory assessment also may show hyperphosphate-
mia, hypercalciuria, and hypertriglyceridemia. ILGF-1 is
commonly associated with elevations of GH, and high
serum levels of the former marker can be used as an
indirect indicator of disease severity (196).

F I GUR E 8 This CT scan, taken from the patient in Figure 7,
demonstrates a large right suprarenal mass.

F IGURE 9 Gynecomastia is apparent in this 50-year-old man with
transitional cell carcinoma of the bladder. The tumor secreted beta-human
chorionic gonadotropin.

F IGURE 7 Virilization is apparent in this 31-year-old woman with
adrenocortical carcinoma. She has male-pattern baldness and facial
acne.
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Treatment of this disorder is predicated on antineo-
plastic therapy for the underlying malignancy. When this
is not feasible or is ineffective, palliative intervention with
dopamine agonists and GH-blocking agents can be
utilized. Those medications include bromocriptine, caber-
goline, octreotide, and pegvisomant (197, 198).

Hypertension

Hypertension as a true PS is difficult to identify. This is
because it is also seen as a complication of other tumor-
related problems such as Cushing’s syndrome and
acromegaly. Furthermore, selected therapies can also
produce elevations in blood pressure, and the psychic
distress of some patients with MCUO may do so as well.

Only two neoplasms are directly associated with
hypertension in a hormonal fashion; namely, adrenocort-
ical carcinoma and RCC. The former may synthesize
mineralocorticoids (aldosterone or related moieties), driv-
ing increased reabsorption of sodium and water by the
kidneys (Conn’s syndrome) (199). On the other hand,
RCCs can produce either renin—a stimulant of aldoster-
one synthesis—or noradrenaline, raising blood pressure
by either mechanism (200). Hypokalemia with alkalosis
is a well-known clue to the diagnosis of aldosterone-
mediated hypertension. Ultimately, however, measure-
ments of renin, angiotensin, and aldosterone in the
blood and urine are the most helpful, with and without

metoclopramide stimulation (201). A successful trial of
spironolactone—an aldosterone inhibitor—may also pro-
vide corroborative diagnostic information if diastolic
blood pressure decreases by at least 20 torr after the
administration of the medication for a week (202).
Imaging of the abdomen, perhaps necessitating angio-
graphic examinations, can demonstrate the presence of
adrenocortical or RCCs.

If antineoplastic therapy and the use of spironolactone
or eplerenone (another aldosterone inhibitor) (203) are
unsuccessful in reducing the blood pressure in patients
with paraneoplastic hypertension and MCUO, other
traditional antihypertensive medications are indicated.
These include angiotensin–converting enzyme inhibitors,
angiotensin receptor blockers, beta-blockers, centrally
acting antihypertensives (e.g., clonidine), and potassium-
sparing diuretics.

Nonneurologic and Nonhematologic
Immunological Disorders

Immune dysfunction is another mechanism for the
manifestation of PSs. Many disorders in this category
affect the nervous system or skin, and they are considered
in other sections of this chapter. Those that remain are
discussed in the following sections.

Glomerulonephropathies

Several forms of glomerulopathy may be paraneoplastic in
nature, the most prominent of which is membranous
nephropathy (MN). This condition is the prototype of
immune complex–mediated renal disease. In the specific
context of MCUO, it is believed that tumor-specific
antigens in selected cases idiosyncratically incite a humor-
al host response that culminates in the formation of
circulating immune complexes (204–216). These then
lodge in the glomerular basement membrane and com-
promise its integrity, such that passage of large macro-
molecules is allowed into the urine and glomerular
damage accrues. Accordingly, tumor-related MN is
associated with proteinuria, which may be severe (>4 g in
urine per 24 hours.) (211, 214). Renal biopsy demon-
strates the classical findings of this condition (Fig. 11),
without any nuances that would identify it as a PS.
Indeed, the linkage between the kidney disease(s) in
question and underlying malignancy is usually estab-
lished in retrospect. Other symptoms and signs of the
inciting tumor usually appear concurrently with protei-
nuria, and in cases where therapy is successful, they
likewise subside contemporaneously (207, 217).

Clinical manifestations of MN relate to the loss of
intravascular oncotic pressure; they principally include
weight gain and dependent edema or anasarca. Associated

F IGURE 10 The changes of acromegaly are evident in this 52-year-old
woman with a metastatic pancreatic neuroendocrine carcinoma. The
tumor produced growth hormone–releasing hormone.
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carcinomas primarily occur in the lung and gastro-
intestinal tract, with less frequent tumor origin in the
head and neck, kidney, and breast (211, 213). Other
common epithelial malignancies, such as squamous
carcinoma of the skin and adenocarcinoma of the
endometrium, have only rarely been associated with MN
(211, 218). However, virtually any carcinoma has the
potential to cause this PS.

Other varieties of paraneoplastic renal disease include
immunoglobulin A (IgA) nephropathy, rapidly progressive
crescentic glomerulonephritis (RPGN), membranoproli-
ferative glomerulonephritis, focal sclerosing glomerulo-
nephropathy, and minimal-change disease (211, 213,
219–221). However, those disorders are much less
common in this setting than is MN. Tumor antigens that

have been implicated in the etiology of these disorders
include carcinoembryonic antigen, prostate-specific anti-
gen, renal-cell carcinoma–selective antigens, and other
more nebulous tumor products (206, 208, 209, 212–215).
All of these conditions are again principally characterized
by proteinuria, with a similar immune complex–related
pathogenesis.

The treatment of paraneoplastic glomerular disease is
based on attempts at extirpating the underlying malig-
nancy. Otherwise, interventions are palliative, including
intravenous supplementation of plasma protein levels,
administration of oral corticosteroids—possibly with
tacrolimus or an alkylating agent (222)—and possible
apheresis with plasma exchange for RPGN (223). Most of
the time, patients with MCUO do not survive long enough
for paraneoplastic nephropathies to become life limiting.
Nevertheless, the latter conditions may add significantly
to tumor-related morbidity.

Polymyositis, Systemic Lupus Erythematosus,
Polyarthritis, and Systemic Sclerosis

Patients who are older than 45 years of age when they
present with symptoms and signs of polymyositis, lupus,
symmetrical polyarthritis, or scleroderma have a definite
risk for causation of these conditions by an occult
malignancy (224, 225). Carcinomas of the lungs, ovaries,
kidneys, breasts, gastrointestinal tract, and nasopharynx
have been implicated in that association (226–245),
apropos to this discussion of MCUO.

The symptoms and signs of these paraneoplastic
conditions are essentially the same as in their idiopathic
versions (Figs. 12 and 13). However, the rapidity of dis-
ease progression in tumor-related rheumatologic disorders
is often greater, and bone pain may be more prominent
than in de novo polymyositis, lupus, or systemic sclerosis
(241, 245).

The mechanisms for the neoplastic induction of the
latter syndromes are largely speculative. It is thought that
tumor-related antigens demonstrate sufficient structural
homology to native proteins that autoimmunity is enabled
(225, 238, 246).

Laboratory investigations may reveal circulating
antibodies to single-stranded or double-stranded DNA,
ribonucleoproteins, rheumatoid factor, nucleolar pro-
teins, and muscle-related proteins (247). However, a
recent study by Chinoy et al. (248) found that patients
with paraneoplastic myositis often had negative results
in “routine” laboratory testing for autoimmunity (for
anti-Jo-1, -PM-Scl, -U1-RNP, -U3-RNP, -Ku antibodies).
Moreover, in that analysis, the presence of antibodies
against 155 and 140 kDa muscle proteins was common
in paraneoplastic disease.

F IGURE 11 (A) Membranous nephropathy, seen in association with
gastric adenocarcinoma. This glomerulus demonstrates subtle but definite
thickening of its capillary basement membranes. (B) A corresponding
electron micrograph shows subepithelial and intramembranous immune
deposits in the capillary basement membrane. The nephropathy resolved
after total gastrectomy.
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Treatment of the underlying carcinomas is predictably
the primary approach to therapy of autoimmune PSs. The
use of mycophenolate mofetil, corticosteroids, alkylating
agents, and cyclosporine is also a possibility (249).
Unfortunately, paraneoplastic rheumatologic syndromes
appear to be more refractory to pharmacotherapy than
their idiopathic counterparts (233).

Nonimmunological Rheumatologic Syndromes

Clubbing and HOA

HOA (Pierre Marie-Bamberger syndrome) is characterized
by proliferation of the skin and osseous tissue in the distal
extremities (Fig. 14) (250). HOA is, by far, most commonly
associated with primary lung carcinomas (251–254), pul-
monary infections, or right-to-left cardiac shunts. In patients
with primary extrapulmonary carcinomas, it may also
herald the presence of pulmonary metastases (255, 256).
Clinical features of HOA include digital clubbing and
periostosis of long tubular bones (Fig. 15) that is often
painful and accompanied by synovial effusions. In some
cases, the presenting symptom is a painful arthropathy that
precedes clubbing and may be confused with inflammatory
arthritis (251–254). In one study, clubbing was present in
29% of lung carcinoma patients (256a). This finding was
more common in women than in men, and was more
frequently seen in association with non–small-cell carcino-
ma as compared with small-cell lung cancer (256a).

The cause of HOA and digital clubbing is unknown.
One explanation for nonneoplastic disorders could be the
bypass of the pulmonary vascular bed by megakaryocytes
and platelet clumps through right-to-left shunting, result-
ing in subsequent peripheral impaction of those elements
and release of growth factors such as platelet-derived
growth factor (256b). Alternatively, responsible tumors
may secrete moieties that promote HOA, such as vascular
endothelial growth factor (257), or inducers of bone
morphogenetic protein and bone-derived growth factors
(258). Effective ablation of the tumor or treatment of the
other causes of HOA usually results in resolution of this
problem (259, 260).

F IGURE 13 Bilateral mutilating arthritis in the small joints of the hands
in a 55-year-old woman with ductal breast carcinoma.

F IGURE 14 Digital clubbing of the distal fingers is apparent in this
58-year-old woman with adenocarcinoma of the lung.

F IGURE 12 Symmetrical polyarthritis of the hands in a 49-year-old
man with squamous cell carcinoma of the lung.
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Paraneoplastic Fasciitis-Polyarthritis

Some patients with primary carcinomas of the head and
neck, gynecological tract, stomach, and breast may develop
a rare PS featuring fasciitis in the distal extremities and
polyarthritis (261–268). Flexion contractures may result
from fibrosis of the fascia (269). Although an immuno-
logical mechanism for this process has been suggested, it
has not been proven. Successful treatment of the underlying
tumor may ameliorate the arthritic component of this
syndrome, but usually not the fasciitis (265, 266).

Tumor-Associated Polymyalgia Rheumatica-
Temporal Arteritis

Polymyalgia rheumatica (PR), in which marked proximal
muscle weakness and limb girdle pain are present, may be
associated with underlying carcinomas of the breast,
kidney, colon, prostate, stomach, pancreas, and lung
(241, 270–272). Symptoms and signs of temporal arteritis
(headache, loss of visual acuity) also may be seen. The
erythrocyte sedimentation rate is elevated in such cases, as
are serum levels of C-reactive protein. However, no
laboratory indicators of autoimmune disease are present.

Paraneoplastic PR should be suspected when the
affected patients are < 50 years old, or when corticosteroid
therapy of the condition is ineffective (271, 272).
Symptoms and signs will persist unless the underlying
tumor can be effectively treated (272).

Nonspecific Interstitial Pneumonitis

In rare cases of pulmonary carcinoma, patients may
develop diffuse interstitial infiltrates throughout both lung
fields (Fig. 16), accompanied by dyspnea and hypo-

oxygenation with exercise. Biopsies of the lung paren-
chyma in such cases have shown a pattern of “nonspecific
interstitial pneumonia” (273–275). Because the process is
pan-pulmonary, rather than simply being limited to the
tissue near the tumor, it is likely that the interstitial
pneumonia represents a paraneoplastic response to the
neoplasm. However, the cause is currently unclear, and no
evidence of an autoimmune mechanism has been eluci-
dated. Treatment with corticosteroids produces variable
benefit (275).

Alimentary Tract–Related Paraneoplasias

Several paraneoplastic disorders principally affect the gut.
Aside from the Verner-Morrison syndrome, as discussed
earlier their etiologic mechanisms are undetermined at
this point.

Sprue-Like Disorder

Very rarely, patients with a variety of carcinoma
morphotypes may manifest a clinical syndrome simulating
that of sprue (celiac disease) (276, 277). Symptoms and
signs include weight loss, steatorrhea, and abdominal
discomfort. Antibodies to gliadin and endomysial proteins
may or may not be found through serologic testing in such
cases, and radiographic studies show aberrations of the
small intestinal mucosa (Fig. 17) (278, 279). Enforcement
of a gluten-free diet has generally been effective in
controlling this disorder, and doubts remain as to whether

F IGURE 16 Nonspecific interstitial pneumonitis in a patient who
had prior chemotherapy for small cell neuroendocrine carcinoma of
the lung. Diffuse reticulonodular infiltrates are seen throughout the
pulmonary interstitium.

F IGURE 15 Hypertrophic osteoarthropathy of the distal radius in a
61-year-old woman with pulmonary adenocarcinoma. This disorder is
reflected by proliferation of the bony cortex.
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it is actually paraneoplastic. The alternative is that true
celiac disease has serendipitously developed in patients
with carcinomas.

Protein-Losing Enteropathy

Selected cases of gastric or colonic carcinoma can be
complicated by a protein-losing enteropathy (PLE),
wherein excessive stool volumes are produced and a
marked decrease is seen in plasma protein levels (280–
283). The other main clinical manifestation of this
disorder is peripheral edema. Alpha-1-antitrypsin in the
stools is a helpful indicator of PLE (284). Mechanistically,
some examples of this syndrome are possibly related to
extensive lymphatic obstruction by tumor cell micro-
emboli throughout the gut, or gross plasma seepage from
an ulcerated neoplasm (281). In other instances, the
pathogenesis of paraneoplastic PLE is uncertain.
Symptomatic control of diarrhea, dietary protein supple-
mentation, and intravenous administration of plasma
comprise the therapeutic possibilities in this setting.

Pancreatic Fat Necrosis

In a small proportion of patients with primary pancreatic
adenocarcinoma, indurated and tender subcutaneous nod-
ules develop multifocally. These are usually concentrated

over the extremities (Fig. 18) (285). In very rare cases,
similar internal lesions develop in deep adipose tissues.
Microscopically, such foci represent areas of liquefactive
fat necrosis with secondary dystrophic calcification
and minimal inflammation. The etiology of such lesions
is vague. Some investigators believe that lipolytic
enzymes, especially lipase, are released by the exocrine
tissue around pancreatic carcinomas. These proteins
enter lymphatics and are activated at distant anatomic
locations including the skin (286). In some cases,
however, cutaneous lesions are lacking, despite serum
elevations of lipolytic enzymes; conversely, distant fat
necrosis associated with pancreatic carcinoma may fail to
show augmented circulating levels of lipase. Another
explanatory hypothesis holds that tumor-related pan-
creatitis results in the release of cytokines such as TNF
and interleukin-1 (287). These factors then activate
neutrophils and endothelial cells, resulting in free radical
generation and fat necrosis.

There is no effective direct therapy for the lesions of
paraneoplastic fat necrosis. If the underlying pancreatic
tumor can be ablated, they may become fibrotic and
calcified, and the formation of new lesions will cease.

Collagenous Colitis

Examples of collagenous colitis have been reported in
conjunction with colonic adenocarcinoma (288, 289). The
latter condition typically presents itself with unremitting,

F IGURE 17 Barium follow-through study of the small intestine in a
patient with breast carcinoma and new-onset malabsorption. This study
shows irregular distribution of luminal barium, dilatation of the bowel
lumen, and thickening of mucosal folds. A small-bowel biopsy demon-
strated the changes of celiac disease.

F IGURE 18 Tender, red, nodular lesions over the anterior legs in a 57-
year-old woman with pancreatic carcinoma. Biopsy of the lesions showed
fat necrosis in the subcutis.
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watery, high-volume diarrhea, sometimes with abdominal
cramping (290). Colon biopsies show an increase in
intraepithelial lymphocytes, with or without a thickened
subepithelial collagen mantle. Mucosal secretion of
vascular endothelial growth factor, a fibrosis-enhancing
peptide, has been increased in some cases of collagenous
colitis (291). Symptomatic control of diarrhea may
constitute sufficient treatment, along with therapy for
the associated tumor. Corticosteroids and alkylating
agents such as azathioprine have also been used to treat
collagenous colitis (292).

Stauffer’s Syndrome

Stauffer’s syndrome is a rare paraneoplastic manifestation
of RCC (293–296) [and, occasionally, with other tumors
as well; e.g., prostatic adenocarcinoma (297)]. It is
characterized by elevated serum levels of alkaline phos-
phatase, alpha-2-globulin, and gamma-glutamyl trans-
ferase; an increased erythrocyte sedimentation rate;
thrombocytosis; prolongation of the prothrombin time,
and enlargement of the liver and spleen in the absence of
hepatic metastasis (294). Clinical cholestasis with jaundice
may or may not be seen. The mechanism underlying these
aberrations is unclear, although IL6 has been implicated
as a possible mediator (298). If the underlying neoplasm
can be effectively treated, all of the hepatic abnormalities
will regress (295).

Hematologic Paraneoplasias

Hematologic abnormalities are among the most common
paraneoplasias seen in clinical practice, although several
of them may be relatively asymptomatic. Moreover, some
overlap exists between hematologic abnormalities that are
straightforward complications of malignancy (e.g., intes-
tinal blood loss from an ulcerated colonic carcinoma,
causing anemia; anemia of chronic disease in carcinoma
cases with protracted courses; leukocytosis as a reflection
of sepsis, etc.) and others that have more complex
etiologies.

Aplastic Anemia

Marrow aplasia is, of course, most commonly encoun-
tered in oncology patients as a consequence of cytoabla-
tive chemotherapy. However, it may also be seen as a
paraneoplastic condition, usually in association with
carcinomas of the lung in reference to epithelial malig-
nancies (299–302). The usual clinical symptoms and signs
of pancytopenia are present in such cases, and bone
marrow biopsies disclose a virtually acellular picture.
Treatment may be tried with exogenous synthetic hema-
topoietic growth factors, but transfusion support is

typically required, with concomitant chelation therapy.
Antithymocyte globulin, cyclosporine, corticosteroids,
and androgenic steroids may also be employed (303).

Themechanism of this condition is unknown. It may be
true that certain tumor types share antigenic structures
that are similar to those of hematopoietic elements, leading
to an autoimmune response against the marrow by the
host. However, this explanation is purely speculative.

Autoimmune Hemolytic Anemia

Autoimmune hemolytic anemia [AIHA; immune spher-
ocytic anemia (Fig. 19)] is usually a paraneoplastic
complication of non-Hodgkin’s lymphoma (304). How-
ever, it may arise in association with solid tumors as well in
selected instances (305, 305). Sokol et al. assessed 160
examples of this conjunction (307). They found that
underlying neoplasms included carcinomas of the lung,
breast, colon and rectum, and prostate; adenocarcinomas,
squamous carcinomas, transitional cell carcinomas, and
undifferentiated carcinomas were all represented. The
operative autoantibodies included warm-acting moieties
(usually of the IgG isotype), cold-acting immunoglobulins
(usually IgM), and a mixture of the two, in individual cases.

Interestingly, because the tumor types just cited are
relatively common, Sokol et al. tested the hypothesis that
these neoplasms might be linked with AIHA merely
through coincidence (307). However, that presumption
was not affirmed by statistical analysis. It was concluded
that erythrocyte autoantibodies were associated in a truly
causal fashion with selected carcinomas, probably as a

F IGURE 19 Spherocytes are present in this peripheral blood smear,
taken from a 71-year-old man with squamous cell carcinoma of the lung
and warm-acting autoimmune hemolytic anemia. The latter disorder was
felt to be paraneoplastic.
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reflection of systemic immune dysregulation. AIHA
showed a preferential linkage with large tumor masses
and metastatic disease, and had a poor prognosis in
that setting.

Treatment of the anemia may require the use of
corticosteroids or alkylating agents, splenectomy, or aphe-
resis (308). Symptomatic blood transfusions are commonly
ineffective because of accelerated erythrocyte loss.

Schistocytic (Microangiopathic) Anemias

Some carcinomas—usually of the stomach, breasts,
pancreas, ovaries, colon, lungs, and prostate—may cause
paraneoplastic thrombocytopenic purpura (PTTP), with
circulating schistocytic erythrocytes (Fig. 20) and anemia
(309–320). Other manifestations include neurologic ab-
normalities, fever, and renal dysfunction. Schistocyte
formation may occur because the tumors in question
demonstrate extensive vascular micrometastasis with
endothelial disruption (320a). Alternatively, PTTP may
be another autoimmune condition that is induced by a
host response to an underlying neoplasm. In the idiopathic
form of thrombotic thrombocytopenic purpura, autoanti-
body inhibitors of the ADAMTS13 metalloprotease are
present (321). The latter enzyme is responsible for
cleaving von Willebrand factor in nascent thrombi;
accordingly, ADAMTS13 deficiency allows microthrom-
bosis to proceed unchecked (322). It then causes micro-
angiopathic hemolysis, thrombocytopenia, and multifocal
tissue microinfarction.

Treatment is predicated on therapy for the underlying
malignancy (322a), as well as administration of cortico-
steroid or rituximab (an anti-B-lymphocyte antibody) and
serial plasma exchange (323–325). The last of these
interventions is probably effective because it reduces the
level of circulating anti-ADAMTS13 and replenishes the
corresponding protease (325). Platelet transfusions should
be avoided because they contribute to worsened micro-
thrombosis in PTTP.

Another cause of schistocytic anemia in patients with
MCUO is the presence of chronic compensated dissemi-
nated intravascular coagulation (DIC).

Leukocytosis and Leukemoid Reactions

Leukemoid reactions (LRs) represent reactive forms of
leukocytosis in which >50,000 white cells/mL are present
in circulation, with or without immature forms (Fig. 21)
(326). They may be related to infection, systemic
inflammatory disorders, or the use of therapeutic growth
factors. Uncommonly, LRs also can be paraneoplastic in
nature, in association with carcinomas, sarcomas, mela-
nomas, or lymphomas (327–331). With specific reference
to MCUO, leukocyte counts above 10,000/mL have been
found in 15% of patients with pulmonary carcinomas,
and other tumors, such as RCC, cholangiocarcinoma,
pancreatic carcinoma, squamous carcinoma of the uterine
cervix or head and neck, urothelial carcinomas, and
nasopharyngeal carcinoma, may likewise produce such a
finding (328). In some cases, concurrent hypercalcemia is
also observed, especially with squamous cancers of the

F IGURE 21 A ‘‘leukemoid’’ reaction is seen in this peripheral blood
smear, including immature leukocytes and leukocytosis. The patient was a
65-year-old woman with ovarian serous adenocarcinoma.

F IGURE 20 Numerous schistocytes are seen in this peripheral blood
smear in a 51-year-old woman with metastatic breast carcinoma and
clinical thrombotic thrombocytopenic purpura.
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oropharynx/larynx or lung. LRs are believed to be caused
by tumoral synthesis or induction of granulocyte colony-
stimulating factor, whereas associated elevations in
calcium relate to neoplastic synthesis of PTHrP.

Extreme leukocytosis in the context of MCUO may be
problematic with regard to an alternative diagnostic
consideration of acute leukemia. The leukocyte alkaline
phosphatase score is effective in excluding the latter
possibility, inasmuch as it is high in LR and low in
leukemia (332). Another difficulty concerns leukocytosis
as a possible marker of sepsis, and this eventuality can
only be eliminated by clinical correlation and procurement
of blood cultures.

Generally speaking, patients with LR are asympto-
matic in reference to that problem. However, if the white
blood-cell count is extremely high (>25,000/mL), symp-
toms and signs of circulatory hyperviscosity may appear.
These include neurologic impairments, priapism, and
ischemic changes in the peripheral extremities in patients
with preexisting vascular disease (333, 334). In these
circumstances, cytoreductive leukapheresis may be neces-
sary as a therapy (335); otherwise, treatment of the
underlying tumor is the principal focus of management.

Thrombocytosis and Erythrocytosis

Elevations in the circulating platelet count at a level
> 400,000/mL fulfill the criterion for a diagnosis of
thrombocytosis (336). In similarity to LRs, underlying
carcinomas may be associated with this problem as well.
In particular, malignant epithelial tumors of the liver,
kidney, lung, and urothelial tract are best represented in
this context (336, 337). Mesotheliomas also have been
associated with thrombocytosis in as many as 70% of
cases in some series (338). Clinical issues attending
elevations in the platelet count are comparable to those
discussed in reference to LRs; specifically, hyperviscosity
and intravascular thrombosis are the principal concerns.
Ectopic tumor-related production of thrombopoietin or
IL6, or both, is felt to be the responsible mechanism in
paraneoplastic thrombocytosis (339).

Therapeutic thrombopheresis may be required to
reduce the platelet count. Interestingly, in patients with
thrombocytosis and RCC, Blay et al. also found that daily
treatment with an anti-IL6 antibody was effective in
normalizing the number of circulating platelets (340).

Erythrocytosis (polycythemia) is defined by the
presence of an elevated hematocrit in patients with normal
blood volumes and in the absence of heavy tobacco use. It
is an uncommon PS, being principally linked to RCC and
hepatocellular carcinoma (340a, 340b). Both neoplasms
have the potential to synthesize erythropoietin (340b,
340c), driving an increased production of erythrocytes by
the bone marrow. Rarely, other tumors, such as gastric

adenocarcinoma, pancreatic islet cell carcinoma, and
ovarian adenocarcinomas (340d–340f), also have been
associated with paraneoplastic erythrocytosis.

Treatment of this condition is necessary only if the red
cell mass becomes so dense that circulation is compro-
mised. Periodic phlebotomy is the simplest intervention.

Eosinophilia and Basophilia

Eosinophils and basophils normally account for only a
small minority of circulating granulocytic leukocytes
(5%). In association with some carcinomas, however,
the numbers of these cellular elements are increased in the
peripheral blood. Paraneoplastic eosinophilia has been
linked principally to carcinomas of the lung, liver,
stomach, and thyroid (341–351). Tissue infiltration of
other organs by eosinophils may be present in this setting
(342, 352). It appears that tumor production of inter-
leukin-5 (IL5) may be the main causal element in
paraneoplastic eosinophilia (341, 345).

Paraneoplastic basophilia seems to be associated
narrowly with lung carcinomas, among all epithelial
malignancies (353). The pathogenetic underpinning of
this finding is unclear.

Tumor-related eosinophilia and basophilia may pro-
duce secondary symptoms and signs that simulate atopy.
Urticaria, eczema, bronchospasm, and diarrhea can be
seen (354). Treatment of these conditions centers on
ablation of the underlying tumors, but may also include
administration of antihistamines, cromolyn, and anti-
bodies to IL5.

Immune Thrombocytopenia

Immune thrombocytopenia (ITP), with the appearance of
spontaneous cutaneous petechiae and purpura (Fig. 22), is
a well-known complication of malignant lymphoreticular
disease, especially being connected to chronic lymphocytic
leukemia/small-lymphocytic lymphoma and lymphoplas-
macytic lymphoma (355). However, it has been observed
in association with carcinomas as well, most often
originating in the ovaries, lungs, breasts, or kidneys
(356–363). Bellucci et al. have described a case in which
ITP was also associated with Graves’ disease and ovarian
carcinoma (364). As mentioned above in connection with
AIHA, the truly paraneoplastic nature of ITP linked to
epithelial tumors is uncertain, as opposed to the alternate
explanation that the two conditions are coincidental.
Treatment for cancer-related ITP is the same as in cases of
idiopathic ITP, being predicated on corticosteroids and
possibly splenectomy for patients who are refractory to
medical management (365). Tsoussis et al. (358) also
found low-dose interferons to be an effective therapy in
this setting.
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Hypercoagulability (Trousseau’s Syndrome)

One of the best known of the paraneoplasias associated
with carcinomas is hypercoagulability (366), potentially
leading to a variety of adverse thrombotic–embolic events.
These include deep venous thrombosis with pulmonary
thromboembolism (Fig. 23), marantic endocarditis with
secondary arterial embolism, phlegmasia cerulea dolens

(Fig. 24), phlegmasia alba dolens, and superficial migra-
tory thrombophlebitis (367–381). Together, these prob-
lems are usually considered under the rubric of
Trousseau’s syndrome (TS) (366), and application of the
Bradford-Hill guidelines for causation has affirmed the
validity of this practice (382).

The relationship between specific malignancies and TS
was examined by Ogren et al. by logistic regression in a
postmortem study (383). The overall prevalence of pulmo-
nary embolism was 23% among those autopsies; they
represented 84% of all hospital deaths in Sweden during a
12-year period. The tumors that were most strongly
associated with TS included carcinomas of the pancreas,
gallbladder, stomach, colon, and lung. However, virtually
any primary tumor type may be responsible. Adeno-
carcinomas had a stronger linkage with hypercoagulability
than did squamous carcinomas. Similar results were
obtained in another analysis by Naschitz et al. (382).

It has been suggested that the causation of TS relates
to the release of tissue factor (a trigger of the extrinsic
coagulation cascade) by neoplastic cells, in microvesicular
form or associated with tumoral mucin production (384–
387). Thrombotic or embolic events may occur months or
even years before the underlying malignancy becomes
clinically evident (388).

Treatment of paraneoplastic hypercoagulability relies
on therapy for the underlying tumor, together with the
continuous use of anticoagulant medications. These
include low-molecular-weight heparin and lepirudin
(389–392); coumadin is generally not effective in this
specific setting and is not recommended (387, 391).

F IGURE 23 A large central laminated pulmonary thromboembolism is
seen at autopsy in this 81-year-old man with pancreatic adenocarcinoma
and Trousseau’s syndrome.

F IGURE 24 Phlegmasia cerulea dolens of the left foot in a 62-year-old
woman with squamous lung carcinoma and Trousseau’s syndrome. The
distal extremity was blue, cold, and pulseless; a thrombus was found in
the left common iliac artery.

F IGURE 22 Numerous petechiae are present in the skin of the legs in
this 49-year-old man with gastric adenocarcinoma. Antibodies to platelet-
related proteins were present in laboratory tests.
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Chronic Compensated (‘‘Smoldering’’) DIC

A related problem is that of chronic compensated DIC.
This condition shares with TS the potential for association
with a wide variety of carcinoma morphotypes. However,
carcinomas of the prostate, lung, stomach, colon, and
breast are most frequently seen in this context among all
solid tumors (393–396). Adenocarcinomas are again
overrepresented. Carcinomas may cause DIC through
the disruption of endothelial surfaces by metastases,
tumoral release of tissue factor, and direct activation of
the prothrombinase complex (393, 394).

Systemic signs and symptoms of DIC may include
fever, hypoxia, acidosis, petechiae or purpura, hypoten-
sion, and proteinuria, potentially simulating other prob-
lems such as sepsis. Ongoing visceral microthrombosis
(Fig. 25) may lead to failure of various organs, culminat-
ing in renal failure, pulmonary insufficiency, and neuro-
logic dysfunction.

Laboratory findings in DIC include thrombocytope-
nia, schistocytic anemia, the presence of circulating fibrin
monomer, or D-dimer, or both, and prolonged prothrom-
bin and activated partial thromboplastin times (397).
Other abnormalities are represented by increased levels of
thrombin–antithrombin complexes, elevated plasminogen
activator inhibitor type-1 levels, and decreased factor VII–
related clotting activity (398, 399).

Therapy once again should be centered on the
responsible neoplasm, in addition to administration of
heparin or recombinant hirudin (390). Infusions of
antithrombin-III or protein C may be used but have not
yet been validated systematically. Replacement of blood

components is indicated only if significant bleeding is
part of the clinical picture, and it should be implemented
with caution.

Monoclonal Gammopathies and Amyloidosis

The association between plasmacytic myeloma or non-
Hodgkin’s lymphomas and paraproteinemias or systemic
amyloidosis is well known (400–402). However, selected
carcinomas are also linked with the latter conditions. These
include RCC, which is by far the most common amyloid-
related solid tumor, as well as carcinomas of the lung,
stomach, bowel, and breast (403–415). Rarely, other epithe-
lial neoplasms have been linked to amyloidosis or paraprotein
production in an anecdotal fashion as well (412, 415).

The process whereby RCC and other carcinomas
induce amyloid formation is still unclear. It is felt that
the tumor cells in some way transmogrify precursors of AA
amyloid (e.g., C-reactive protein) and cause it to be
deposited throughout the body. The distribution of
carcinoma-related disease is that of “secondary” amyloi-
dosis, principally affecting the kidneys, liver, spleen, lymph
nodes, gut, and adrenal glands (Figs. 26 and 27). Similarly,
mechanisms linking monoclonal gammopathies, including
IgG, IgA, and IgM, to underlying epithelial tumors are
rather mysterious, and the possibility once again exists that

F IGURE 25 A microthrombus is present in a glomerulus in a patient
with prostatic adenocarcinoma and tumor-related disseminated intravas-
cular coagulation.

F IGURE 26 Thickened intestinal plicae are present in this barium
‘‘follow-through’’ study of the small bowel in a patient with malabsorption
and renal cell carcinoma. Biopsy of the intestine demonstrated amyloid
deposition.
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this relationship may be coincidental. Complications such
as hyperviscosity syndromes have not been reported in
this particular setting, but cryoglobulinemia has been
observed in selected cases as a byproduct of paraproteine-
mia (Fig. 28) (416, 417).

Treatment of carcinoma-related paraproteinemias and
amyloidosis is supportive. If the underlying neoplasm can
be eradicated, the latter problems may cease.

Cardiovascular Paraneoplasias

Disorders of the blood vessels and heart are not
uncommon in oncology patients. Many of them are the
byproduct of therapeutic interventions with such agents as
anthracyclines, 5-fluorouracil, trastuzumab, and interleu-
kin-2 (418–422). In addition, carcinomatous pericarditis
or metastasis to the myocardium can contribute to
cardiovascular compromise in this setting (423).
However, rare cases do appear to represent true para-
neoplasias in association with solid tumors.

Myocarditis, particularly of the granulomatous type,
and dilated cardiomyopathy have been observed as a
complication of neuroendocrine, breast, and lung carci-
nomas (424–428). The pathogenesis of this linkage is
uncertain, but it is felt to generically represent an
immunologic response to antigenic determinants that are
shared between the tumor cells and the myocardium.
Symptoms and signs are those of cardiac insufficiency
with cardiomegaly (Fig. 29), a lessened cardiac ejection
fraction, pulmonary edema, peripheral edema, and ele-
vated plasma levels of brain natriuretic peptide (BNP) and
amino-terminal-proBNP (429).

Various forms of vasculitis have been reported as
paraneoplastic phenomena as well. The most common of
them is cutaneous leukocytoclastic vasculitis, which is
considered in detail in the section in this chapter on
paraneoplastic lesions of the skin. Larger-vessel lesions,
such as polyarteritis nodosa, Wegener’s granulomatosis,
and giant cell arteritis, are additional possibilities (430–
437). In paraneoplastic polyarteritis cases, the most
common sites for primary carcinomas are the lung,

F IGURE 27 Adrenocortical deposits of amyloid are seen with the
Congo red stain, in an autopsy slide taken from a 74-year-old man with
renal cell carcinoma.

F IGURE 28 A positive ‘‘cryocrit’’ test (left) is compared with a control
preparation (right). The specimen came from a patient with adenocarci-
noma of the lung and clinical findings consistent with paraneoplastic
cryoglobulinemia. The responsible paraprotein was monoclonal IgM.

F IGURE 29 This chest radiograph was taken from a 67-year-old man
with pancreatic adenocarcinoma and heart failure. Cardiomegaly is
apparent. At autopsy, changes of dilated cardiomyopathy were found,
with no other explanation than that of a paraneoplastic disorder.
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stomach, bile ducts, kidney (Fig. 30), and oropharynx–
hypopharynx. Tumor-related Wegener’s granulomatosis
has been linked principally to carcinomas of the lungs and
stomach. The diagnosis of vasculitis antedates that of
malignancy in most cases. Symptoms and signs are related
to the particular visceral organ sites for the vasculitic
lesions. There are no laboratory markers for polyarteritis,
but Wegener’s granulomatosis is accompanied by auto-
antibodies to neutrophil cytoplasmic antigens in a high
proportion of cases (430–432).

In addition to treatment of the responsible neoplasms,
the therapy for cardiac and vasculitic complications of
MCUO is comparable to that for the idiopathic versions of
these disorders. It includes the use of corticosteroids or
alkylating agents (438) and, when necessary, inotropic
medications, diuretics, and inhibitors of angiotensin-
converting enzyme (439).
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n INTRODUCTION

Metastatic malignancy of unknown origin (MMUO) repre-
sents a clinical andpathological challenge that is encountered
in approximately 10% of cancer cases. The major goal in
such instances is to identify treatable disease while minimiz-
ing unnecessary and futile therapy and iatrogenic patient
morbidity. Extensive radiologic examination and evaluation
of serum tumormarkers generally prove to be unsatisfactory
in the identificationof anorigin formetastases fromanoccult
source. Indeed, detailed pathological assessment at the
histological and cytological levels probably is the bestmeans
for effective characterization of MMUO. The focus of this
review is to clarify some of the anatomic, histopathologic,
and cytological features that help distinguish one malignant
neoplasm from another. The discussion centers on “solid”
tumors, and hematopoietic lesions are considered only in the
context of differential diagnosis. This is because lymphomas
and leukemias are not generally regarded as “metastasizing”
tumors, but rather they are potentially systemic prolifer-
ations ab initio.

n ANATOMIC CONSIDERATIONS IN
EVALUATIONS OF METASTATIC
CARCINOMA

Once an MMUO has proven to be carcinomatous after
pathologic examination, an important, but sometimes
ignored, clue regarding its origin involves the anatomic
pattern of tumor distribution. Although there are certainly
some exceptions, cancers arising in particular organs
pursue a predictable “life history” and show definite
predilections to involve predefined secondary sites.
Visceral sites that are associated with particular epithelial
malignancies are shown in Figure 1, and lymph node
groups that are preferentially involved by selected
carcinomas are depicted in Figure 2 (1).

For example, one may encounter a woman with
axillary lymphadenopathy in whom a biopsy of the
involved nodes demonstrates adenocarcinoma. Addi-
tional evaluation for possible metastases may show
tumor deposits in the bones and liver. In assessing the
most probable sources for metastases in all of those
sites, one would direct principal attention to the
breasts and the lungs, with the former being the more
likely source. Similarly, a 32-year-old man with left
supraclavicular lymphadenopathy (Virchow’s node) (2)
and a nodal biopsy showing poorly differentiated
carcinoma, would most likely have a gonadal or
gastric primary neoplasm. The prediction would be
quite different if the involved lymph nodes were in the
right supraclavicular group.

Hence, by integrating patient age, gender, and
anatomic site(s) of tumor presentation, a likelihood
table can be assembled of the probable sites of origin
for the metastatic lesions. Pathologists use this infor-
mation in a fundamental fashion, and it has substantial
weight, together with nuances of morphology and
other studies, in predicting the organ of origin for
carcinomatous MMUOs.



n SPECIAL MORPHOLOGICAL CATEGORIES
OF METASTATIC TUMORS

Metastatic tumors that appear as nondescript large cell
undifferentiatedmalignancies or “banal” adenocarcinomas
are the most troublesome in regard to prediction of their
sites of origin, based on conventional morphologic features
alone. Indeed, one must usually rely on the age of the
patient, the anatomic distribution of disease, ultrastructural
or immunophenotypic findings, and results of other
adjunctive studies in such cases. These ancillary evaluations
are discussed in other sections of this chapter; this particular
discussion focuses on morphological and histochemical
“triage” of the tumors under consideration. The following
sections present information on metastatic lesions that
exhibit distinctive microscopic appearances that can be
used to determe their possible anatomic sources.

Malignant Small Round Cell Tumors

The term small round cell tumor (SRCT) has traditionally
been used in reference to a heterogeneous group of
neoplasms that occur primarily in the soft tissue in
childhood and adolescence. These lesions share the
histologic image of a densely cellular proliferation with a
primitive, undifferentiated appearance, and each of them
may present with distant metastases to lymph nodes or
viscera. SRCT is a descriptive rather than a specific
diagnostic designation, and there are important therapeu-
tic and prognostic differences attached to the different
entities that comprise this group. Adjunctive techniques,
especially immunohistochemical studies, cytogenetics, and
electron microscopy, are critical in refining pathological
interpretation and should be regarded as a routine part of
the evaluation of such tumors. The application of these
methods has been well described (3–8). However, the

F IGURE 1 Diagram of preferential visceral sites for metastatic carcinomas.
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subsequent focus here will be on the morphological
characteristics that are observed in the different tumors
in this category.

These principally include Ewing sarcoma (ES) and
primitive neuroectodermal tumor (PNET), both of which
are considered to be part of the same neoplastic disease
spectrum; juvenile-type rhabdomyosarcoma (RMS); neu-
roblastoma (NB); and small cell carcinomas. Only the last
of those lesions is specifically germane to the topic of this
monograph, but the other small cell neoplasms just listed
will be considered for the sake of comparison with small
cell carcinoma.

Histologically, both PNET and ES are composed of
relatively monomorphic cells with round-to-oval nuclei
and scant cytoplasm (3). True rosettes and pseudoro-
settes are potentially seen in this spectrum of neoplasms
(Fig. 3). The chromatin pattern is somewhat variable,
ranging from fine and homogeneous to irregularly
clumped, usually with relatively indistinct nucleoli. The
presence of rosettes correlates with primitive neural
differentiation (i.e., the PNET portion of the tumor
spectrum), but frequently these structures are absent.
Surprisingly, few mitotic figures are typically visible,

given the high-grade biological nature of ES/PNET, and a
prominent fibrovascular stroma—often with small
“blood lakes”—is common (9).

F IGURE 3 Primitive neuroectodermal—a prototypical small round cell
malignancy—showing the presence of intercellular pseudorosettes.

F IGURE 2 Diagram of preferential lymph node sites for metastatic carcinomas.
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Cytological aspirates of ES/PNET typically are highly
cellular and are composed of a distinctly dimorphic cell
population. Large cells demonstrating “blastic” chromatin
usually predominate, and these are intermingled with
smaller cells, showing dense, condensed chromatin and
resembling mature lymphocytes (10). It should be noted
that a dimorphic population is not diagnostic of ES/PNET
in an SRCT, because degenerative changes or pyknosis
may simulate this finding. When they are present,
cytoplasmic vacuoles in ES/PNET are coarse and
“punched out” in Romanowsky-stained preparations;
finely vacuolated cytoplasm also may be encountered (11).
The cytologic presence of wispy cytoplasmic extensions
(or neurites) is another possibility in this group of lesions.
Diffuse histochemical positivity with the periodic
acid-Schiff (PAS) re-agent is typical of ES-PNET (12),
and, in particular, it would not be expected in a small cell
carcinoma (13).

Other tumor types may assume partial or global
histological images that simulate those of ES/PNET,
especially in limited biopsy specimens. For example, primary
or metastatic small cell (undifferentiated) synovial sarcoma
has been documented objectively, as confirmed by the
presence of SYT/SSX fusion transcripts, which is seen in
association with the characteristic t(X;18) chromosomal
translocation of synovial sarcoma, and a lack of EWS/FLII
transcripts, which is associated with the t(11;22) chromoso-
mal translocation of ES/PNET (14). Lymphoblastic lympho-
ma also may present as a localized mass that clinically,
histologically, and (to some extent) immunophenotypically
imitates ES/PNET. However, lymphoblastic lymphoma
demonstrates more nuclear irregularity, apoptotic cellular
dropout, and mitotic activity, and also may show lympho-
glandular bodies in cytologic preparations (15).

RMS of the solid-alveolar variety (16) has a subtype
that may manifest itself with extensive involvement of
lymph nodes, and potentially of the bone marrow as well,
in the absence of an obvious primary lesion in the soft
tissue. This form of the tumor is known as lymphadeno-
pathic RMS (LRMS) (17). The neoplastic cells in LRMS
demonstrate a somewhat greater degree of nuclear pleo-
morphism than that seen in other SRCTs, occasionally
with interspersed large cells possessing relatively generous
amounts of eosinophilic cytoplasm. Nuclei are not
dissimilar in appearance to those of ES/PNET, and
LRMS also shares potential PAS positivity with neuro-
ectodermal tumors. If foci suggesting an “alveolar”
(dyshesive) growth pattern are observed in a PAS-reactive
SRCT, the diagnosis of RMS should be favored (10, 15).

A large percentage of NB cases also have metastases to
bone, liver, lymph nodes, or skin, with or without elevated
levels of catecholamines or their metabolites in the urine.
The primary tumors may reside in the adrenal medulla or
the remainder of the sympathetic nervous system (18, 19).

Histologically, metastatic NB may be extremely difficult
to distinguish from ES/PNET or other SRCT, particularly
in small biopsy specimens that frequently are distorted by
crush artifacts. NB is composed of primitive round-to-
angulated cells with scant cytoplasm. Well-formed true
rosettes and pseudorosettes, neuropil formation, and
dystrophic calcification may aid in the diagnosis of this
lesion (20, 21). A careful search is also worthwhile for
primitive or mature ganglionic elements, represented by
nucleolated cells with eccentric, relatively abundant
eosinophilic cytoplasm (22).

Small cell neuroendocrine carcinomas (SCNCs) are
the most important small cell malignancies that may
present as an MMUO (23–25), because of their much
greater frequency than all other SRCTs. The histological
appearance of such tumors is that of a variably organoid
proliferation of extensively apoptotic small neoplastic
cells with brisk mitotic and apoptotic activity, often
demonstrating prominent crush artifacts (Fig. 4) (26).
Cytologically, these tumors are composed of small cells
with high nuclear-to-cytoplasmic ratios, nuclear “smear-
ing,” nuclear molding, powdery chromatin, usually
inconspicuous nucleoli, scant cytoplasm, and a tendency
for loose cohesion and cellular dispersion (Fig. 5) (15,
27–29). Staining with Romanowsky methods may reveal
fine metachromatic cytoplasmic granules. Reactivity with
argyrophilic histochemical techniques, such as the Sevier-
Munger, Grimelius, or Churukian-Schenk procedures, is
helpful in recognizing that small cell carcinomas have
neuroendocrine features (Fig. 6) (30,31). This is best app-
reciated in specimens that are fixed in Bouin’s re-agent. In
some locations, such as the skin, it may be problematic

F IGURE 4 ‘‘Crush’’ artifact in small cell neuroendocrine carcinoma is
a reflection of the fragility of the tumor cells.
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pathologically to determine whether an SCNC has arisen
at that site, or, alternatively, has involved it secondarily. In
that narrow context, the presence of the Azzopardi
phenomenon, represented by the encrustation of intra-
tumoral blood vessels with basophilic nucleic acid (Fig. 7)
(32, 33), argues strongly for a secondary deposit.

Once metastatic SCNCs are identified, there are few
other nuances of morphology or biochemistry that can be
used with certainty to predict their sources. In particular,
cellular peptide and amine products are broadly shared
among this group of neoplasms, regardless of their
topographic origins (34). Hence, anatomic patterns of

metastasis, as discussed above, and the relative frequency
of SCNC in various organ systems must be used as the
principal data in determining the likely source.

Malignant Oncocytoid Tumors

Cells showing intense cytoplasmic acidophilia (eosino-
philia) have been referred to using a variety of terms,
including oncocyte, oxyphil, Hurthle cell, Ashkenazy cell,
and others (35). Although oncocytoid change reflects an
abundance of mitochondria, a similar cytologic image
may relate to the presence of abundant cytoplasmic
organelles such as lysosomes, neuroendocrine granules,
cytofilaments, and smooth endoplasmic reticulum.
Detailed cytologic evaluation of the precise character of
cellular eosinophilia often reveals subtle variations, such
as fibrillary, globular, diffuse (homogeneous), or granular
cytoplasmic patterns.

Over the past several decades, awareness has in-
creased regarding tumors that are composed predomi-
nantly or exclusively of oncocytoid cells. Furthermore,
a concept has emerged that oncocytic metaplasia may
occur in lesions that are not typically associated with that
feature. Oncocytic neoplasms can be encountered
in virtually any organ, but they arise most often in the
salivary glands, thyroid, kidneys, liver, and parathyroid
glands (36–40). Those that are biologically malignant and
may present with distant metastasis are listed in Table 1.
They are further considered according to the detailed
nature of their oncocytoid changes in the following
discussion.

F IGURE 6 Positive Sevier-Munger (argyrophil) stain in high-grade
neuroendocrine carcinoma.

F IGURE 7 The Azzopardi phenomenon in small cell neuroendocrine
carcinoma is caused by encrustation of intratumoral blood vessels by
nucleic acid. It reflects the high proliferative rate of this neoplasm.

F I GUR E 5 Cytological appearance of small cell neuroendocrine
carcinoma, featuring the presence of nuclear ‘‘molding,’’ in which the nuclei
of adjacent tumor cells push into one another.
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Malignant Neoplasms with Granular Cytoplasmic Eosinophilia

Metastatic malignancies that demonstrate granular cyto-
plasmic acidophilia are varied in their origins and lineage
of differentiation. For example, low-grade neuroendocrine
carcinomas of the lung, gut, and pancreas, medullary
(neuroendocrine) carcinoma of the thyroid, and metastatic
ductal breast carcinomas not infrequently appear as
secondary intrahepatic nodules, with the primary lesion
having eluded clinical detection until that point (Figs. 8
and 9) (37, 39–41).

Histologically, in such cases, variably organoid arrays
of large cells can be observed with round nuclei,
inconstant mitotic activity, dispersed chromatin, and
indistinct nucleoli. Cytologically, these tumors manifest
as flat sheets, loose groups, cords, and singly dispersed
polygonal cells, usually with a strikingly monotonous
appearance. The polyhedral cells may be intermingled
with spindled forms. The presence of neurosecretory
granules, represented by fine red cytoplasmic granules, is
highly suggestive of neuroendocrine differentiation and
may be detected in Romanowsky stains. Capillaries cuffed
with tumor cells are a characteristic finding, and true
papillae or psammoma bodies can be seen. The presence
of metachromatic amorphous stroma points to the
possible presence of amyloid, and appropriate histochem-
ical stains for amyloid (e.g., Congo red, Lieb’s, Pagoda
red, and thioflavine-T) (42) can then be applied to
investigate this eventuality. It should be remembered that
the amyloid matrix is not pathognomonic of medullary

thyroid carcinoma, inasmuch as it can be present in
neuroendocrine carcinomas of the lung, thymus, pancreas,
and other sites as well (43–46).

Both exocrine and endocrine carcinomas of the pancreas
also may show oncocytoid features, though such tumors are
rare in the “pure” form (39). Most exocrine pancreatic
lesions containing groups of granular eosinophilic cells
demonstrate an admixture of other histologic patterns; the
most common is “conventional” ductal adenocarcinoma.
Acinar carcinomas of the pancreas are typified by coarsely
granular cytoplasm because of the presence of cytoplasmic
zymogen (proenzyme) granules (Fig. 10) (47).

Finally, hepatocellular carcinomas (HCCs) often
exhibit granular cytoplasmic eosinophilia caused by the
presence of lipofuscin granules and abundant endoplasmic

n Table 1 Tumors with metastatic potential and
oncocytic or clear cell features

Oncocytic Neoplasms Clear Cell Neoplasms

Carcinoid tumor Renal cell carcinoma

Renal cell carcinoma Mucoepidermoid carcinoma

Medullary thyroid carcinoma Paraganglioma

Fibrolamellar hepatocellular

carcinoma

Seminoma/dysgerminom

Pancreatic endocrine carcinomas Malignant melanoma

Salivary gland carcinomas

Hepatoid yolk-sac tumor

Pancreatic acinar cell carcinoma

n Table 2 Cytologic findings in hepatocellular
carcinoma and metastatic adenocarcinoma

Hepatocellular
Carcinoma

Metastatic
Adenocarcinoma

Cellularity High High

Cellular

arrangement

Sinusoidal capillaries Clusters and single

cells

Endothelial cells around

cell clusters

Trabecular structures

Bile Sometimes present Absent

Nuclei Marked anisonucleosis Mild-to-marked

nuclear

pleomorphism

Centrally placed nuclei Central or

eccentrically

placed nuclei

±Multinucleation

Prominent nucleoli ±Nucleolar

prominence

Cytoplasm Granular ±Cytoplasmic

vacuoles

Mucin Almost always absent Commonly present

Necrosis Uncommon Common
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reticulum (Fig. 11) (39). Up to 15% of HCCs show
globular intracytoplasmic PAS-negative oxyphilic inclu-
sions, which, when present, are useful diagnostic
clues (48). In fine-needle aspiration biopsy specimens,
the tumor cells may be seen singly, in sheets, or in
compact cords. Intranuclear cytoplasmic invaginations,
intracellular cytoplasmic globules, or bile pigment (high-
lighted with the Fouchet stain) (Fig. 12) may also be
observed (49, 50).

Malignant Neoplasms with Globular Cytoplasmic Eosinophilia

When strictly defined by the presence of an inclusion-like
mass of densely eosinophilic cytoplasm that displaces the
nucleus, globular cytoplasmic eosinophilia characterizes a
distinct group of heterogeneous neoplasms that are
designated as “rhabdoid” (35). In the authors’ opinion,
malignant rhabdoid tumors demonstrate heterogeneous
differentiation but have uniformly aggressive biological
behavior (51). Hence, rhabdoid cells in metastatic lesions

F IGURE 11 ‘‘Conventional’’ hepatocellular carcinoma, demonstrating
oncocytoid eosinophilic cytoplasm and the presence of intercellular bile
production.

F I G U R E 10 Acinar cell carcinoma of the pancreas, showing
cytoplasmic eosinophilia.

F IGURE 9 Oncocytoid invasive ductal breast carcinoma, demonstrat-
ing the presence of generous eosinophilic cytoplasm in the tumor cells.

F IGURE 8 Oncocytoid metastatic neuroendocrine carcinoma, show-
ing a composition by monomorphous tumor cells with eosinophilic
cytoplasm.
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may be part of tumors that can arise in virtually any
anatomic site. The neoplastic cells should be further
scrutinized for the presence of cross striations and
melanin, because RMS and malignant melanoma are
potentially included in the morphologic grouping under
discussion here (51, 52).

Cytologically, all forms of malignant rhabdoid tumor,
regardless of whether they are carcinomatous, melanom-
atous, or sarcomatous, show dispersed cells with moderate
nuclear pleomorphism, anisocytosis, and few other
distinguishing features (Fig. 13). Therefore, special stains
or ultrastructural studies again are essential in the
definitive characterization of such lesions.

Malignant rhabdoid tumors often metastasize simul-
taneously to several anatomic sites. This fact, along with
the inconstant morphologic features of this concatenation
of lesions, may make it impossible to identify the origin of
such neoplasms. From a practical perspective, metastatic
malignant rhabdoid tumors are, as a group, generally
poorly responsive to treatment (51), and localization of
their primary sites or determination of their precise
lineages is of academic interest only.

Malignant Neoplasms with Diffuse Cytoplasmic Eosinophilia

Complicated diagnostic problems are attached to the
group of neoplasms that show diffuse cytoplasmic
eosinophilia with no other discriminating features. This
constellation of tumors includes high-grade carcinomas
arising in several locations, melanomas, anaplastic
large cell (“Ki-1;” CD30þ) non-Hodgkin’s lymphomas,
and sarcomas with epithelioid features. In reference to
MMUO, only the first two of these four possibilities are
directly relevant to this discussion. Renal cell carcinoma
(RCC), adrenocortical carcinoma, and large cell undiffer-
entiated pulmonary carcinoma (Fig. 14) are the tumors
that most commonly assume a large cell oncocytoid
appearance with no other distinguishing features
(35, 53). Such epithelial malignancies are virtually super-
imposable on one another morphologically, and adjunc-
tive pathologic analyses are mandatory in discriminating
between them. Likewise, amelanotic oncocytoid melano-
mas require similar adjunctive assessments for confident
diagnostic recognition (54), especially if the Fontana-
Masson stain is negative.

F IGURE 14 Large cell undifferentiated carcinoma of the lung, with
oncocytoid eosinophilic cytoplasm.

F I GUR E 12 Positive Fouchet stain in hepatocellular carcinoma,
labeling intratumoral deposits of bile bright green.

F IGURE 13 Malignant rhabdoid tumor, with abundant and hyaline
eosinophilic cytoplasm that displaces nuclei with the neoplastic cells.
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Malignant Clear Cell Tumors

Malignant tumors with a potential for clear cell change
and presentation as MMUO are also diversified. As was
true of neoplasms in the preceding section, they include
epithelial, mesenchymal, and melanocytic lesions
(Table 1) (55). In addition, several matters complicate
the evaluation of metastatic tumors in this category. The
secondary lesions may undergo tumor progression to
acquire clear cell change that reflects clonal evolution. As
such, they could then appear dissimilar to the parent
neoplasms from which they emanated. Second, selected
clear cell malignancies, especially RCC (56), have the
capacity to metastasize to organs in which primary clear
cell neoplasms are potentially encountered. Such trouble-
some secondary sites include the ovaries, thyroid (Fig. 15),
lungs, liver, oral mucosa, salivary glands, bones, and brain
(57, 58). Third, clear cell change may reflect the presence
of artifactual degenerative change from processing or
fixation deficiencies (59). The following discussion is
limited to the most common clear cell tumors, and to
those in which clear cell change is a global rather than a
focal feature.

Malignant Clear Cell Tumors with a Nested Architecture

Among all clear cell carcinomas, those arising in the kidney
are the best recognized and the most frequently seen (55).
These tumors may secondarily involve anatomic sites that
are usually spared by other metastatic lesions (57), and it is
no exaggeration to state that RCC should be entertained in
the differential diagnosis of virtually any clear cell malig-
nancy in any location. Nevertheless, the more frequent

scenarios are those in which the lung, bones, liver, or brain
serve as the foci for metastatic RCCs (Fig. 16). The most
reliable pathologic means to address whether the kidney is
indeed the source of such neoplasms is to catalog their
histological nuances. In particular, if such tumors show
hemorrhage into their stroma or within tubular epithelial
profiles (Fig. 17), a renal origin is likely (60). Cytologically,
the cytoplasm may be optically clear or granular.
Cytoplasmic clearing is related to fat or glycogen accumu-
lation, as recognized respectively using Oil-Red-O (Fig. 18)
and PAS staining. Fortunately, current radiological imaging
studies are sensitive for the detection of even small renal
masses (61), and they should be obtained if the observed
pathologic features are as cited above.

An uncommon variant of gastric carcinoma, having a
tubulopapillary clear cell appearance, can simulate an
RCC (62). Conversely, the latter tumor entity may
secondarily involve the stomach and thereby cause
diagnostic confusion (63). However, the hypervascularity
that is so common in RCC is not encountered in clear cell
gastric carcinoma. PAS stains are positive in many clear
cell carcinomas, but intracytoplasmic diastase resistance
and mucicarmine reactivity are limited to primary gastric
neoplasms (64). The colloidal iron method will also label
clear cell cancers of the stomach.

F IGURE 16 Computed tomogram of the brain, demonstrating a
solitary ‘‘seminal’’ metastasis of renal cell carcinoma.

F IGURE 15 Metastatic conventional clear cell carcinoma of the
kidney, presenting with metastasis to the brain.
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The clear cell form of HCC (Fig. 19) is an uncommon
variant that can easily be confused with metastatic
tumors, most commonly those of renal, ovarian, or
adrenal origin (65, 66). Clear cell change in all of these
tumors results from accumulation of intracytoplasmic fat,
or glycogen, or both, making histochemical staining rather
unfruitful as a differential diagnostic tool. Hence, electron
microscopic evaluations are more helpful in resolving
problems of identity (see Chapter 4) (66). Cytologically,
smears of each of the lesions in this group are generally
hypercellular; they consist of loosely cohesive groups and
individually scattered malignant cells with anisonucleosis,
nuclear hyperchromasia, irregular prominent nucleoli, and
abundant finely vacuolated to clear cytoplasm (67).

Clear cell thyroid carcinomas of both the papillary
and follicular types have been reported (68). Although
clear cell change may be found focally in many thyroid
lesions, both benign and malignant, the authors have
limited this discussion to those in which clear cells are the
predominant or exclusive cell phenotype (Fig. 20). Again,
the ability of RCC to selectively involve the thyroid
accounts for the fact that metastatic RCC is the principal
differential diagnostic alternative to primary clear cell
carcinomas within the thyroid capsule (69, 70).

In extrathyroidal sites such as lymph nodes and
bone, metastatic clear cell thyroid cancers share many
histological features with other clear cell malignancies.

F IGURE 20 The clear cell subtype of follicular thyroid carcinoma is
particularly difficult to separate diagnostically from metastatic renal cell
carcinoma.F IGURE 18 Positive Oil-Red-O stain in metastatic renal cell carcinoma.

F IGURE 19 The clear cell variant of hepatocellular carcinoma can be
confused pathologically with metastatic carcinomas of renal, thyroid,
pulmonary, and other origins.

F IGURE 17 Intratumoral hemorrhage in metastatic renal cell carci-
noma is a characteristic finding in this tumor.
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Cytological findings in clear cell papillary thyroid carci-
noma (CCPTC) include the presence of nuclear pseudoin-
clusions and grooves, as seen in conventional papillary
tumors (71). Unfortunately, these are not specific and
can be observed in metastatic renal tumors as well (71).
In addition, multinucleated tumor cells may be seen in
CCPTC, and these are particularly helpful because they
are not a part of the cytologic spectrum of other clear cell
carcinomas (72). Follicular formations containing colloid-
like material are likewise supportive of clear cell follicular
thyroid carcinoma or CCPTC.

Sclerosing Clear Cell Malignancies

Clear cell carcinomas with a sclerotic stroma are almost
entirely restricted in distribution to the salivary glands,
and metastatic behavior in these tumors is distinctly
unusual. Hence, they are included here principally for the
sake of completeness. Hyalinizing clear cell carcinoma is a
rare, recently described entity that arises in minor salivary
glands and is usually confined to them (73, 74). It is
characterized by solid sheets and cords of large clear cells
separated by hyalinized collagen with focal myxoid
degeneration. Clear cells are also seen in acinic cell
carcinoma in approximately 6% of cases (Fig. 21) (74),
and even fewer demonstrate intratumoral fibrosis. The
vast majority of such tumors show cells with more typical
amphophilic or basophilic granular cytoplasm. Acinic cell
carcinomas do uncommonly involve the cervical lymph
nodes metastatically, but more distant spread is exceed-
ingly rare. Most pertinently to this discussion, such
salivary gland masses may be confused with clear cell
metastases from other organs, particularly the kidneys.

Salivary glandular clear cell carcinomas that show
sclerosis can generally be regarded as primary lesions,
because metastatic involvement of the salivary gland
apparatus from other anatomic sources, with this partic-
ular histologic feature, is highly unlikely (73). Neverthe-
less, as just mentioned above, some metastatic clear cell
(balloon cell) melanomas (75) may simulate the images of
sclerosing clear cell carcinomas, as may selected large cell
non-Hodgkin’s lymphomas, both inside and outside the
salivary glands (55). Hence, PAS and Fontana-Masson
stains should be performed routinely in these cases;
reactivity in either of these two methods militates strongly
against a diagnosis of lymphoma, and Fontana-Masson
positivity is diagnostic of melanoma in this particular
setting. Obviously, immunohistologic evaluations and
electron microscopy are also important additions.

Clear Cell Tumors Lacking Consistent Architectural Patterns

Clear cell malignancies in general are, as stated earlier,
weighted toward epithelial lesions. Clear cell carcinomas
with medullary growth or mixed architectural features
may originate in the salivary glands, prostate (“hyper-
nephroid” adenocarcinoma), male and female genital
tracts, kidneys, adrenal glands, skin, or lungs, among
other sites (55).

Other carcinomas that potentially assume a clear cell
image and lack a consistent growth pattern are repre-
sented by both adenocarcinomas and “hydropic” squa-
mous carcinomas (59). The organs of origin for such
lesions are diverse and include virtually any site in which a
glandular or squamous carcinoma may arise. Other than
anatomic patterns of spread and histochemical or ultra-
structural features in such lesions, there are no reliable
architectural or cytological features that can be used to
predict the topographic sources of these lesions.
Fortunately, the immunophenotypes of primary clear cell
prostatic, pulmonary, renal, salivary, and cutaneous
tumors demonstrate many points of dissimilarity, making
such profiles valuable in differential diagnosis (55) (see
Chapter 5).

Classic seminoma/germinoma represents a straight-
forward diagnosis when the tumor arises in the gonads;
however, this lesion is often misinterpreted when it
presents as a metastatic lesion or as a primary extra-
gonadal mass. A diffuse arrangement of clear tumor cells
is typical of this neoplasm, sometimes with irregular
separation or compartmentalization by fibrous stroma
(Fig. 22) (76). The latter can be highlighted with the use of
Snook’s stain, showing broad investment by reticulin of
neoplastic cell groups. Other common cytomorphologic
features of seminoma/germinoma include well-defined cell
borders, evenly spaced nuclei, and single prominent central
nucleoli (77). When they are present, multinucleated

F IGURE 21 Acinic cell carcinoma of the salivary glands may be
composed of clear cells, as shown here, but it rarely if ever presents with
metastatic disease in the absence of a known primary tumor.

C H A P T E R 3 � Histology and Cytopathology 115



syncytiotrophoblastic cells, epithelioid granulomas, and
a mature stromal lymphocytic infiltrate are also helpful
interpretatively. Abundant intracytoplasmic glycogen is
evident on PAS staining (Fig. 23).

Finally, a distinctive subset of tumors in this group are
those that have a clear cell appearance because of their
composition by “signet-ring” cells. These elements have
an intracytoplasmic vacuole that displaces the nucleus
to the periphery of the cell, yielding a configuration like
that of a signet ring (Fig. 24). Signet-ring cell tumors
are usually carcinomas, originating especially in the
breasts or the alimentary tract (78). However, lymphomas,

melanomas, neuroendocrine tumors, and some mesenchy-
mal malignancies (e.g., gastrointestinal stromal tumors)
also can have a partial or global signet-ring cell constitu-
ency (79–82). The vacuoles in signet-ring cell adenocarci-
nomas typically are labeled with the PAS procedure and the
colloidal iron technique (Fig. 25) (83).

Malignant Spindle Cell and Pleomorphic Tumors

Metastatic carcinomas from various organ sites may
occasionally have such overwhelming spindle cell compo-
nents that they virtually perfectly reproduce the appearance

F IGURE 24 Signet-ring cell adenocarcinomas comprise neoplastic
cells with intracytoplasmic vacuoles that displace the nucleus.

F IGURE 25 Colloidal iron positivity (for mucin) in signet-ring cell
adenocarcinoma.

F IGURE 23 Seminoma is typically reactive with the periodic acid-
Schiff (PAS) stain, as shown here.

F IGURE 22 Seminoma is another tumor type that demonstrates a clear
cell constituency.
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of sarcomas (84). For example, a relatively common setting
is that of a bone lesion composed of spindle cells for which a
primary osseous origin cannot be excluded on radiographic
studies or conventional pathologic assessment (Fig. 26). A
significant proportion of these cases represent metastatic
sarcomatoid renal cell or lung carcinomas, and additional
imaging reveals a mass in the kidney or thorax (85, 86). In
such instances, the primary tumors may be entirely
sarcomatoid (Fig. 27) or represent a preponderance of
epithelioid cells with only focal spindle cell differentiation.
Morphologically, similar primary sarcoma-like carcinomas
may also be encountered in the urinary tract, female genital
tract, alimentary tract and pancreas, thyroid, upper airway
mucosa, and other locations (84). Thus, malignant spindle
cell tumors in potential secondary sites such as the lymph
nodes, bones, lungs, brain, and liver should be subjected to a
careful search for foci of clustered polyhedral cells,which, if
found, would argue strongly for a diagnosis of carcinoma.

Cytologically, the image of sarcomatoid carcinoma
(SC) is much more suggestive of true sarcoma than of an
epithelial neoplasm. Cellular dyshesion, anisocytosis,
nuclear pleomorphism, unremarkable cytoplasmic details,
and nondescript stroma are their usual features (Fig. 28)
(87). Obviously, the level of suspicion for SC must be high
in these circumstances, and adjunctive studies are

mandatory to establish a firm objective diagnosis.
Similar comments apply to spindle cell and pleomorphic
melanomas, which likewise may present with metastatic
disease and a lack of melanin pigment (88).

With regard to true spindle cell sarcomas, it should be
remembered that these neoplasms only exceptionally
manifest themselves initially with metastatic disease in
the absence of a known primary tumor. Malignant fibrous

F IGURE 28 Fine-needle aspiration biopsy of sarcomatoid carcinoma,
showing dyshesive and obviously atypical tumor cells. This image would
also be expected in sarcomas.

F IGURE 27 Metastatic sarcomatoid carcinomas comprise fusiform and
pleomorphic cells, closely simulating the histological appearance of
primary sarcomas.

F IGURE 26 MRI showing metastatic clear cell renal cell carcinoma
presenting with unifocal osseous metastasis.
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histiocytomas in various locations and leiomyosarcomas
of the deep soft tissue or myometrium occasionally may
do so, but generally speaking, metastatic sarcomas are not
associated with occult topographic origins.
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n INTRODUCTION

Rather commonly, pathologists are faced with the need to
determine the characteristics of an obviously epithelial
malignancy, with respect to its primary or secondary
nature, or, if it is clearly metastatic, its anatomic site of
origin. Examples of these situations include small cell
“undifferentiated” carcinomas in many locations, adeno-
carcinomas presenting with lymph nodal or visceral
metastasis, and cases in which histologically similar
tumors are seen synchronously in two organ sites such
as the lung and liver, the breast and lung, or the lung and
adrenal gland. Another related problem is “regional”
differential diagnosis of high-grade carcinomas or other
histologically similar tumors. In this setting one may be
interested in distinguishing a renal neoplasm from an
adrenocortical lesion when analyzing a large mass that
encompasses both the kidney and adrenal gland, distin-
guishing between hepatocellular carcinoma and cholan-
giocarcinoma in the liver, determining whether a tumor
straddling the bladder and prostate is a transitional-cell

carcinoma or a prostatic adenocarcinoma, or separating a
malignant epithelioid mesothelioma from adenocarcino-
ma involving the serosal surfaces.

Some poorly differentiated tumors have sufficiently
distinctive histological features that they can be reliably
identified on conventional microscopy. However, these
lesions are generally few in number, and widely divergent
opinions may therefore be expected in evaluating high-
grade malignancies by examination of routinely stained
tissue sections. The latter statement is true regardless of
the amount of interpretative experience that various
observers have accrued. For this reason, adjunctive
morphological methods now have an important role in
the evaluation of histologically indeterminate or ana-
plastic malignancies. This section addresses the applica-
tion of electron microscopy in the previously mentioned
settings, and considers the strengths and the limitations of
this procedure.

n GENERAL ULTRASTRUCTURAL APPROACH
TO MORPHOLOGICALLY INDETERMINATE
TUMORS

When one is faced with a histologically undifferentiated or
indeterminate malignant neoplasm, the first task in
diagnosis is to determine the general lineage of the
lesion. Is the tumor a sarcoma, a lymphoma, a melanoma,
or a carcinoma? Indeed, this question still drives the
principal application of electron microscopy in surgical
pathology (1).

In the sarcomatous group of neoplasms, several have
distinguishing ultrastructural characteristics that allow for
a definitive diagnosis. For example, rhabdomyosarcomas
contain actin and myosin filaments in register with one
another, recapitulating, in a primitive way, normal
sarcomeric structure (Fig. 1) (2–5). Leiomyosarcomas
contain skeins of thin filaments that are punctuated by
dense bodies, and cell membranes demonstrate the
presence of dense plaques and pinocytotic vesicles



(Fig. 2) (6). Peripheral nerve sheath sarcomas exhibit
elongated, overlapping, and attenuated cellular processes,
which are invested by the basal lamina and may embrace

long-spaced collagen in the intercellular spaces (Fig. 3) (7).
On the other hand, the electron microscopic image of
Ewing’s sarcoma-primitive neuroectodermal tumor
(PNET) represents a possible diagnostic pitfall in that it
can be mistaken for an epithelial neoplasm. This is because
PNET often shows small intercellular junctional com-
plexes and may contain abundant cytoplasmic glycogen
(Fig. 4) (5, 8, 9), features that one usually associates with
carcinomas. Paradoxically, it is notable that small cell
carcinomas, with which PNET can be confused histolog-
ically, are only very glycogen-rich in rare cases (10).

Melanomas are typified ultrastructurally by their
content of premelanosomes. These cytoplasmic inclusions
are ovoid or rounded structures of medium- or high-
electron density, and they contain internal striations
(Fig. 5) (11–14). The detection of premelanosomes may
require a diligent search of several electron microscopic
sections, because amelanotic melanomas contain very few
of them (13). This is an important caveat, because the
overall ultrastructural image of melanoma cells may
otherwise be quite similar to those of undifferentiated
carcinomas (11, 15).

Regardless of the particular subtype of lymphoma
under study, the basic ultrastructural composition of this
tumor group is similar (16–20). Only the most basic

F IGURE 1 Electron photomicrograph of embryonal rhabdomyosar-
coma, showing abundant intracellular glycogen and primitive sarcomeric
arrays comprising thin and thick filaments.

F IGURE 2 Electron photomicrograph of leiomyosarcoma, demonstrat-
ing parallel arrays of intermediate filaments that are punctuated by dense
bodies. Subplasmalemmal dense patches and pinocytotic vesicles are
also present.

F IGURE 3 A Schwann cell, peripheral-nerve sheath tumor is shown
here, with overlapping cell processes, pericellular basal lamina, and
‘‘long-spaced’’ collagen (center of figure).
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cytoplasmic organelles, such as endoplasmic reticulum,
mitochondria, lysosomes, and Golgi apparatus, are
present. Lymphomas do not manifest intercellular junc-
tions, skeins of microfilaments, neurosecretory granules
(NSGs), or any other distinctive cytoplasmic inclusions
(Fig. 6) (20). Thus, it should be no surprise that electron
microscopy is not particularly definitive in identifying
lymphoid lesions. From a diagnostic perspective, the lack
of salient ultrastructural findings is never as helpful as
their presence.

Finally, carcinomas are, first and foremost, charac-
terized by their formation of well-defined intercellular
junctional attachments. These vary in complexity—from

macular to complex and elongated—but their general
structure includes well-defined densities in apposing and
adjacent cell membranes, with an intervening zone of
dense matrix (Fig. 7) (1, 15, 21–24). In addition, most

F IGURE 5 Melanomas contain variable numbers of premelanosomes,
as shown here. They are cytoplasmic structures that resemble lysosomes,
except for the presence of internal striations.

F IGURE 6 Large cell lymphoma is ultrastructurally nondescript. It does
not manifest the presence of intercellular junctional complexes, and
cytoplasmic organelles are ‘‘basic.’’

F IGURE 7 Well-formed intercellular junctional complexes, as typically
seen in epithelial cells, demonstrate appositional plasmalemmal plaques
and an intervening zone of extracellular density.

F IGURE 4 A primitive neuroectodermal tumor (PNET) is shown in this
electron photomicrograph. Tumor cells are constitutively primitive, except
for their content of abundant intracytoplasmic glycogen.
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carcinomas (even “undifferentiated” ones) contain identi-
fiable skeins of cytoplasmic intermediate filaments, which
often insert into junctional intercellular attachments
(Fig. 8) (21, 22).

Further definition of squamous cell carcinoma or
transitional cell carcinoma is possible when one observes
densely aggregated intermediate filaments forming tonofi-
brils (also called tonofilaments) (Fig. 9). These very
commonly are attached to intercellular junctional com-
plexes (25–28). In comparison, adenocarcinomas are
generically recognized by their formation of glandular
lumina, which may either be intercellular or intracellular
(Fig. 10) (27–32). The latter possibility is especially true
of signet-ring cell adenocarcinomas (29, 33). The luminal
spaces may contain amorphous secretory material or
poorly electron-dense mucin. Tonofibrils are not observed.

Neuroendocrine carcinomas (NECs) are described in
a subsequent section of this chapter.

n ELECTRON MICROSCOPY OF SELECTED
EPITHELIAL MALIGNANCIES

Once a metastatic lesion is defined as a carcinoma, further
details of its electron microscopic phenotype should be
studied for further classification. Because the ultrastruc-
tural features of all epithelial neoplasms cannot be covered

F IGURE 9 Tonofibrils (aggregated bundles of intermediate filaments)
often insert into well-formed intercellular junctions in squamous
carcinomas.

F IGURE 10 This metastatic adenocarcinoma shows the formation of
intercellular lumina that are bound by junctional complexes.
Plasmalemmal microvilli project into the spaces.

F I GUR E 8 Even poorly differentiated carcinoma, including the
lymphoepithelioma-like carcinoma shown here, contain intercellular
junctional complexes and at least some definable cytoplasmic inter-
mediate filament bundles.
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in this chapter, only selected tumor entities in which
electron microscopic findings are in some way distinctive
are considered here. There are few epithelial tumors the
ultrastructural features of which are so singular that they
allow for a conclusive diagnosis to be made. Indeed, only
epithelioid malignant mesotheliomas and NECs truly fall
into this category.

Malignant Epithelioid Mesotheliomas

In mesotheliomas, a constellation of findings that includes
abundant skeins of cytoplasmic intermediate filaments
(with focal formation of tonofibrils), elongated and
complex intercellular junctional complexes, an absence
of mucin droplets, and the presence of branched microvilli
with a length-to-diameter ratio (LDR) of 10:1 or more is
virtually pathognomonic (Figs. 11 and 12) (31, 34–38).
Relatively few neoplasms show all of these characteristics
(39), but most mesothelial proliferations demonstrate
enough of them so as to make their recognition possible.
In contrast, adenocarcinomas of various anatomic ori-
gins—which represent the principal diagnostic alternative
to malignant mesothelioma—exhibit short truncated
microvilli and an absence of tonofibrils, and rather
commonly also show intracytoplasmic mucin granules
(Figs. 13 and 14) (26, 30–32, 40–42).

Illustrative Case 1: Pseudomesotheliomatous
Adenocarcinoma of the Lung

A 59-year-old man presented with a three-month history
of cough, right-sided chest pain, and progressive shortness
of breath. He had a 40-pack-year cigarette smoking
history. Chest radiographs and computed tomograms
showed a large right pleural effusion, as well as diffuse
thickening of the right pleura by a soft tissue mass. There
were no discrete intrapulmonary tumors. Videoscopic

F I G U R E 12 The microvilli in mesothelioma have a length-to-
diameter ratio of at least 1:10, as opposed to a lower denominator in
adenocarcinomas.

F IGURE 11 Epithelioid mesothelioma, shown here, is characterized
by elongated and often-branching microvilli on the surfaces of the tumor
cells.

F IGURE 13 The microvilli in this metastatic adenocarcinoma have a
length-to-diameter ratio of 1:4 or 1:5.
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thoracoscopy showed that the right pleura was markedly
indurated, and that the right lung was encased by a dense
“rind” of tissue. A biopsy of the latter was obtained and
is represented by the neoplasm shown in Figure 15.

Because a diagnostic decision between epithelioid meso-
thelioma and “pseudomesotheliomatous” adenocarcino-
ma of the lung could not be reached on the basis of
conventional histology alone, electron microscopy was
performed on glutaraldehyde-fixed tissue. This procedure
showed the presence of an epithelial neoplasm with
nonbranching surface microvilli having an LDR of 1:6
(Fig. 16), in addition to occasional cytoplasmic mucin
granules. No tonofibrils or complicated intercellular
junctions were apparent. These characteristics indicated
a diagnosis of adenocarcinoma, which was felt to be a
primary pleurotropic (“pseudomesotheliomatous”) pul-
monary lesion.

Neuroendocrine Carcinomas

NECs have comparable electron microscopic attributes
regardless of their sites of anatomic origin. They feature
the presence of small, macular, intercellular junctional
complexes, a relative prominence of Golgi apparatus and
rough endoplasmic reticulum, and dispersed NSGs. The
latter inclusions are round, dense-core structures with a
peripheral zone of lucency, varying from 50 to 450 nm
in diameter (Figs. 17 and 18) (43). Their intracellular
numbers vary inversely with the grade of the tumor; in
other words, well-differentiated NECs contain numerous
NSGs, whereas high-grade small cell or large cell NECs
show only scattered cytoplasmic inclusions of this type
(44). Many NECs also show a paranuclear aggregation of
intermediate (7–10 nm) filaments, in which dense-core
granules may be enmeshed (Fig. 19) (22, 43, 45).

F IGURE 15 Pleural biopsy in illustrative case 1, showing the presence
of a malignant, poorly differentiated, epithelioid neoplasm, the differ-
ential diagnosis for which is adenocarcinoma versus mesothelioma.

F IGURE 16 Electron photomicrograph from illustrative case 1, show-
ing short cell surface microvilli with a length-to-diameter ratio of 1:6. The
final diagnosis was that of ‘‘pseudomesotheliomatous’’ (pleurotropic)
adenocarcinoma of the lung.

F IGURE 14 This metastatic adenocarcinoma exhibits ‘‘stubby’’ cell-
surface microvilli and also the presence of cytoplasmic mucin granules.
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Otherwise, the organelles seen in NECs are relatively
nondescript, including mitochondria, rough endoplasmic
reticulum, and scattered lysosomes. The latter may some-
times be difficult to distinguish from neurosecretory
inclusions, necessitating such techniques as the uranaffin
reaction (which is selective for NSGs) (46). Exceptions to
this ultrastructural profile are NECs with brisk secretory
activity, e.g., those that synthesize high levels of

neuropeptides such as ACTH. They have a much
expanded rough endoplasmic reticulum and prominent
Golgi bodies (47). Tonofibrils, intracellular lumina, and
intercellular lumina are not seen in “pure” NECs, but they
may be demonstrable in neoplasms with mixed attributes,
e.g., mixed small cell NEC squamous cell carcinoma, or
carcinomas that do have a neuroendocrine phenotype on
light microscopy but show “occult” neuroendocrine
differentiation (48) (see Chapter 1). Lastly, there are no
reliable electron microscopic features of NECs that allow
for prediction of a primary site, when they present as
metastatic malignancy of unknown origin.

Illustrative Case 2: Metastatic Large Cell NEC

A 61-year-old male smoker presented with abrupt onset of
grand-mal seizures. Radiographic studies of the brain
demonstrated a single 3-cm lesion in the frontal lobe, with
a peripheral rim of edema (Fig. 20). Additional imaging of
the chest, thorax, and pelvis failed to reveal another mass.
Craniotomy and resection of the tumor demonstrated a
large cell neoplasm with numerous mitoses and “geo-
graphic” zones of necrosis on histological examination
(Fig. 21). The tumor cells were arranged in broad clusters
and sheets, and focal nuclear molding was observed
(Fig. 22). There were no glandular lumina or foci of
keratinization.

Electron microscopy showed the presence of well-
defined macular intercellular junctional complexes. Only
dispersed intermediate filaments were present in the
cytoplasm, but a moderate number of NSGs were
apparent, together with relatively prominent Golgi bodies

F IGURE 19 In some neuroendocrine carcinomas, particularly those
with a small cell appearance, neurosecretory granules may be enmeshed
in paranuclear whorls of intermediate filaments.

F IGURE 17 Neuroendocrine carcinomas contain variable numbers of
cytoplasmic neurosecretory granules. These structures have a dense core,
a peripheral ‘‘halo’’ beneath a limiting membrane, and a size ranging
from 50 to 450 nm in diameter.

F IGURE 18 The number of neurosecretory granules in neuroendocrine
carcinoma is inversely related to the grade of the tumor. Figure 17 was
taken from a low-grade lesion, whereas this electron photomicrograph
depicts a grade 2 neoplasm.
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(Fig. 23). No tonofibrils or glandular lumina were evident.
When taken together with the histopathological attributes
of the lesion, the ultrastructural findings were felt to be
diagnostic of large cell, poorly differentiated NEC.

In light of this information, and with the mode of
tumor presentation in mind, a high-resolution CT of the
thorax was taken. It demonstrated a small peripheral mass
in the right lung (Fig. 24), and fine-needle aspiration of the
lesion confirmed the diagnosis of primary lung carcinoma.

F IGURE 20 CT of the head in illustrative case 2, showing a nodular
mass in the right frontal lobe with a zone of perilesional edema. This
appearance is consistent with that of a metastasis.

F IGURE 21 Excision of the mass shown in Figure 20 demonstrated a
largely necrotic carcinoma.

F IGURE 22 High-power photomicrograph of the lesion shown in
Figure 20, showing the presence of relatively monomorphic large tumor
cells with dispersed chromatin and nuclear molding.

F IGURE 23 This electron photomicrograph of the tumor shown in
Figures 20 and 21 reveals the presence of cytoplasmic neurosecretory
granules. Together with the histological features of the lesion, this finding
establishes the diagnosis of metastatic large cell neuroendocrine
carcinoma. The most likely organ of origin was thought to be the lung.
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n GROUPS OF CARCINOMAS WITH SPECIAL
ULTRASTRUCTURAL FEATURES

Aside from the neoplasms just described, there are really
no individual malignant epithelial lesions that have truly
unique electron microscopic features. Nonetheless, one
may still gain useful information from ultrastructural
studies of several other carcinomatous morphotypes, in
the sense that extensive differential diagnostic consider-
ations may be abridged using the observations that are
made. In this context, there are four major groups of
epithelial malignancies that can be considered as units on
the basis of their fine structural attributes.

Carcinomas with Specialized Cell-Surface Structures

Some normal epithelia and related tumors show distinc-
tive alterations of the cellular surfaces. In particular,
enteric lining cells demonstrate two specific features, a
terminal subplasmalemmal “web” and glycocalyceal
bodies, which set them apart from other epithelia
(49–51). The first of these structures is a network of
filaments that extends into the centers of surface micro-
villi, as well as forming a perpendicular connection of the
latter “core rootlets” (Fig. 25) (52). On one hand,
terminal webs are most typical of intestinal epithelial
tumors, but they also have been reported in pulmonary
adenocarcinomas with enteric features (53). On the other
hand, glycocalyceal bodies are membrane-bound vesicular

structures that are located in the apices of epithelial cells
that surround luminal spaces (Fig. 26) (49). They are
variously thought to be formed by “budding” of the
plasmalemma or exocytosis of cytoplasmic vesicles, and
they contain relatively uniformly electron-dense, granular,
amorphous material (54). As distinguished from other
endocytotic vesicles, glycocalyceal bodies are another

F IGURE 24 Subsequent CT of the chest in illustrative case 2, showing
a small peripheral mass in the right lung field. Fine-needle aspiration
biopsy of the nodule confirmed the diagnosis of large cell, neuroendo-
crine carcinoma.

F IGURE 25 Enteric-type adenocarcinomas are characterized by the
presence of a ‘‘terminal web’’ of intermediate filaments, which insert into
the cores of plasmalemmal microvilli (‘‘core rootlets’’).

F IGURE 26 Glycocalyceal bodies are also typical of enteric adeno-
carcinomas. These structures are round, with a thin external zone of
density, and they are found in lumina formed by adjacent tumor cells.
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marker of enteric epithelial differentiation. Like terminal
webs, they are observed in most gastrointestinal tumors
and selected pulmonary neoplasms (53, 54).

Illustrative Case 3: Metastatic Colonic
Adenocarcinoma

A 49-year-old man consulted his physician with a four-
month history of progressive right upper abdominal pain,
which was unassociated with oral intake and noncolicky in
character. Hepatic ultrasonography showed no abnormal-
ities of the gallbladder, but it did demonstrate several
hypoechoic lesions of the hepatic parenchyma, which were
confirmed by CT (Fig. 27). Laparoscopic biopsy yielded the
specimen represented in Figure 28, showing the presence of a
metastatic adenocarcinoma.This tumorwas thought to have
enteric characteristics on conventional microscopy, but
electronmicroscopywas pursued to confirm this impression.
The latter evaluation demonstrated the presence of a
terminal web in the neoplastic cells (Fig. 29), objectifying
the light microscopic interpretation. Subsequent colono-
scopy revealed a cecal adenocarcinoma and numerous
adenomatous polyps of the large intestine.

Carcinomas with Distinctive Intracytoplasmic Inclusions

Certain adenocarcinomas display intracellular structures
in the tumor cells, which may permit one to restrict
attention to just a few possible primary sites for metastatic
lesions. For example, the finding of intracytoplasmic
lumina (Fig. 30) would suggest that a secondary glandular
tumor may have arisen in the breasts or the gastro-
intestinal tract (29, 33). Similarly, large cytoplasmic
mucin granules (Fig. 31) suggest a potential origin in the

gastrointestinal tract, endocervix, ovary, or lung (40, 41,
52, 55). Two forms of adenocarcinoma exhibit the pre-
sence of intracellular inclusions that are sufficiently
unusual that they allow the observer to localize one site
of origin for metastatic deposits in lymph nodes or other
sites. These are pulmonary tumors with at least some
features of bronchioloalveolar carcinoma (BAC), in which
small dense mucin granules and lamellated “myelinoid”
inclusions are seen in the cytoplasm (27, 30, 41, 51), and
selected examples of prostatic adenocarcinoma that

F IGURE 27 CT of the abdomen in illustrative case 3, showing the
presence of numerous nodular hypodense lesions throughout the liver.

F IGURE 28 A liver biopsy in illustrative case 3 revealed the presence
of metastatic adenocarcinoma.

F IGURE 29 Electron microscopy of the lesion shown in Figure 28,
demonstrating a terminal web in the neoplastic cells. This finding
indicated a probable gastrointestinal origin for the tumor, which was
subsequently confirmed at colonoscopy.

130 P A R T I I � Pathological Evaluation of Metastases



display the presence of intercellular or intracytoplasmic
crystalloids at an ultrastructural level (Fig. 32) (56, 57).
Very rarely, the latter inclusions also may be evident in
metastases by light microscopy (58).

Illustrative Case 4: Metastatic Pulmonary
Micropapillary Adenocarcinoma

A 57-year-old man experienced progressive weight loss
and fatigue over the course of six months. He had not
altered his diet or other personal habits during that time.
Social habits included smoking (two packs per day for
40 years) as well as periodic alcohol abuse; the patient was
employed as a laborer in a foundry. Physical examination
showed to be a thin individual with signs of chronic
obstructive pulmonary disease. In addition, an enlarged
right supraclavicular lymph node was palpable, measuring
3 cm in greatest dimension. Chest radiographs showed
consolidation of the right middle lobe, which was felt to
be a focus of probable bronchopneumonia. An excisional
supraclavicular lymph node biopsy was obtained, reveal-
ing metastatic adenocarcinoma with micropapillary fea-
tures (Fig. 33). Ultrastructural examination of the tumor
showed the presence of scattered cytoplasmic “myelinoid”
surfactant-like bodies (Fig. 34), which were thought to be
typical of those seen in BAC. Subsequent sputum cytology
specimens were indeed found to contain malignant
glandular epithelial cells.

Carcinomas with Distinctive Constellations of Organelles

Three forms of adenocarcinoma are typified by their
aggregate cytoplasmic contents, in the sense that one or
more of the “usual” metabolic organelles assume an
unusual prominence that may permit the observer to
localize the anatomic source of the tumor. The lesions in
this category include renal cell carcinoma and its variants

F IGURE 30 Adenocarcinomas with intracellular lumina, as shown in
this electron photomicrograph, usually originate in the breasts or the
gastrointestinal tract.

F IGURE 31 Cytoplasmic mucin granules, depicted here, are typical of
adenocarcinomas arising in the lungs, pancreas, or gastrointestinal tract.

F IGURE 32 Rarely, adenocarcinomas are associated with the forma-
tion of elongated intercellular crystalloids, as seen by electron micro-
scopy. This finding is virtually pathognomonic of a prostatic origin.
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(59–61), hepatocellular carcinoma (62, 63), and adreno-
cortical carcinoma (64, 65). Dominant organelles that
these tumors may contain are used in combination (and
with attention to their semiquantitative nature) to bias
the investigator toward one or the other of the specified
neoplasms. Renal cell carcinomas typically contain a
mixture of cytoplasmic glycogen and lipid deposits that
are visible ultrastructurally. They may show small cell

surface microvilli and pericellular basal lamina as well,
and mitochondrial structure is usually banal (Fig. 35)
(61). In contrast, adrenocortical carcinomas do not often
show cytoplasmic glycogen pools, although they certainly
do contain lipid deposits; their mitochondria have an
unusual internal configuration featuring “tubulovesicu-
lar” cristae (Fig. 36), and basal lamina formation is not
common (65). Hepatocellular carcinomas demonstrate a
potential mixture of all of these features, but in addition,
they may contain intracellular or intercellular bile
droplets (63).

It should be readily apparent that the above-cited
features are sometimes less than definitive. However, an
example in which an intrapulmonary deposit of carcinoma
shows abundant basal lamina together with numerous
glycogen granules, well-developed cell junctions, and an
absence of cytoplasmic bile droplets would certainly skew
the probable diagnosis toward that of metastatic renal cell
carcinoma (60).

Carcinomas with Sarcomatoid Features

In general, neoplasms with the histological characteristics
of sarcomas, but which arise in the mucosae or visceral
organs, are best considered as sarcomatoid carcinomas
until proven otherwise. Tumors with such features have

F IGURE 33 A right supraclavicular lymph node biopsy in illustrative
case 4 showed metastatic adenocarcinoma with micropapillary features.

F IGURE 34 Ultrastructural study of the tumor seen in Figure 33 showed
cytoplasmic ‘‘myelinoid’’ figures, representing surfactant-related inclu-
sions. This feature indicated a probable pulmonary origin for the
metastatic nodal lesion.

F IGURE 35 Renal cell carcinomas are typified ultrastructurally by
abundant glycogen content, with or without cytoplasmic lipid as well.
Formation of short microvilli is also relatively common.
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been reported in a wide variety of anatomic locations and
under several nosologic designations, but they are most
common in the kidney, lungs, and upper aerodigestive
tract mucosa (66). Although it is true that these peculiar
forms of poorly differentiated squamous carcinomas,
adenocarcinomas, or transitional cell carcinomas com-
monly lose many of the expected ultrastructural attributes
of epithelial differentiation, electron microscopy is still
potentially valuable in establishing their nonsarcomatous
nature (67–69). In the author’s experience, approximately
50% of sarcomatoid carcinomas demonstrate retention of
at least some epithelial characteristics, such as identifiable
intercellular junctional complexes, cytoplasmic tonofi-
brils, intracellular or intercellular lumen formation, and
elaboration of basal laminar material (60, 70). Tissue
sampling is a critical issue in this context, as many
sarcomatoid carcinomas may exhibit “divergent” differ-
entiation into specialized mesenchymal-like elements that
closely simulate striated muscle, cartilage, or bone (in so-
called “carcinosarcomas”) (66). Hence, unless several
tissue blocks are examined in such cases, an erroneous
diagnosis of a true sarcoma may be made. It should also be
remembered that immunohistologic analysis is, in most
instances, more effective than electron microscopy for the
elucidation of epithelial differentiation in sarcomatoid
carcinomas (70).

Illustrative Case 5: Sarcomatoid Transitional Cell
Carcinoma of Urinary Bladder

A 76-year-old man presented to his physician with a four-
month history of progressively worsening but painless
gross hematuria. An involuntary 10-pound weight loss
had also been experienced during the same time period.
Cytological examination of the urine showed the presence
of malignant cells with spindled and pleomorphic shapes
(Fig. 37), and cystoscopy demonstrated the presence of a
large, ulcerated, polypoid tumor mass in the posterior
wall of the bladder. A biopsy of the latter lesion showed

F IGURE 36 This electron photomicrograph shows an adrenocortical
carcinoma, with ‘‘tubulovesicular’’ mitochondrial cristae. These structures
correlate with steroid-hormone production by the neoplastic cells.

F IGURE 37 Urine cytology specimen in illustrative case 4, showing a
loosely cohesive group of bluntly fusiform malignant cells.

F IGURE 38 Cytoscopy in illustrative case 4 showed a large, ulcerated,
polypoid tumor in the bladder, a biopsy of which is shown here. The
appearance is that of a malignant lesion with the histological features of a
sarcoma.
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a tumor with the apparent histological features of
malignant fibrous histiocytoma (Figs. 38 and 39), but
electron microscopy of the mass revealed intercellular
junctions between the neoplastic cells as well as rare
cytoplasmic tonofibrils (Fig. 40). In light of these findings, a
diagnosis of sarcomatoid transitional cell carcinoma was
made and a total cystectomy was performed.
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n INTRODUCTION

A malignancy is labeled as a metastatic cancer of unknown
primary site (CUP) when meticulous clinical and radio-
graphic examination and tissue evaluation fails to accurately
identify the primary source of growth. However, a tumor
diagnosed as CUP two decades agomight not be classified as
such today, because the technological advancement in
radiographic techniques and immunohistologic/molecular
evaluation of tumor tissue can predict the site of origin to a
degree of certainty that was never before possible. Evenwith
currently available techniques, approximately 5% of all
malignancies are still finally classified as CUP (1, 2).

Although the term carcinoma of unknown primary
site is often used interchangeably with cancer of unknown
origin, not all such malignancies are epithelial in nature.
This chapter reviews the pathological triage and evalua-
tion of all types of malignant neoplasms that may present
with metastasis with the main focus on carcinomas, which
comprise the predominant category (approximately 90–
95%) of CUP cases (2–4).

A general surgical pathologist encounters most exam-
ples of CUP in core biopsies or incisional or excisional
biopsies of a clinically accessible lesion. The amount of

tissue provided is generally small, which sometimes
significantly limits definitive evaluation of the lesion.
Whenever possible, the pathologist should ask for a
reasonably generous sample if CUP is the suspected clinical
diagnosis. It is also advisable to request that fresh tissue be
submitted, which can then be used for cytogenetic studies,
electron microscopy (EM), flow cytometry, and molecular
analysis. Recent advances in molecular pathology have, to
some extent, obviated the need for someof these techniques.
If not enough tissue is available, the recommendation is to
freeze at least some of the sample after triaging a portion for
morphological analysis, because frozen tissue is the most
desirable for molecular assessment (5).

After a biopsy is obtained in a suspected CUP case, the
responsibility falls on the surgical pathologist to make a
definitive diagnosis and, if possible, to determine the site
of origin for the tumor in question. CUP cases are among
the most challenging ones seen by pathologists. Clinical
history is crucial, as obtained from clinicians or from
electronic medical records. In particular, the past surgical
history occasionally may provide a critical clue to the
source of CUP. For example, a small cell tumor in the
pelvis may represent a recurrent endometrial stromal
sarcoma that was not recognized in a previous hyster-
ectomy specimen. The pathologist therefore should review
any surgical specimen that might be pertinent.

n TRIAGE IN ANATOMIC PATHOLOGY

The first step in the pathological evaluation of CUP is
histological evaluation with conventional hematoxylin and
eosin stains. This process allows for confident recogni-
tion in a good number of cases of carcinoma morpho-
types, sarcomas, melanomas, lymphomas, and germ cell
tumors (6). When a tumor presents as CUP, however, it
may sometimes be so poorly differentiated that addi-
tional evaluations are needed for diagnostic character-
ization. One procedure used to that end is EM, as
considered in Chapter 4. In addition, many antibodies



have now been developed for diagnostic use that are
active in formalin-fixed and paraffin-embedded (FFPE)
tissues. Indeed, immunohistochemical evaluation is often
the second step in the triage of CUP cases (6–11).

‘‘Screening’’ Immunohistochemistry

An abbreviated initial panel to address the lineage of
differentiation in CUP comprises epithelial markers (pan-
keratins, MOC-31, E-cadherin), mesenchymal markers
(vimentin, N-cadherin), hematolymphoid determinants
[e.g., CD45 (leukocyte common antigen)], andmelanocytic
markers (S100 protein,melan-A). Vimentin is considered to
be a pan-mesenchymal intermediate filament protein (12),
but it may be expressed in many poorly differentiated
carcinomas and melanomas as well (13). With this specific
exception, the other markers just listed are helpful in
pointing to a likely lineage for the tumor in question.

Lymphoid Lesions

The preliminary panel generally is followed by a more
extensive immunohistological evaluation. For example,
CD45-positive tumors are studied with antibodies to
CD20, CD79a, PAX5, CD3, CD5, CD43, and other
lymphoid-subset markers (14, 15). If granulocytic sarco-
ma is judged to be a possibility, myeloid markers may be
employed (16–18). These stains include myeloperoxidase,
lysozyme, and CD117 (19–21). CD43 and CD68 are also
potentially positive in granulocytic sarcomas (17, 22, 23).

Melanocytic Lesions

Diffuse and strong nucleocytoplasmic staining for S100
protein in the absence of keratin or CD45, constitutes
good evidence that the tumor is a melanoma (Fig. 1) (24–
26). This conclusion can be confirmed by additional
melanocyte-related markers such as HMB-45, melan-A
(MART-1), tyrosinase, or PNL2 (Fig. 1). S100 protein
may also be expressed by selected carcinomas (27, 28) and
sarcomas (liposarcoma; chondrosarcoma; malignant pe-
ripheral nerve sheath tumors) (29, 30). An additional
pitfall is that rare melanomas may show reactivity with
heteroantisera to carcinoembryonic antigen (CEA) and
antibodies to keratins 8 and 18 (31–33).

Sarcomas

Strong vimentin expression in a nonmelanocytic, non-
lymphoid neoplasm is generally an indication of sarcoma.
Most, but not all, mesenchymal malignancies are
negative for epithelial markers; however, epithelioid
sarcoma, as its name suggests, reproducibly shows
epithelial differentiation, and synovial sarcoma does so
as well (34–37). Nonetheless, mesenchymal neoplasms

that are usually considered in CUP cases are those that
have a more indeterminate morphological image than
those of epithelioid or synovial sarcoma, for example,
Ewing’s sarcoma/primitive neuroectodermal tumor
(PNET), desmoplastic small round cell tumor, rhabdo-
myosarcoma, clear cell sarcoma, and “solid” angiosarco-
ma. In some cases, many immunostains must be obtained
in order to render a diagnosis of a specific sarcoma
morphotype (38), and, in CUP cases, one must have a high
index of suspicion that the lesion is, in fact, not epithelial
but mesenchymal (Fig. 2).

Immunohistochemistry (IHC) is valuable in this
context (39, 40). For example, a small round-cell tumor
that expresses CD99 in a young adult may be a PNET. At
a molecular level, the EWS-FLI1 fusion transcript is
expected in this entity, and, currently, reverse tran-
scriptase–polymerase chain reaction assays can be done
on FFPE tissue to detect it (41, 42). Triage for sarcomas in
general is outlined in Table 1.

F IGURE 1 Typical diffuse nucleocytoplasmic S100 expression in a
melanoma (A). Contrast this with cytoplasmic Melan-A staining in another
case of melanoma (B). Fast red was used as chromogen.
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F IGURE 2 This angiosarcoma (A) in the vulvar area showed
patchy staining for CK7 (B) and CAM5.2. The tumor was negative for
all other epithelial markers. Diffuse strong reactivity for CD31 (C),
CD34 (D), and vimentin (E) supported the correct diagnosis of
angiosarcoma.
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n Table 1 Sarcomas that can present as CUP

Sarcoma Type Age/Site Morphology Special Stains/IHC

Ancillary Techniques for
Confirmation of

Diagnosis

Ewings sarcoma/

PNET

Usually <30 yr. Chest
wall, extremities,

retroperitoneum,

pelvis. Metastases to

lungs and bone

Small round blue cell tumor PASþ, CD99þ,

FLI1þ
RT-PCR for EWS-FLI1,

EWS-ERG, EWS-ETV1,

EWS-E1AF, EWS-FEV.

EWS translocation can

also be shown by FISH

with EWS break-apart

probe

Rhabdomyosarcoma

(RMS)-alveolar

(A), embryonal

(E), and

pleomorphic (P)

A-RMS: 10–20 yrs.

Extremities and

perineum

E-RMS: 3–10 yrs.

Prostate,

paratesticular, orbit,

nasal cavity

P-RMS: 50þ yrs.

Abdomen,

retroperitoneum,

chest wall, testes,

and extremities

Small round blue cells with

alveolar growth pattern in

alveolar RMS; round and

spindle cells in embryonal;

round, spindle and

pleomorphic cells in

pleomorphic RMS

Muscle-specific actin

(MSA)þ, desminþ,

myoglobinþ,

myogenin

(most specific)þ,

myoD1þ

RT-PCR for PAX3-FKHR

and PAX7-FKHR in

alveolar RMS only

Desmoplastic, small

round cell tumor

Young adults, often

adolescent boys.

Abdomen and pelvis,

peritoneal implants

Round/oval cells in

desmoplastic stroma in

classic cases, other cases

with variable morphology

Vimentinþ,

cytokeratinþ,

EMAþ, desminþ,

WT1þ

RT-PCR for EWS-WT1

Synovial sarcoma Young adults.

Extremities around

large joints. Now

described in various

locations including

lung and pleura

Spindle cell or biphasic

glandular and spindle cell

pattern. Small round cells

in poorly differentiated

tumor

EMAþ, keratinþ
(biphasic tumors),

CD99þ, bcl2þ.

Recently TLE1þ

RT-PCR for SYT-SSX1 and

SYT-SSX2

Clear cell sarcoma

(melanoma of soft

parts)

Young adults. Deep

soft tissue with nodal

and lung metastases

Mixed epithelioid and spindle

cells in nested growth

pattern

S100þ, HMB45þ,

melanAþ
RT-PCR for EWS-ATF1

(not seen in cutaneous

melanoma)

Alveolar soft part

sarcoma

Young adults, often

females. Deep soft

tissue. Lung

metastases common

Large polygonal cells,

granular cytoplasm,

prominent nucleoli, rare

mitoses

PASDþ, TFE3þ Membrane-bound rhom-

boidal crystals by electron

microscopy (EM).RT-PCR

for ASPL-TFE3

PEComas 40–50 yr, usually

females. Various

visceral organs and

soft tissue

Epithelioid and spindle cells

with perivascular

arrangement, clear to

granular cytoplasm

HMB45þ, melanAþ,

but S100 negative

EM: glycogen, pre-

melanosomes, occasional

dense bodies

Epithelioid sarcoma Young adults. Deep soft

tissue of extremities.

Metastases to lung,

lymph node, and skin

Epithelioid tumor cells,

granuloma-like growth

pattern

Keratinþ, EMAþ,

vimentinþ, CD34þ,

CK5/6-, p63-

Nothing specific. EM may

be helpful

(Continued)
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Epithelial Neoplasms

Cytokeratin stains are reliable epithelial markers, as seen
in carcinomas and mesotheliomas (43). However, selected
uncommon examples of keratin positivity have also been
described in other tumor types (44–51). In spite of this,
intense and diffuse pankeratin reactivity points to a

diagnosis of carcinoma in the context of CUP. The next
step, which is the main focus in cases of metastatic
carcinoma of unknown origin, is to assess the possible site
of tumor origin by looking for other specific epithelial
determinants. Knowledge of the primary site improves
therapeutic choices in such circumstances (52–55).

n Table 1 Sarcomas that can present as CUP (Continued )

Sarcoma Type Age/Site Morphology Special Stains/IHC

Ancillary Techniques for
Confirmation of

Diagnosis

Vascular tumors Adults. Soft tissue and

various visceral

organs

Angiosarcoma: epithelioid

and spindle cell tumor,

vasoformative areas.

Epithelioid in

hemangioendothelioma

FVIIIþ, CD31þ,

CD34þ, FLI1þ,

thrombomodulinþ,

patchy keratinþ

EM to identify endothelial

cells is rarely required

Leiomyosarcoma Adults. Abdomen,

pelvis and various

other locations

Spindle or epithelioid cells

with areas of smooth

muscle differentiation

SMAþ, HHF35þ,

desminþ,

caldesmonþ, patchy

keratinþ

EM: smooth muscle

differentiation

Malignant peripheral

nerve sheath tumor

Adults. NF1 patients

(50%). Deep soft

tissue in association

with major nerve

Spindle cells with neural

differentiation, abundant

mitosis, necrosisþ/–.

Rarely epithelioid

S100þ (weak, patchy),

CD56þ, CD57þ,

PGP9.5þ, CD99þ.

Negative for

melanoma and

vascular markers

Negative for SYT-SSX1 and

SYT-SSX2

EM: neural differentiation

Chordoma Adults, usually males.

Sacrococcygeal,

thoracolumbar spine

Physaliferous cells,

vacuolated cytoplasm,

mucoid stroma

S100þ, keratinþ, but

CK7 /CK20–,

EMAþ

EM rarely required

Extraskeletal myxoid

chondrosarcoma

Adults. Deep soft

tissues of

extremities.

Metastases may be

confused with

myoepithelial type

carcinomas

Cords of spindle and

epithelioid cells in myxoid

stroma

S100þ, NSEþ,

synaptophysinþ/–,

keratin-,

chromogranin-

RT-PCR for EWS-CHN and

TAF2N-CHN

Endometrial stromal

sarcoma

Adult females.

Abdominopelvic

region. Distant

metastases to lungs

Oval/round to spindle cells.

Vague resemblance to

proliferative pattern

endometrial stroma

CD10þ, ERþ, bcl2–,

CD34–, SMA and

desmin positivity

with smooth muscle

differentiation

FISH for 7p15 translocation

better than RT-PCR for

JAZF1-JJAZ fusion

Gastrointestinal

stromal tumor

Adults. GI tract.

Abdominopelvic

region. Metastases

often to the liver

Spindle or epithelioid cells CD117þ, CD34þ,

often negative for

S100, actin and

desmin

KIT activating mutations

Abbreviations: CUP, carcinoma of unknown primary site; EMA, epithelial membrane antigen; IHC, immunohistochemistry; PNET, primitive

neuroectodermal tumor.

CH A P T E R 5 � Immunohistology 141



n METASTATIC CUP

The majority (approximately 70%) of CUPs are adeno-
carcinomas (56). The poorly differentiated carcinoma [not
further specified (NFS)] group comprises approximately
15% to 20% of cases, with the remainder being
constituted by squamous cell carcinomas (SCCs) (5%)
and neuroendocrine carcinomas (5%). Determinations of
the site of origin of metastatic squamous cell or neuro-
endocrine carcinomas are more dependent on clinical
presentation than on the results of immunostains.

SCC of Unknown Primary Site

If upper and mid cervical lymph nodes are involved by
carcinomatous metastases, the primary tumor is likely
located in the head and neck (57–60), where SCCs are
predominant. Although the latter tumors are readily
identified in conventionally stained sections, immunos-
taining for CK5/6 and p63 may be advisable for securing
the diagnosis of SCC in selected cases (Fig. 3) (61, 62).
If nasopharyngeal carcinoma is suspected, in situ hybrid-
ization for Epstein–Barr virus-encoded RNA may be
useful in confirming the diagnosis (63–65). Metastatic
SCC involving low cervical lymph nodes is suspicious for a
pulmonary or lower esophageal origin (66, 67). There are
no specific markers for SCCs in these sites. Antibodies to
thyroid transcription factor (TTF-1), a protein seen in lung
and thyroid adenocarcinomas, very infrequently label
pulmonary SCCs (68–70).

Most patients with SCC involving the inguinal nodes
have primary tumors in the anogenital region (71),
including the vulva, vagina, uterine cervix, and anus.
However, there are no immunohistologic markers that
specifically delineate an origin in such sites.

Neuroendocrine Tumor of Unknown Primary Site

The neuroendocrine tumors that may present as CUP
include low-grade neuroendocrine carcinoma (“classical
carcinoid”), small cell neuroendocrine carcinoma, and
large cell neuroendocrine carcinoma (high-grade neuro-
endocrine carcinoma, large cell type). Carcinoids and
small cell carcinomas have typical morphological images
that are readily recognizable, but immunostains for
endocrine markers are often required for a definite
diagnosis of large cell neuroendocrine carcinoma. These
include chromogranin-A, synaptophysin, CD56, and
CD57 (72–76).

Carcinoid tumors show diffuse positivity for virtually
all of the determinants, but high-grade neuroendocrine
carcinomas of both small cell and large cell types generally
do not. Some studies have suggested that immunostains
are useful in distinguishing carcinoids arising in the gut

from those of other origins (77, 78). One analysis showed
that midgut carcinoids were often CDX2-positive, but
those originating in the foregut and hindgut were usually
CDX2-negative (79).

F IGURE 3 Poorly differentiated carcinoma involving bladder wall (A).
The tumor cells were strongly positive for CK5/6 (B) and p63 (C),
confirming recurrence of a known squamous cell carcinoma.
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Widely metastatic small cell neuroendocrine carcino-
mas usually have a pulmonary origin, but such tumors
may also arise in salivary glands, esophagus, urinary
bladder, prostate, ovary, uterine cervix, breast, and other
locations. TTF-1 labeling in a small cell carcinoma does
not necessarily indicate a pulmonary source for the lesion,
because it has also been identified in a variety of primary
extrapulmonary small cell carcinomas (80). Similarly,
high-grade large cell neuroendocrine carcinomas lack site-
specific immunostaining features.

It may be more important to prove the presence of
neuroendocrine differentiation in these cases than it is to
localize the anatomic origin of the tumor. This is because
similar chemotherapy, irrespective of site or origin, is
generally used for neuroendocrine carcinomas, grade for
grade (81).

Adenocarcinoma and Poorly Differentiated Carcinoma
of Unknown Primary Site

The largest and the most significant group of CUP is that of
metastatic adenocarcinomas. Although it is important to
note the clinical presentation and morphology of such
lesions, a more definitive diagnosis requires immunohisto-
logical analysis. Determining sites of origin for adenocarci-
noma of unknown primary site is complex, and can bemore
easily understood when broken down into three steps:
selection of immunostains that are useful in this differential
diagnosis, delineation of the immunoprofiles of site-specific
adenocarcinomas, and an algorithmic approach to this
topic. The following discussion includes poorly differ-
entiated carcinoma, NFS, and malignant germ cell tumors.

Step 1: Markers that are Useful in Determining
Anatomic Site of Origin

CYTOKERATIN 7 AND CYTOKERATIN 20 (CK7 AND

CK20). There are roughly 20 well-defined subclasses of
keratin that have been identified on the basis of their
molecular weights and isoelectric points (82). Several of
these proteins have relatively tissue-selective distributions,
and combinations of them can be exploited to determine
sites of tumor origin in CUP cases (83). Common keratin
antibodies that are often used in this process are those
directed against CK7 and CK20 (84–86). CK7þ/CK20–
adenocarcinomas include those in the breasts, lungs,
gynecological tract, thyroid, and salivary glands.
Mesotheliomas also have a similar keratin profile. The
majority of CK7�CK20þ tumors are of intestinal origin,
but similar expressions are seen in a third of gastric
adenocarcinomas and almost all Merkel cell carcinomas
of the skin. Dual positivity (CK7þ/CK20þ) is present in
adenocarcinomas of the pancreas, bile ducts, and urothelial
tract, and in one-third of gastric adenocarcinomas. CK7–/
CK20– tumors originate in the adrenal cortex, liver,

prostate, and kidneys, although some CK7þ renal carcino-
mas do exist. Germ cell tumors also show a CK7–/CK20–
profile, except that embryonal carcinoma manifests CK7
reactivity in up to 50% of cases (84, 87, 88).

WILMS’ TUMOR PROTEIN (WT1). The WT1 gene
encodes a zinc finger DNA-binding protein that acts as a
transcriptional activator or repressor depending on the
cellular or chromosomal context (89). WT1 protein is
required for the normal development of genitourinary
epithelium and mesothelium (90). In the context of
neoplasia, nuclearWT1 expression is seen inWilms’ tumor,
mesothelioma, and müllerian carcinomas (especially of the
ovarian serous type) (91, 92). The literature regardingWT1
in endometrial serous adenocarcinomas is contradictory,
but it appears that nuclear expression (Fig. 4) can be seen in
approximately one-third of these tumors (93–98).

F IGURE 4 An endometrial serous carcinoma (A), showing unequi-
vocal positivity for Wilms’ tumor protein (B).
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CDX2. This protein is also known as caudal-type
homeobox transcription factor-2. The corresponding gene
encodes a transcription factor that plays a role in the
proliferation and differentiation of intestinal epithelial
cells. CDX2 polypeptide is highly expressed in the
intestinal mucosa (Fig. 5) and in carcinomas that
demonstrate enteric differentiation (99). Virtually all
colorectal adenocarcinomas are CDX2þ (100).

THYROID TRANSCRIPTION FACTOR-1. TTF-1 is a
38-kD nuclear protein that mediates thyroid-specific gene
transcription (101) and shows nuclear labeling by IHC
(Fig. 6). TTF-1 activates thyroglobulin and thyroperox-
idase gene transcription in thyroid adenocarcinomas and
transcription of human surfactant protein B in the lung.
This marker is seen in almost all thyroid carcinomas
(except anaplastic tumors) and the majority (~80%) of
pulmonary adenocarcinomas (102–105). Squamous tu-
mors of the lung are infrequently positive, and other
pulmonary tumors (neuroendocrine and undifferentiated
carcinomas) are variably TTF-1-reactive. Merkel cell
carcinoma is reproducibly negative for this determinant
(80, 106).

THYROGLOBULIN. Thyroglobulin is a glycoprotei-
naceous precursor of thyroid hormones. It is a specific
marker of thyroid epithelial differentiation and is potentially
expressed by all thyroid malignancies except anaplastic
carcinoma (107).

GROSS CYSTIC DISEASE FLUID PROTEIN-15
(GCDFP-15). GCDFP-15 is also known as prolactin-
inducible protein (108). This hormonally responsive poly-
peptide is expressed by a benign and malignant mammary

epithelium. It is a marker for apocrine differentiation;
therefore, GCDFP-15 labeling is stronger in those carcino-
mas that manifest “decapitation secretion” in tumor glands
(109). This protein is considered to be highly selective
for breast carcinomas, but immunoreactivity for it can
also be seen in selected tumors of sweat glands, salivary
glands, bronchial glands, and lacrimal glands (110).
Staining forGCDFP-15 in breast carcinomas is often patchy
(Fig. 7), and its sensitivity is lessened in small core biopsies.
Overall, 50% to 70% of breast carcinomas of all types
(except medullary carcinoma) are GCDFP-15-positive in
excision specimens.

MAMMAGLOBIN (MGB). MGB is a secretory pro-
tein with a predicted molecular mass of 10.5 kD. It shares
a high degree of homology with rat prostatic steroid-
binding protein subunit C3 (rPSC3), human Clara cell
10 kD protein, and rabbit uteroglobin (111–113).F IGURE 5 Typical nuclear staining of colonic epithelium for CDX2.

F IGURE 6 A small cell neuroendocrine carcinoma (A), showing diffuse
strong nuclear reactivity for thyroid transcription factor-1 (B).
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Immunohistological studies on FFPE tissues have demon-
strated diffuse MGB expression in breast and endome-
trioid adenocarcinomas (114–117). MGB is also
potentially observed in sweat gland and salivary gland
adenocarcinomas. With respect to mammary carcinomas,
MGB is a more sensitive but less specific marker as
compared with GCDFP-15 (Fig. 7).

BER-EP4, BG8, AND MOC31. Ber-EP4, Bg8, and
MOC31 are generic markers of epithelial differentiation.
They are most often used to distinguish adenocarcinomas
from mesotheliomas (118–120). Ber-EP4 and MOC31
antibodies are directed against glycoproteins that are
present on the surfaces of glandular epithelial cells of
endodermal derivation. Squamous carcinoma virtually
never is Ber-EP4-positive (121). Characteristic staining
with Ber-EP4 and MOC31 is cell-membrane based. Bg8
antibody is directed against the Lewis Y antigen and
shows cytoplasmic labeling in adenocarcinomas and some

SCCs. When Ber-EP4, Bg8, and MOC31 are combined
with calretinin, podoplanin, and WT1, one can achieve a
high level of sensitivity and specificity for the diagnostic
separation of metastatic serosal adenocarcinoma and
epithelioid mesothelioma (122).

CALRETININ. Calretinin is a 29-kD calcium-binding
protein that is one of the most sensitive markers of
mesothelial differentiation (Fig. 8) (123). Nevertheless,
because of its potential expression in various carci-
nomas, sarcomas, ovarian stromal tumors, and other
neoplasms, calretinin must be combined with other stains
in a diagnostic setting (124–127).

MUCIN IMMUNOSTAINS. Mucin or MUC immu-
nostains label a heterogeneous group of glycoproteins that
are expressed by various glandular epithelia. The three
most common MUC stains that have been applied to
human tumors include MUC1 (also known as epithelial

F IGURE 7 Adenocarcinoma involving abdominal wall (A). The tumor cells were strongly positive for CK7 (B), patchily positive for gross cystic
disease fluid protein-15 (C), and diffusely reactive for mammaglobin (D). This profile was consistent with a known history of breast carcinoma.
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membrane antigen or EMA), MUC2, and MUC5AC. It is
well known that adenocarcinomas from many sites
express EMA. MUC2 is seen in gastrointestinal (GI)
carcinomas and colloid carcinomas in various locations
(128–130). MUC5AC has a more limited distribution,
being present principally in GI neoplasms. It is often seen
in tumors of pancreaticobiliary origin and also endocer-
vical adenocarcinomas (131–133). The expression of
MUC5AC may be related to the type of mucin that is
produced, rather than the site of tumor origin.
Nevertheless, the differential expression of these three
MUC moieties may be helpful in selected differential
diagnoses (134). None of them is present in adrenocortical
carcinoma (ACC) and only rarely in hepatocellular
carcinomas (HCCs). Thus, a panel of MUC1/MUC2/
MUC5AC could be used to distinguish HCC (negative for
all three markers or occasionally MUC1þ) from chol-
angiocarcinoma (MUC1þ/MUC2�/MUC5ACþ); renal
cell carcinoma (MUC1þ/MUC2�/MUC5AC�); and
ACC (negative for all three).

HEPATOCYTE MARKER FOR PARAFFIN-1 (HEP-
PAR1). Hep-Par1 is a sensitive and relatively selective
marker of hepatocytic differentiation, and it was specif-
ically designed for use with paraffin-embedded tissue. The
antibody is directed against a mitochondrial antigen in
hepatocytes (Fig. 9). However, Hep-Par1 labeling is also
observed in selected other tumors as well (135–137).

CYTOKERATIN 5/6 (CK5/6). Keratins 5 and 6 are
basic polypeptides that are expressed in nonkeratinizing
stratified squamous epithelia. Therefore, antibodies to
CK5/6 are potential markers for squamous differentiation
in carcinomas. CK5/6 is also expressed in mesotheliomas,

metaplastic and basal-like breast carcinomas, urothelial
carcinomas, selected salivary gland and sweat gland
tumors, and thymomas. In cases of poorly differentiated
carcinomas, positivity for CK5/6 and p63 can be useful in
establishing a squamous lineage (138).

UROPLAKIN III. The ultrastructure of urothelium
demonstrates an asymmetrical unit membrane that is
believed to involve strengthening and stabilizing of the
urothelial apical surface, thus preventing the cells from
rupturing during bladder distention. The asymmetric unit
membrane is composed of “uroplakins,” including ur-
oplakin III. The latter protein is a specific marker of
urothelial differentiation, but is present in only ~50% of
transitional cell carcinomas (139, 140). So far, uroplakin
III has not been reported in any nonurothelial tumors.

THROMBOMODULIN. In contrast to uroplakin III,
thrombomodulin is a highly sensitive but nonspecific
marker for urothelial differentiation. Thrombomodulin is

F IGURE 9 Hepatocellular carcinoma with clear cell features (A),
showing granular cytoplasmic positivity for Hep-Par1 (B).

F I GUR E 8 Characteristic nuclear and cytoplasmic reactivity for
calretinin in a case of mesothelioma.
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a cell-surface glycoprotein on endothelia, which forms a
complex with thrombin. It is expressed in vascular
neoplasms (141, 142), but is also observed in SCCs and
transitional cell carcinomas (143). Moreover, thrombo-
modulin is a sensitive marker for mesotheliomas but is
absent in most adenocarcinomas (144).

ESTROGEN AND PROGESTERONE RECEPTOR
PROTEINS (ERP AND PRP). Steroid hormone receptors,
particularly ERP, can be useful in the evaluation of CUP.
Although some degree of staining for ERP and PRP has
been described in several carcinoma morphotypes, diffuse
nuclear labeling for these markers is predominantly seen
in malignancies of the breast and gynecological tract (145,
146). Immunoreactivity for PRP in the absence of ERP
should be interpreted with more caution with regard to
determinations of tumor origin (45, 147).

PROSTATE-SPECIFIC ANTIGEN (PSA). PSA is a
kallikrein-like protease that is present in seminal fluid
(148). It is a specific marker of prostatic adenocarcinoma,
more so than prostatic acid phosphatase (PAP). However,
the specificity of PSA is not absolute, and it has been rarely
detected in nonprostatic carcinomas as well (149, 150).

DELETED IN PANCREATIC CARCINOMA, LOCUS-4
GENE (DPC4). DPC4 is a tumor-suppressor gene (151),
the expression of which is lost in approximately 45% to
50% of pancreatic adenocarcinomas. DPC4 protein
expression is retained in many other malignancies that
enter into differential diagnosis with pancreatic carcinoma
(152). Because DPC4 stains are meaningful when they are
negative, they must be interpreted with caution.

MELAN-A/MART-1. The melan-A gene encodes an
antigen in premelanosomes that is recognized by cytotoxic
T cells. Antibodies against this marker not only label
melanomas, but also stain steroid-hormone–producing
tumors such as ACC (153). If other immunostaining
results exclude melanoma and ovarian sex cord tumors
(154), melan-A-positivity supports the presence of adre-
nocortical differentiation in CUP cases.

CD10. CD10 (common acute lymphoblastic leukemia
antigen) is a marker of early lymphoid progenitors and
normal germinal center cells in lymph nodes. However, in
the sphere of nonhematopoietic tumors, CD10 is present
mainly in renal cell carcinomas, HCCs, and endometrial
stromal sarcomas. This protein may also be seen in
transitional cell carcinomas, prostatic adenocarcinomas,
schwannomas,melanomas, rhabdomyosarcomas, leiomyo-
sarcomas, hemangiopericytomas, solitary fibrous tumors,
fibrous histiocytomas, and mesotheliomas (155).

RENAL CELL CARCINOMA ANTIGEN (RCC-AG).

RCC-Ag is a 200-kD glycoprotein that is seen in the renal
proximal tubules, mammary epithelium, epididymis, para-
thyroid glands, and thyroid. Positive staining for CD10 and
RCC-Ag in a clear cell CUP constitutes strong evidence for a
renal origin.Other rarer tumors of the kidney (chromophobe
carcinoma; collecting duct carcinoma) are usually negative
for RCC-Ag. Other carcinomas that can show RCC-Ag
positivity may arise in the breasts, gonads (embryonal
carcinoma), and parathyroids (156).

GERM CELL TUMOR MARKERS. Determinants that
are often present in malignant germ cell tumors include
placental alkaline phosphatase (PLAP), OCT3/4, CD117,
CD57, CD30, alpha-fetoprotein (AFP), and beta-human
chorionic gonadotropin (HCG). PLAP, CD117, and CD57
mark stem cells and are most often seen in seminomas and
dysgerminomas. OCT3/4 is an octameric binding tran-
scription factor involved in the regulation of pluri-
potency. It is also present in seminomas (Fig. 10) as well

F IGURE 10 A seminoma (A), showing distinct nuclear staining for
OCT3/4 (B).
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as embryonal carcinomas, but yolk sac tumors, teratomas,
and choriocarcinomas are consistently OCT3/4 negative
(157, 158). CD30 labels embryonal carcinomas, AFP is
present in ~50% of yolk sac tumors, and HCG is
positive in choriocarcinomas. None of these determinants
is entirely specific for malignant germ cell tumors (159–
162). In particular, HCG-positive tumor cells have been
reported in several somatic carcinomas in various ana-
tomic locations (162).

It should be noted that other carcinoma-related
immunostains such as CA125 and CA19-9 have not been
discussed here. This is true simply as a reflection of the
authors’ approach to this topic, and other pathologists
may well elect to employ these markers in cases of CUP.

Step 2: Immunohistological Profiles of Carcinomas
That Can Present as CUP

SALIVARY GLAND TUMORS. Malignant tumors of
the major and minor salivary glands include carcinoma ex
pleomorphic adenoma, basal cell adenocarcinoma (basa-
loid carcinoma), myoepithelial carcinoma, epithelial–
myoepithelial carcinoma, hyalinizing clear cell carcinoma,
mucoepidermoid carcinoma, adenoid cystic carcinoma,
acinic cell carcinoma, and salivary duct carcinoma. Most
of them have distinctive histological features, IHC
typically shows a CK7þ/CK20– profile (163) and my-
oepithelial differentiation may be seen. Some specific
markers, such as CD117, are overrepresented in adenoid
cystic carcinoma, but histologically identical lesions in
other organs are also CD117 positive (164, 165). The
most common sites of metastases from salivary gland
tumors include the regional lymph nodes and lungs.
Immunostains are generally not helpful in differential
diagnosis with other histologically similar neoplasms,
with the possible exception of clear cell carcinomas.
Those in the salivary glands lack RCC-Ag, as opposed to
metastatic renal cell carcinomas (166). Another important
point to remember is that salivary duct carcinomas are
morphologically analogous to mammary ductal adeno-
carcinomas. Statistical differences in the incidence of ERP
expression do exist between those tumor types, but they
are not reliable in a case-specific setting. Both salivary
glandular and breast tumors may also be reactive for
androgen-receptor protein (167), as well as PSA-like
moieties and PAP (168, 169).

UPPER RESPIRATORY TRACT CARCINOMAS. The
only tumor of the upper respiratory tract that is relevant to
this discussion is sinonasal adenocarcinoma. This lesion
can be broadly classified into intestinal and nonintestinal
types. Intestinal type sinonasal adenocarcinoma (ITAC) is
extremely difficult to separate from colorectal adenocar-
cinomas that metastasize to the nose. The number of

immunostained cases of ITAC is rather limited, but most
of them have been positive for CK7, CK20, CDX2, villin,
and MUC2 (170–172). Variable reactivity has been seen
for neuroendocrine markers, MUC5AC, and CEA.
Therefore, tumors with a CK7þ, CK20þ, MUC2þ, and
CDX2þ immunophenotype are likely to be primary
sinonasal lesions, whereas others with a CK7–, CK20þ,
MUC2þ, and CDX2þ profile suggest the possibility of
metastasis from the GI tract.

THYROID GLAND TUMORS. The major subtypes
of thyroid carcinomas are papillary, follicular, Hurthle-
cell, poorly differentiated (insular), anaplastic, and
medullary. All of these tumors are positive for panker-
atin, but anaplastic tumors demonstrate only spotty
immunolabeling for this protein. The usual profile of the
other lesions in this category is CK7þ/CK20�. The two
stains that are most helpful in determining a thyroid
origin for CUP are thyroglobulin and TTF-1 (173). All
carcinoma subtypes are potentially positive for TTF-1
and thyroglobulin except for anaplastic tumors. Because
medullary carcinomas are neuroendocrine tumors, they
also express chromogranin-A, CD56, synaptophysin, and
the specific product of C cells, calcitonin. Another
important feature of medullary carcinoma is its consis-
tent positivity for CEA.

With regard to anaplastic thyroid carcinoma (ATC), it
is difficult not only to prove the site of origin for this
lesion, but also to show that it is a carcinoma and not a
sarcoma. Vimentin positivity is more diffusely seen than is
keratin in the neoplastic cells of ATC; however, EMA
(MUC1) reactivity may be identified as well, particularly
in squamoid components (174).

The most common sites of metastases for thyroid
carcinomas are the regional cervical lymph nodes (espe-
cially with papillary tumors) and the lungs. Much less
commonly, the bones and central nervous system may be
involved at presentation.

MEDIASTINUM. Primary mediastinal tumors that
may be confused with CUP include thymic neoplasms
(atypical thymoma, thymic carcinoid, and thymic carci-
noma), ectopic thyroid tumors (discussed above), lym-
phomas, paragangliomas, and malignant germ cell
tumors. The following discussion is limited to thymic
epithelial neoplasms and germ cell tumors. Thymomas are
generally recognized in a straightforward way because of
a characteristic admixture of neoplastic thymic epithelial
cells with nonneoplastic lymphocytes. The epithelial
elements are positive for keratin (175) and also may
exhibit CEA and EMA (176, 177). Thymic lymphocytes
are of T-cell derivation but do not stain for markers
of mature T cells. Instead, they are positive for terminal
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deoxynucleotidyl transferase, CD1a, and CD99 (178,
179). Thymic carcinomas are usually distinctive morpho-
logically and do not resemble thymoma; rather, they are
similar to carcinoma morphotypes in other organs.
Therefore, their identification as primary lesions of the
thymus is difficult or sometimes impossible. The two
immunostains that have been claimed to be specific to
thymic carcinoma are CD5 and CD70. Of these, more
experience has been accrued with CD5; it is present in
~70% of thymic carcinomas but is consistently absent in
thymoma and carcinomas of nonthymic origin (180–182).
CD70 has not yet been assessed sufficiently in nonthymic
tumors (183); for example, renal cell carcinomas may
express this determinant (184–186).

Mediastinal germ cell tumors are often primary in
the thorax, and this is especially likely if there is a
single lesion in the chest with no evidence of retro-
peritoneal involvement. All types of germ cell tumors
are potentially encountered in the mediastinum (187).

Their immunohistochemical profiles are generally
similar to those of their gonadal counterparts (188).
Seminoma is often reactive for PLAP, OCT3/4, CD117,
podoplanin, and CD57, and it generally lacks keratin
(189–191). In contrast, embryonal carcinoma is keratin
positive; it also labels for CD30 and often for OCT3/4
and PLAP as well (192, 193). Yolk sac tumors are
positive for AFP, and choriocarcinomas demonstrate
HCG staining (194). However, the latter two determi-
nants are nonspecific and have been reported in many
somatic carcinomas as well. In this respect, EMA
(MUC1) becomes an important discriminant, because
it is generally lacking in germ cell neoplasms and
present in somatic epithelial malignancies.

Another important feature of all germ cell tumors is
the presence of isochromosome 12p [i(12p)] in the tumor
cells (195). This aberration results in a net gain of 12p,
which can be identified by in situ hybridization using
FFPE samples (196).

F IGURE 11 A pleural biopsy showing metastatic ovarian adenocarcinoma (A), positive for BER-EP4 (B), WT1 (C), and CK7 (D). The tumor cells were
negative for calretinin and CK20 (not shown).
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PULMONARY TUMORS. As mentioned earlier,
TTF-1 is seen in approximately 80% of pulmonary
adenocarcinomas, regardless of morphological subtype
[e.g., enteric, clear cell, goblet cell, mucinous (colloid),
and acinar (conventional)] or grade (197, 198). However,
the mucinous subtype of bronchioloalveolar carcinoma
(BAC) is usually TTF-1 negative (199). The general
keratin profile for lung adenocarcinoma is CK7þ/CK20�,
except again for mucinous BAC; it is usually reactive for
CK20. In view of its immunoprofile, mucinous BAC may
be difficult to distinguish from metastatic tumors from the
alimentary tract or pancreas. However, mucinous BACs
are CDX2 negative, a finding that promotes their
diagnostic separation (200).

PLEURAL TUMORS. Pleural involvement by meta-
static malignancies, in the absence of a known primary
lesion, always raises the differential diagnostic possibil-
ity of mesothelioma. Most immunohistochemical studies
on this topic have dealt with the comparative immuno-
phenotypes of pleural mesothelioma and pulmonary
adenocarcinoma. The immunohistochemical approach
applied to this distinction could be used in reference
to nonpulmonary adenocarcinomas as well, but with
some caveats.

The selected panel of antibodies in this setting should
include at least two markers for carcinomas (Bg8, BER-
EP4, TAG72.3, CD15, CEA, MOC-31, TTF-1) and at
least two markers for mesothelioma (calretinin, WT1,
thrombomodulin, CK5/6, podoplanin). Pankeratin stains
are also recommended to assure the antigenic integrity of
the tissue sample being studied. No single stain is wholly
specific in the latter group of reagents (188, 201). For
example, metastatic serous papillary carcinoma would
label for generic epithelial markers and WT1 and possibly
for calretinin as well, and no staining for TTF-1 would be
expected (Fig. 11). Similarly, poorly differentiated meta-
static urothelial carcinoma often demonstrates labeling
for CK5/6 and thrombomodulin. In such instances, the
lesions may be misdiagnosed as mesotheliomas if a
sufficient number of other appropriately discriminatory
stains is not employed.

In spite of these pitfalls, the great majority of serosal
epithelioid malignancies can be reliably identified as
mesothelioma or adenocarcinoma with IHC. EM is still
a useful technique in this setting, and it is particularly
helpful in resolving immunophenotypically equivocal
cases (202) (see Chapter 4).

UPPER GI TRACT. Empirically, it is known that the
majority of upper GI adenocarcinomas (i.e., esophageal,
gastric, and duodenal) that present as CUP originate in the
stomach. The keratin profiles of such lesions are variable.

Most gastric and esophageal adenocarcinomas are CK7þ,
and CK20 positivity is seen in approximately 30% of
stomach tumors (203). CDX2 reactivity is present
predominantly in intestinal-type carcinomas, and this fact
limits its use in identifying signet-ring cell carcinomas as
enteric in origin (204). Currently, there are no specific
markers for upper GI carcinomas, and their diagnosis is
based on an exclusionary process.

COLORECTAL AND ANAL CARCINOMAS .

Colorectal adenocarcinomas are characteristically CK7�
and CK20þ, and the majority express CDX2 and villin
as well (205, 206). Although CEA reactivity is present
in many nonenteric tumors, the lack of this marker in a
CUP makes a colorectal origin highly improbable (207).
Differential mucin expression may sometimes be helpful

F IGURE 12 An adenocarcinoma with extensive desmoplasia and
focal mucin production involving the omentum (A). The tumor cells show
CK17 positivity (B). The morphology and immunoprofile supported a
pancreatic primary lesion.
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in distinguishing colorectal tumors from pancreaticobili-
ary carcinomas. Colorectal neoplasms infrequently show
MUC5AC expression, and this fact separates them from
most carcinomas of the pancreas and biliary tree.

The majority of anal canal carcinomas are of the
keratinizing squamous cell type, but approximately 20%
show a basaloid, nonkeratinizing squamous morphotype
(the so-called cloacogenic tumors). The latter tumors also
may have a confusing immunophenotype; they may be
labeled for “squamoid” markers (e.g., CK5/6, p63) but
also show expression of CK7. CK20 and CEA are typically
absent in basaloid squamous carcinomas (208).

LIVER, GALLBLADDER, AND BILE DUCT
TUMORS. HCCs can manifest several growth patterns
and thereby simulate metastatic adenocarcinoma in the
liver. Immunohistochemically, HCCs are generally neg-
ative for both CK7 and CK20 (209), with the exception of

CK7þ “fibrolamellar” variants (210). HCCs are also
negative with the AE1 keratin antibody (as opposed to
cholangiocarcinoma), but they are immunoreactive with
the CAM5.2 antibody. In our experience, the most helpful
stains in recognizing HCC are Hep-Par1 and AFP (135).
This neoplasm is consistently negative for MOC-31 and
CEA (as detected with monoclonal antibodies), further
distinguishing them from bile duct tumors and metastatic
adenocarcinomas (211). EMA is generally absent or only
focally seen in HCC, but other carcinomas in the
differential diagnosis are typically diffusely positive for
this marker. Another useful tool for establishing hepatic
origin in CUP cases is the demonstration of albumin
mRNA by in situ hybridization (212, 213).

In contrast to HCC, no specific stains exist for
cholangiocarcinoma or gallbladder carcinomas. They are
usually CK7þ/CK20þ, except that intrahepatic cholan-
giocarcinomas often lack CK20–(214, 215).

F IGURE 13 A renal tumor with mixed features of clear cell and
chromophobe type carcinoma (A), demonstrating diffuse cytoplasmic and
membranous reactivity for CD10 (B).

F IGURE 14 Metastatic carcinoma in a vascular space in the lung (A).
The tumor cells were strongly positive for thrombomodulin (B), and
showed focal staining for uroplakin III (not shown), confirming the
presence of urothelial differentiation in the tumor cells.
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PANCREATIC AND DUODENAL TUMORS. The
majority of pancreatic carcinomas are of the ductal type,
with expression of CK7þ. CK20 labeling is much less
frequent, but it may be observed in primary ampullary
(duodenal) adenocarcinomas. Diffuse CK17 expression
has also been described in pancreaticobiliary tumors
and may be helpful in distinguishing them from primary
carcinomas of other sites (Fig. 12) (216). CK5/6 is
infrequently present in pancreatic or ampullary neo-
plasms, unless partial squamous differentiation is appa-
rent morphologically (217).

An important subtype of these lesions is mucinous
(colloid) adenocarcinoma. When it presents with meta-
stases in the abdominal cavity (“pseudomyxoma perito-
nei”), the differential diagnosis includes metastatic
carcinoma from the appendix, colon and rectum, stomach,
endometrium, or ovary. These cases are extremely difficult
to resolve, and immunohistochemical stains have limited
value. A lack of DPC4 expression may be helpful in
suggesting a pancreatic tumor, but some nonpancreatic

primary carcinomas (in the duodenal ampulla, small
intestine, and gallbladder) have also been shown DPC4
deletion (218–220). On the other hand, the DPC4 gene is
inactivated in only 50% of pancreatic malignancies.

ADRENOCORTICAL CARCINOMA. In similarity to
hepatocellular and renal neoplasms, ACCs are among the
few tumors that are nonreactive for both CK7 and CK20
(221). Occasional labeling for low molecular-weight
keratins may be seen in adrenal carcinomas, but most
are entirely keratin negative in FFPE specimens.
Moreover, they are negative for EMA, MOC31,
TAG-72, CEA, CD10, and B72.3. Hence, it may be
immunohistologically difficult to prove that the lesion is a
carcinoma at all. The most useful stains for ACC are
inhibin and melan-A, for which most lesions show
diffuse positivity (153, 222). ACCs typically are positive
for vimentin, and some can show focal labeling for
synaptophysin, but all of these tumors are negative for
chromogranin-A (223).

F IGURE 15 Ovarian endometrioid adenocarcinoma with necrosis (A), showing positivity for CK7 (B), estrogen receptor proteins (C), and vimentin
(D). The tumor cells were negative for CK20 and CDX2. The patient had had colonic carcinoma in the past.
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Any case of CUP that is negative for both CK7 and
CK20 should be further analyzed for a possible adreno-
cortical, hepatocellular, or renal origin. In contrast to
ACC, metastatic nonrenal carcinomas in the adrenal gland
usually are CK7þ and MOC31þ or EMAþ; renal cell
carcinoma is CD10þ; and metastatic melanoma is reactive
for S100 protein, tyrosinase, and PNL2.

RENAL TUMORS. The form of renal cell carcinoma
that most often presents as CUP is the conventional clear
cell type (224), which may metastasize to virtually any site
in the body (225, 226). To reiterate, renal cell carcinomas
are negative for both CK7 and CK20. They coexpress
keratin and vimentin and are also positive for EMA (227).
Two supportive stains to establish a renal origin for clear
cell carcinomas are RCC-Ag and CD10 (Fig. 13) (228).
Another recently described “renal cell” stain is PAX2, but
it has not been extensively tested to date (229–231).

BLADDER AND URETHRAL TUMORS. The majority
of malignant bladder and urethral tumors are urothelial
carcinomas, with rare examples of clear cell, enteric, and
enteric adenocarcinoma or squamous and neuroendocrine
carcinoma. Urothelial carcinomas classically have a
CK7þ/CK20þ immunoprofile. As mentioned earlier,
“urothelial” markers include thrombomodulin and uro-
plakin III, neither of which is both sensitive and
specific (140). Because of their individual drawbacks,
these two stains should be used together as a means of
assessing a potential urothelial origin for CUP (Fig. 14).
Adenocarcinomas, squamous carcinomas, and neuroendo-
crine carcinomas of the bladder and urethra lack
specific markers to suggest that they have arisen in the
urinary tract (232, 233).

PROSTATIC CARCINOMA. All but the most undif-
ferentiated prostatic adenocarcinomas are positive for PSA
and PAP (234). Prostatic tumors rarely stain for CK20, a
feature that helps to distinguish them from urothelial
carcinomas (235). However, they are positive for low
molecular weight cytokeratins and EMA.

M€ULLERIAN ADENOCARCINOMAS. The major his-
tological subtypes of “müllerian” carcinomas are endome-
trioid, serous, clear cell, and mucinous adenocarcinomas.
Their sites of potential origin include the ovary, endome-
trium, cervix, fallopian tubes, and peritoneal surfaces.
Adenocarcinomas of müllerian origin usually have a
CK7þ/CK20– immunoprofile. On the other hand, pri-
mary ovarian mucinous carcinomas may show CK20
reactivity, and up to 40% may be CDX2þ (236, 237).
Ovarian serous adenocarcinomas often show diffuse WT1
expression, as do primary peritoneal (“surface”) serous
carcinomas (93, 238). Up to one-third of primary uterine
serous carcinomas are also WT1þ. Hormonal receptors
(ERP or PRP) are usually diffusely present in endometrioid
müllerian carcinomas regardless of anatomic origin (239),
and serous carcinomas often express them as well, albeit
in a patchy fashion.

Endometrioid carcinomas label for vimentin but not
for CEA, potentially helping to distinguish them from
colorectal or cervical adenocarcinomas (Fig. 15) (240).
The “usual” cervical adenocarcinomas are typically non-
reactive for vimentin, ERP, and PRP, but they are CEA
positive (241). Nonetheless, endometrioid lesions of the
cervix are indistinguishable immunophenotypically from
primary endometrial carcinoma (242).

Recently, diffuse p16 (INK4A) expression (Fig. 16)
has been proposed as a distinctive marker of cervical
adenocarcinoma (243). Although other tumor types can
be p16 positive as well (244, 245), if this marker is seen in
a mucinous tumor of the ovary or omentum it is highly

F IGURE 16 An endocervical adenocarcinoma (A) with typical strong
staining of all tumor cells for p16 (B).
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suggestive of a cervical primary lesion (246). In situ
hybridization or polymerase chain reaction assays for
human papillomavirus nucleic acid in the tumor cells
would be even more definitive in this regard. Müllerian
clear cell tumors do not have a specific immunoprofile,
but they need to be distinguished from clear cell
carcinomas arising in other organ systems.

PERITONEAL CARCINOMATOSIS. In women who
have diffuse peritoneal involvement by serous papillary
adenocarcinoma, in the absence of an apparent lesion of
the ovaries, fallopian tubes, or endometrium, the diagnosis
of primary peritoneal serous carcinoma (PPSC) is usually
assigned. The immunophenotype of PPSC is identical to
that of ovarian serous tumors.

(A)

(B)

Poorly differentiated malignant neoplasm

Diffuse strong
pankeratin+

Weak/equivocal or
patchy pankeratin+

Only vimentin+ LCA+
B or T cell
markers+

S100+
HMB45+
melanA+

Lymphoma Melanoma

Use sarcoma
differentiation
markers (see Table 1)

See Figure 17B Vimentin+/-

Epithelioid
morphology

Small round
blue cell tumor

Spindle cell
morphology

• Sarcomatoid carcinoma
   (other epithelial markers+)
• Sarcoma (see Table 1)

Neuroendocrine
(NE) markers
often+

NE markers
often negative

• NE carcinoma
• Neuroblastoma
  (but keratin-)

Small round
blue cell sarcoma
(see Table 1)

Other epithelial
markers* and/or
specific keratin+

Other epithelial
markers+/-and/or
specific keratin-

Carcinoma
(see Figures
17B–17D)

Sarcoma with
epithelioid
morphology
(see Table 1)

Germ cell
markers+

Malignant
germ cell
tumor

*Other epithelial markers: EMA, CEA, BER-EP4, B72.3
Specific keratins: CK7, CK20, CK5/6, CK14, CK17

Pan-keratin (AE1/3 and/or CAM5.2) positive epithelioid tumor

CK7+/CK20- CK7-/CK20+ CK7+/CK20+ CK7-/CK20-

See Figure 17C See Figure 17D

CDX2+
Villin+

• Colo-rectal 
• Upper GI

CDX2-

• Rare upper GI
• Merkel cell
(+ NE markers)

Uroplakin III+
Thrombomodulin+

Urothelial CA

Uroplakin III-
Thrombomodulin-
CDX2+/-

DPC4+ DPC4-

MUC5AC+

Pancreas
(50%) 

MUC5AC+ MUC5AC-

• Extra-hepatic Cholangio CA
• Pancreas (50%)

• Ovarian mucinous
• Upper GI

F IGURE 17 (Continued on next page.)
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The differential diagnosis is more challenging when
the tumor shows a mucinous morphology, as discussed
above (247). A combination of stains for CK7, CK20,
CDX2, DPC4, several MUC determinants, p16, and
vimentin is recommended as an approach to this problem
(248). Metastatic ovarian stromal tumors occasionally
enter this differential diagnosis as well. They may show

keratin positivity, but are almost always negative for EMA
and positive for inhibin, calretinin, and CD99 (154,
249, 250).

BREAST CARCINOMAS. Breast carcinomas are
broadly classified as ductal or lobular adenocarcinomas,
although several other special morphological variants

CK7+/CK20-, pan-keratin (AE1/3 and/or CAM5.2) positive CA

TTF1+ TTF1-

Thyroglobulin+ Thyroglobulin-

Thyroid Lung

Use panels with specific markers

Breast: GCDFP15+, MGB+, ER+, WT1-, CDX2-

Salivary gland tumors: May stain exactly like breast-use clinicopathologic
features to distinguish. Salivary duct CA often ER-, but AR+

Müllerian serous CA: WT1+, GCDFP15-, MGB-, ER-, calretinin-

Müllerian endometrioid CA: ER+, vimentin+, MGB+/-, WT1-, GCDFP15-

Mesothelioma: WT1+, calretinin+, CK5/6+, BER-EP4 -, B72.3-

Intrahepatic cholangiocarcinoma: CDX2+/-, MUC5AC+, DPC4+

Rare upper GI: CDX2+/-, MUC5AC-, DPC4+

Thymic carcinoma: CD5+(C)

(D)

Endocervix: CEA+, vimentin-, ER-, p16+ (if p16+, confirm with  HPV ISH)

Papillary renal cell carcinoma: CD10+, RCC+

CK7-/CK20-, pan-keratin (AE1/3 and/or CAM5.2) positive CA

EMA+ EMA-

MelanA+
Inhibin +

Adrenocortical CA*

CD10+
RCC+
PAX2+

Hep Par1+
AFP+
CEA (p)+
Albumin ISH+

PSA+
PAP+

Renal Cell CA
Hepatocellular CA*

Prostatic CA

*Hepatocellular carcinomas may be EMA, and adrenocortical
carcinomas may show only focal reactivity with pan-keratins.

F IGURE 17 (A) Algorithmic approach to determining a line of differentiation in a poorly differentiated malignant neoplasm. (B) Algorithmic
approach to determine site of origin in an adenocarcinoma or a poorly differentiated carcinoma. Further workup of a CK7þ/CK20– (C) and CK7/
CK20– (D) tumor. Abbreviations: EMA, epithelial membrane antigen; CEA, carcinoembryonic antigen; MUC, mucin; TTF, thyroid transcription factor;
GCDFP-15, gross cystic disease fluid protein-15; MGB, mammaglobin; RCC, renal cell carcinoma; AFP, alpha-fetoprotein; DPC, deleted in pancreatic
carcinoma; PAP, prostatic acid phosphatase; GI, gastrointestinal; PSA, prostate specific antigen.
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do exist. Ductal and lobular tumors show differential
immunoreactivity for E-cadherin and p120; the ductal
lesions manifest membranous expression of both, where-
as lobular carcinomas are negative for E-cadherin and
show diffuse cytoplasmic reactivity for p120. The latter
p120 pattern is also shared by gastric signet-ring cell
carcinomas and signet-ring cell colorectal carcinomas
(251). Irrespective of morphotypes, breast carcinomas
are usually CK7þ/CK20–(252). The most specific im-
munostain for breast carcinoma is GCDFP-15, but it has
a suboptimal sensitivity of approximately 50% to 60%
(253). MGB is more sensitive, but it is also present in a
significant number of endometrioid müllerian carcino-
mas. Approximately 70% of breast carcinomas are
convincingly positive for ERP or PRP or both, in
similarity to endometrial carcinomas and ovarian tumors
(146, 254–256).

Step 3: Algorithms to Determine the Site
of Origin for CUP

The availability of many disparate antibodies, and
potentially confusing information in the literature on
immunohistology, may occasionally lead to misinter-
pretation or worse, a mistaken diagnosis. This unwanted
outcome can be minimized by using an algorithmic
approach to IHC. Algorithms may vary by generic
morphological categorization, such as those pertaining
to small cell, large cell, epithelioid, and spindle cell
neoplasms. The algorithms described herein apply to
poorly differentiated malignant neoplasms in general.
After an initial screening approach, more specific
markers are used in a panel format to arrive at a detailed
diagnosis (Fig. 17).

Although such algorithms provide a useful guide for
the evaluation of CUP, it is important to remember that
they are guidelines and not rules. The algorithms have
been devised to include the most common immunoprofiles
of the most common histological types of carcinoma in a
particular anatomic site. Exceptions do occur and if an
immunophenotype is discordant with the morphological
image, caution is advised and the use of additional
analyses (e.g., EM) is suggested.

There are several preanalytical, analytical, and
postanalytical factors that can affect immunostaining
results. Recently, standards have been proposed to
control these elements (257). However, in spite of such
efforts, discordant staining continues to happen be-
cause of variations in tumor biology. Therefore, a
prediction of site of origin for CUP should not be
entirely based on the immunoprofile, but must always
incorporate clinical, morphological, immunohistologic
(ultrastructural), and molecular data to arrive at the
final determination.
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n INTRODUCTION

Tumor markers are biological molecules associated with
the cellular aberrations that contribute to the development
of the malignant phenotype. These substances may be
proteins, nucleic acids, or lipids produced by the tumor
cells or by normal tissues as a secondary effect of
malignancy. Tumor markers can be evaluated in tissues,
exfoliated or circulating cells, and body fluids, such as
serum, urine, saliva, sputum, serosal effusions, or cere-
brospinal fluid. Most often they are glycoproteins released
by malignant epithelia into the bloodstream and evaluated
in the serum. These biomolecules may be produced strictly
by carcinomatous cells as a result of distinct genetic and
epigenetic alterations, or they may be relatively overex-
pressed in malignant versus normal tissues.

The detection and serial determination of serum tumor
markers, which is performed relatively easily, aids in the
study of surrogate markers for early cancer detection and
diagnosis, molecular classification of tumors, evaluation of
response to treatment, assessment of prognosis, and patient

follow-up (1). Bigbee and Herberman elegantly summar-
ized the characteristics of an ideal tumor marker, the most
important of which were specific production by malignant
tissue at detectable levels in the serum in all patients in an
organ-site-specific manner; quantitative association be-
tween serum marker levels and tumor volume; and
availability of a standardized, validated assay to perform
the measurements (2). Such ideal tumor markers have the
potential to influence clinical decisions in screening,
diagnosis, prognosis, treatment selection, monitoring of
therapy, and detection of relapse in a clinically useful
manner. Clinical utility dictates that knowledge of the
tumor marker should contribute to a decision-making
process that results in a more favorable patient outcome.
Such an outcome may be defined as improved survival,
improved quality of life, avoidance of ineffective or toxic
treatment, and reduction in the cost of health care (3).

The serum tumormarkers used today are far from ideal,
because they have low sensitivity (especially in early tumor
stages), unsatisfactory specificity, unrestricted organ-site
expression, and an unreliable association with tumor
volume changes. As a result, there are only rare clinical
scenarios where tumor markers alone can impact manage-
ment and prognosis. In most instances, they are used as
adjuncts that are coupled with clinical assessment of the
patient, tumor imaging, biopsy results, and molecular
studies. The nature of tumor markers and their approved
uses in oncology are summarily presented in this chapter.

Metastatic cancer of unknown primary site (CUP)
comprises 3% to 5% of all new diagnoses of malignancy
and ranks as the fourth to seventh most common cause of
cancer-related death (4). The acronym CUP is used when
metastases are present in the absence of an identifiable
tumor primary site, despite a thorough, systematic diag-
nostic evaluation. The latter consists of history, physical
examination, hemogram screening, biochemical tests, chest
and abdominopelvic CT scans, pathological evaluation of
biopsy material, and additional symptom- or sign-driven
endoscopic and imaging studies. CUP is characterized by
primary site tumor dormancy or regression, early systemic



dissemination, resistance to therapy, and a poor prognosis
(5). Recently, a minority of patients have been identified
that belong to specific clinicopathologic CUP subsets with a
more favorable prognosis (Table 1). The identification of
either the primary tumor related to the CUP or the presence
of a “good risk” CUP subset is believed to be clinically
meaningful, because it will allow physicians to better define
prognosis and administer tailored primary or CUP subset-
dependent therapy. The available evidence and recommen-
dations for the use of serum tumormarkers in this setting are
also considered in this chapter.

n WIDELY USED TUMOR MARKERS AND
APPROVED APPLICATIONS

The serum tumor markers most widely used in clinical
practice today are carcinoembryonic antigen (CEA),
CA19-9, CA15-3, CA-125, prostate-specific antigen
(PSA), alpha-fetoprotein (AFP), and beta-human chorionic
gonadotropin (HCG). These determinants, alongwith their
approved and extant clinical uses, are shown in Table 2.

Carcinoembryonic Antigen

CEA was defined in 1965 as an antigen that is expressed in
colonic adenocarcinoma and the fetal colon, but absent in
healthy adults. It is a glycoprotein composed of one

polypeptide chain of 641 amino acids, with a molecular
weight of 150 to 300KDa, depending on the extent of
glycosylation. CEA is encoded by one gene in the CEA gene
family of 29 genes, and its biological function is still
unknown. New, highly specific CEA antibodies have
demonstrated their expression in normal colonic epithelial
cells, gastric mucous cells, prostatic epithelium, and squ-
amous epithelial cells of the tongue, esophagus, and uterine
cervix. In normal colonic epithelium, CEA is released from
the apical surface of columnar cells into the gut lumen,
whereas in the dysregulated cell growth of colon cancer, it is
released into the bloodstream in greater amounts (6).

CEA monitoring is widely used in the surveillance of
patients after curative surgical resection for colorectal
adenocarcinoma. Serial CEA determination detects recur-
rent disease with 80% sensitivity and 70% specificity,
providing a median lead-time of five months (3). Three
meta-analyses have compared outcomes in patients with
colon cancer who were followed intensively with serial
CEA determinations every three months, versus controls
who had only symptom-driven assessment (7–9). All of
those publications showed amodest (9–20%) improvement
in the five-year overall survival of patients in the first group;
they had earlier detection of recurrences and a doubling of
curative re-resections. Accordingly, recommendations is-
sued by the American Society of Clinical Oncology (ASCO)
and the European Group on TumorMarkers advise follow-
up of patients with resected colon cancer who are eligible

n Table 1 Clinicopathologic carcinoma of unknown primary site subsets

Favorable Subsets Unfavorable Subsets

Poorly differentiated carcinoma with midline distribution (extragonadal

germ cell syndrome)

Adenocarcinoma metastatic to the liver

or other organs

Women with papillary adenocarcinoma of peritoneal cavity Nonpapillary malignant ascites (adenocarcinoma)

Women with adenocarcinoma involving only axillary lymph nodes Multiple cerebral metastases (adeno or squamous

carcinoma)

Squamous cell carcinoma involving cervical lymph nodes Multiple lung/pleural metastases (adenocarcinoma)

Isolated inguinal adenopathy (squamous carcinoma) Multiple metastatic bone (adenocarcinoma)

Poorly differentiated neuroendocrine carcinomas

Men with blastic bone metastases and elevated prostate-specific antigen

(adenocarcinoma)

Patients with a single, small, potentially resectable tumor
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for liver resection, using regular CEA determinations for at
least two years postoperatively (10, 11). Serial CEA
evaluation is also useful for monitoring the response to
therapy of patients with metastatic colon carcinoma (12).
CEA serum levels may also be elevated in patients with
benign conditions such as proliferative breast disease,
inflammatory bowel disease, cirrhosis, and chronic ob-
structive pulmonary disease. A wide variety of noncolonic
solid epithelial tumors may synthesize this marker as well,
negating its potentially organ-localizing application in
CUP cases.

CEA is not recommended as a screening test.
Moreover, the prognostic significance of its preoperative
serum level is not strong enough to guide decisions
regarding adjuvant systemic therapy (12, 13).

CA19-9

CA19-9 is a sialylated lactofucopentanose oligosaccharide
that is related to the Lewis-A blood group antigen. It is
present in cell-surface mucins in normal and neoplastic
epithelia of the pancreas, colon, stomach, bile ducts, liver,

and esophagus (14). CA19-9 was initially defined as the
target of the 1116-NS19-9 antibody, which was produced
by inoculating BALB/c mice with a human colorectal
carcinoma cell line (15). Although a regulatory role in cell
adhesion, apoptosis, immune surveillance, and signal
transduction has been proposed for mucins related to
CA19-9 (heavily glycosylated proteins), its precise bio-
logical function is not known.

The use of CA19-9 is not recommended for diagnosis,
follow-up, or monitoring of treatment response for
patients with colorectal cancer. Serum CA19-9 levels are
elevated in association with many other gastrointestinal
tract tumors—especially exocrine carcinomas of the
pancreas—as well as ovarian carcinomas and hepatocel-
lular carcinomas, militating against its effectiveness in
defining a specific primary site in CUP cases.

Benign conditions such as hepatobiliary disorders,
pancreatitis, inflammatory bowel disease, diverticulitis,
diabetes mellitus, and cystic fibrosis may also increase
blood levels of CA19-9 (14). This marker also cannot be
used in isolation for screening, diagnosis, or monitoring of
patients with pancreatic cancer. ASCO states that serial

n Table 2 Serum tumor markers and approved or widely applied clinical uses

Serum Tumor
Marker Use

CEA Surveillance after resection of stage II and III colorectal cancer in patients suitable for liver resection

Monitoring response to therapy of patients with advanced colorectal cancer

CA19-9 Monitoring response to antineoplastic therapy for patients with advanced pancreatic cancer, provided confirmation

with imaging studies is sought in case of elevation

CA15-3 U.S. Food and Drug Administration–approved test for the follow-up of patients with resected breast cancer

Monitoring treatment efficacy in patients with metastatic breast cancer in exceptional circumstances with disease

difficult to evaluate, such as osseous metastases. When used in such a setting, the marker should be combined

with clinical evaluation and imaging studies

CA-125 Screening of high-risk women in combination with pelvic ultrasound

Monitoring response to therapy of patients with ovarian cancer

Surveillance in ovarian cancer patients after completion of primary therapy

PSA Screening average-risk men from the age of 50 yr and high-risk men from the age of 40 yr for prostate cancer

Surveillance of prostate cancer patients after completion of primary therapy

Monitoring disease course in patients with advanced prostate cancer receiving endocrine ablative therapies

HCG/AFP Screening for hepatoma in high-risk groups, combined with liver ultrasound (AFP)

Diagnosis, monitoring of response to treatment, and follow-up of patients with gestational trophoblastic

neoplasia (HCG)

Diagnosis, staging, monitoring of response to treatment, and follow-up of patients with germ cell tumors

(HCG, AFP)

Abbreviations: AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; HCG, human chorionic gonadotropin; PSA, prostate-specific antigen.
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determination of serum CA19-9 values may be employed
for monitoring response to antineoplastic therapy for
advanced pancreatic carcinoma, provided that confirma-
tion of disease status is sought with imaging studies in
cases showing an elevation (12).

CA15-3

CA15-3 is a breast-associated antigen defined by reactivity
to two monoclonal antibodies, DF3 and 115D8, which
were raised against a membrane-enriched fraction of a
human breast carcinoma and human milk-fat globule
membranes respectively (16). The CA15-3 epitope is a
glycopeptide sequence on MUC1 mucin, a 250 to
1000KDa transmembrane glycoprotein consisting of a
large extracellular domain, a membrane-spanning domain
(31 amino acids), and a cytoplasmic tail (69 amino acids).
MUC1 is present in the apical surface of normal ductal
breast epithelium, uterine endometrium, and gastrointes-
tinal tract epithelium, and is glycosylated to varying
extents. In malignant tumor tissue, the mucin is overex-
pressed as well as aberrantly glycosylated, and loses its
apical polarity (16, 17).

Serum CA15-3 levels are used for monitoring patients
with early or advanced breast adenocarcinoma in many
medical centers worldwide. An ASCO panel recently
found that 67% of 352 breast cancer patients with
elevated CA15-3 values had confirmed tumor relapses.
Only 8% of 1320 patients who were free of recurrence
had serum CA15-3 elevations by immunoassay (10). Still,
CA15-3 elevation mainly occurs in the setting of
metastatic disease that is incurable, blunting its utility as
a guide to early and effective therapy for recurrence. High
CA15-3 values are also seen in association with benign
breast diseases, hepatic disorders, endometriosis, auto-
immune conditions, drug or cytokine administration, and
infections. Moreover, serum CA15-3 elevations have been
linked to other solid tumors apart from breast carcinoma.
Therefore, it is not satisfactory as a directive marker in
patients with CUP.

Because early treatment of asymptomatic individuals
with relapsed breast cancer does not enhance outcome,
ASCO and German “expert” panels were unable to
recommend the routine use of CA15-3 in the surveillance
of patients with resected breast cancer. Nonetheless, the
U.S. Food and Drug Administration did approve this
application of CA15-3, as well as the related marker BR
27.29 (16, 18). Data from 11 studies showed a good
correlation between changes in serum CA15-3 concen-
trations and the response to therapy of patients with
advanced breast cancer. Thus, ASCO has stated that the
marker can be used for monitoring treatment efficacy in
selected patients with metastatic breast cancer, such as
those with osseous involvement (10). When used in such a

setting, CA15-3 cannot be used alone to define response to
treatment, and additional information must always be
obtained from clinical evaluation and imaging studies.

CA-125

CA-125 was initially defined by the OC125 monoclonal
antibody, obtained through immunization of BALB/c mice
with the ovarian serous adenocarcinoma cell line
OVCA433 (19). CA-125 is a 40KDa proteolytic fragment
of the MUC16 transmembrane glycoprotein, characterized
by an N-terminal region of nine sequences of 156 amino
acids repeated in tandem, and a C-terminal region contain-
ing a membrane-spanning domain and a cytoplasmic tail
(20). MUC16 is present in the coelomic epithelium of the
ovary, peritoneum, pericardium, and pleura. It is overex-
pressed in serous papillary carcinoma, and, to a lesser
extent, in mucinous adenocarcinoma of the ovary (21).

CA-125 levels are also elevated in benign conditions
such as ovarian cysts, endometriosis, uterine leiomyomas,
serosal inflammatory disorders such as peritonitis, peri-
carditis, and pleuritis, serosal bleeding; and pregnancy
(22). Moreover, CA-125 is potentially synthesized by
carcinomas of the pancreas, bile ducts, breast, lung,
thyroid, distal esophagus and stomach, and liver, as well
as by mesotheliomas (22, 24). This characteristic inter-
feres with the use of this marker in attempts at primary
tumor localization in examples of CUP.

Serum CA-125 testing has a relatively low sensitivity
and specificity as a screen in healthy women for ovarian
cancer (25). Screening of high-risk women by means of
serial serum CA-125 determinations and ultrasound yields
false-positive findings in 1% to 4% of cases. The latter
should be considered as an experimental strategy that is
still under study (25). Several trials reported that serum
CA-125 concentrations show concordance with the
clinical course of advanced ovarian carcinoma (22). It is
now accepted that CA-125 is an accurate, convenient, and
relatively cheap method for assessing response to treat-
ment in patients with that tumor. Following surgery and
initial chemotherapy, many ovarian cancer patients are
monitored with serial determinations of serum CA-125
levels, based on the assumption that early administration
of salvage chemotherapy could improve survival. The lead
time between CA-125 elevations and clinical progression
varies from 1 to 15 months, though it is not known if this
fact has an impact on patient outcome or quality of life in
a beneficial way (22). Until results of ongoing randomized
studies become available, there is no established role for
monitoring asymptomatic patients with serum CA-125
after completion of primary therapy for ovarian carcino-
ma (27). Once relapse occurs, serum measurements of
this marker can again be used for monitoring the
disease course.
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Prostate-Specific Antigen

PSA belongs to the family of kallikrein proteases. It is a
30KDa macromolecule synthesized primarily, but not
exclusively, by prostatic epithelial cells. PSA is bound in
serum by the endogenous protease inhibitors alpha-1-
antichymotrypsin and alpha-2-microglobulin.

Although an elevated serum PSA level is potentially
associated with benign prostatic hyperplasia, prostatic
ischemia, prostatic intraepithelial neoplasia, and prostati-
tis it is currently the best available noninvasive test for
prostate carcinoma screening and early diagnosis (28).
Serum PSA testing at a cutoff point of 4mg/L has a
sensitivity of 71%, a specificity of 35% to 75%, a false-
positive rate of 25% to 65%, and a false-negative rate of
20% to 30% (3, 29). PSA screening detects prostatic
carcinomas at a median of five years in advance of clinical
presentation, with the vast majority being organ confined.
Nonetheless, it is not known whether earlier diagnosis and
therapy enhances patient outcome. Two large prospective
trials comparing survival in screened and control patient
groups are currently underway in Europe and the United
States (30). Despite the lack of evidence, American and
European observers have recommended annual digital
rectal examination and serum PSA testing in all men over
50 years of age (31, 32).

In addition to screening, serum PSA testing is widely
used in clinical practice for staging and monitoring the
clinical course of patients with known prostate cancer.
Serum PSA has an independent predictive value vis-à-vis
pathological stage as well as locoregional invasion and
prognosis (33). PSA testing is useful for monitoring
patients after completion of primary therapy and those
with advanced disease on endocrine ablative therapies.

With respect to localizing a primary site in CUP cases,
PSA is an effective and specific marker, with only a few
exceptions (33a). The extraprostatic spread of prostate
cancer is typically associated with marked elevations in the
serum PSA level. This fact, together with the selectivity of
this marker for prostatic epithelial differentiation, gives it
considerable value with regard to predicting the source of
metastases of unknown anatomic origin.

AFP and b-HCG

AFP and HCG are produced by trophoblastic or yolk-sac
elements in germ cell tumors. These include choriocarci-
noma (HCG), selected examples of seminoma (HCG), and
yolk-sac tumor and polyembryoma (AFP). Regenerating
or neoplastic liver cells also may synthesize AFP, and a
host of somatic malignancies—including gastric carcino-
ma, lung cancer, and bladder carcinoma, among others
(34, 35)—may show divergent germinal differentiation
with corresponding synthesis of either AFP or HCG. As
expected, this variability of tumor types may interfere

with the use of AFP and HCG in CUP cases to locate a
primary lesion. Nevertheless, it should be understood that
their ectopic production by nongestational, nongerminal
tumors is relatively rare.

HCG is a 45KDa a/b heterodimeric glycoprotein
hormone that is exclusively produced by trophoblastic
cells of the placenta under normal circumstances (36).
AFP is a 70KDa, single, glycosylated polypeptide chain
that is synthesized in the fetal liver, but only in low
amounts during adult life (37). Several functions have
been proposed for both molecules, including regulation of
cellular growth, differentiation, adhesion, angiogenesis,
immune function, and ligand transport.

These two biological molecules possess some of the
characteristics that approximate those of ideal tumor
markers. They are elevated in the serum of 80% to 100%
of patients with gestational choriocarcinoma and meta-
static nonseminomatous germ cell tumors (NSGCT) and
are quite selective for those tumors. Serum concentrations
of AFP and HCG reflect changes in the tumor burden and
may be used to judge the efficacy of antineoplastic
therapy. Moreover, their baseline serum levels provide
useful staging and prognostic information for gestational
trophoblastic neoplasms and NSGCT (2, 3).

Serum HCG testing is pivotal for the diagnosis of
gestational trophoblastic neoplasia, risk classification,
monitoring of treatment, and ongoing surveillance of
patients after completion of therapy (38). Pretreatment
serum AFP and HCG concentrations are independent
prognostic factors for patients with NSGCT and were the
first tumor markers to be incorporated into the AJCC/
UICC staging system for those lesions (39, 40). In addition
to their prognostic and monitoring functions, serial
determinations of AFP/HCG are mandatory in the long-
term evaluation of NSGCT patients who are believed to be
cured (41). In this setting, rising marker concentrations,
even in the absence of radiological or clinical evidence of
disease, would suffice to reinitiate treatment.

In accordance with information presented earlier,
other clinical entities must be excluded that may cause
modest, spurious, or temporary elevation of serum HCG/
AFP concentrations (hepatitis, cirrhosis, pregnancy, can-
nabis use, hepatocellular carcinoma, and other solid
tumors) before concluding that a trophoblastic or germ
cell tumor is present. In the majority of circumstances,
appropriate physical examination, evaluation of patient
demographics, and the evolution of serum-marker con-
centrations can distinguish nongerminal tumors from
germ cell neoplasms.

Serum AFP testing is also used in conjunction with
ultrasound imaging in screening high-risk patients with
cirrhosis for hepatocellular carcinoma. However, no
consensus exists regarding survival benefits that might
be associated with this strategy (42).
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n TUMOR-MARKER EXPRESSION IN CUP

CUP cases represent a heterogeneous group of malignan-
cies, with the common denominator of early systemic
dissemination, quite often involving uncommon organ
sites, in the absence of a definable primary tumor. Several
hypotheses have been proposed to explain the peculiar
natural history of CUP. All of them postulate the
emergence of a metastasis-capable clone of malignant cells
that can spread distantly and proliferate at secondary sites.
At the same time, the primary tumor fails to grow, either as
a result of intrinsic biochemical defects or suppressive
effects of the local microenviromment. A lack of angioge-
netic effectors or cell survival–growth transducers, as well
as the impact of proapoptotic and metastasis-growth
suppressing proteins in the milieu of the primary tumor,
have been proposed as mechanisms responsible for its
dormancy (43, 44). To date, no preclinical evidence has
been generated to confirm or refute these hypotheses.
Debate over the true nature of CUPs still revolves around
the basic question of whether they simply reflect meta-
stases from missed primary neoplasms—in which case it
would represent an artificial grouping of metastatic
tumors—or are they truly separate clinical entities with
distinct genetic and epigenetic aberrations, characterized
by a CUP-specific molecular signature? If the latter
scenario proves to be true, the multigene molecular
signature of a CUP would differ in regard to several key
genes from that of the primary tumor (45).

As described earlier, the commonly used tumor
markers for carcinomas are glycoproteins that are
relatively overexpressed in malignant cells compared with
their normal epithelial counterparts, with aberrant glyco-
sylation and architectural distribution. They are released
into the blood in greater amounts than normal tissues
would yield. It is crucial to emphasize that these markers
are not tumor specific (i.e., present in malignant tissues
only), but are instead tumor associated (relatively overex-
pressed in cancers). Moreover, their overexpression is not
restricted to a specific tumor type, but quite commonly
spans a range of solid tumor sites and histological
categories. Coexpression and release into the blood of
more than one tumor marker is not rare in clinical
practice, in reference to cancers of the breast, ovary, lung,
kidney, and gastrointestinal tract (1, 3, 46).

Unfortunately, this experience with known primary
tumors does not offer much help in locating a “missing”
primary malignancy for reasons implicit in the foregoing
discussion. Still, this is a highly desirable goal, because
knowledge of the primary tumor would enable oncologists
to furnish more accurate information concerning prog-
nosis, and to choose specific primary site–dependent
antineoplastic therapies. Even though it can be argued
that such treatments are unlikely to alter the prognosis

substantially in the setting of widespread metastases, such
knowledge would at least allow for classification of
patients with CUP into favorable or high-risk clinicopa-
thologic groups. Finally, the diagnosis of metastases of a
CUP seems to generate considerable anxiety and un-
certainty in both the physician and the patient regarding
proper treatment and prognosis. These feelings are
seemingly even more marked than those pertaining to
metastasis of a known primary tumor, probably because
of the compounded uncertainty in CUP cases.

Koch and McPherson reviewed 542 patients with
metastatic tumors of known anatomic origin and reported
that elevated serum CEA levels > 10 ng/mL were most
often associated with tumors from endodermally derived
organs (i.e., gastrointestinal tract and lung), as well as the
breasts, endometrium, uterine cervix, and ovaries (47).
The authors then attempted to validate these observations
in a cohort of 32 patients with metastases from unknown
primary sites. They concluded that normal or moderately
elevated plasma CEA levels (0–10 ng/mL) were not useful,
because they could be seen in association with many
tumor types. However, CEA plasma levels > 10 ng/mL
were felt to indicate that the primary lesion was in an
endodermally derived organ, or the breast or ovary, thus
narrowing the search for the “parent” tumor.

These preliminary data (from 1981) were not con-
firmed by other investigators. In another series of 147
CUP patients from the M.D. Anderson Cancer Center,
reported by Varadhachary et al., 41 patients had CEA
values >10 ng/mL (48). At that cutoff level, the marker
concentration did not help to establish a primary site.
Similarly, in a study by Fritsche, 41 patients with CUP had
serum CEA values > 10ng/mL, and primary localization
was not aided by the marker in that group either (49).
Gupta et al. measured serum CEA and CA19-9 concen-
trations in patients with different malignancies, 15 of
whom had liver metastases of tumors in unknown primary
sites (50). CEA was elevated in 40% and CA19-9 in 27%
of these patients, but there was no correlation of the
markers to other specific clinicopathologic findings. It is
possible that metastatic dissemination, with involvement
of several organs and tissues, resulted in nonspecific
overexpression of CEA and CA19-9.

Our group retrospectively evaluated six tumor
markers (CEA, CA19-9, CA-125, CA15-3, b-HCG, and
AFP) in 85 patients with CUP. We attempted to relate
serum levels with histological features of the tumors,
metastatic sites, responses to therapy, and outcome (51).
More than 40% of the patients had increased serum levels
of all six markers except for AFP, which was elevated in
only 17% of cases. Patients with liver involvement had
higher mean levels of CEA and CA19-9, as compared to
those with only lymph nodal disease. High serum CA19-9
and CA15-3 concentrations showed a relationship with
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advanced disease. None of the markers had any predictive
value for response to treatment, nor were they prognostic.
We concluded that patients with CUP have a nonspecific
overexpression of the specified markers, and that the
routine use of these analytes does not provide any
diagnostic or prognostic assistance.

Milovic et al. assessed serum concentrations of CEA,
CA19-9, CA15-3, and CA-125 in 46 patients with CUP.
They looked for relationships with histological findings,
metastatic sites, treatment efficacy, and outcome (52).
Thirty-three patients had increased serum levels of at least
one marker. There was no correlation of marker values
with histological tumor type, metastatic pattern, treat-
ment response, or outcome. The authors similarly
concluded that the serum tumor markers in question had
little value in CUP cases.

Yonemori et al. evaluated the usefulness of tumor-
marker measurements and searched for prognostic factors
in 93 CUP patients who received platinum-based combi-
nation chemotherapy (53). Ninety-one of them manifested
at least one abnormal serum tumor-marker concentration,
with a median number of elevated markers of 5. The
proportion of patients with elevated values of CEA,
CA19-9, CA15-3, and CA-125 (women only) were 44%,
39%, 28%, and 64% respectively. High serum PSA (men
only), b-HCG, and AFP levels were seen in 8%, 55%, and
5% of cases, respectively. The performance status,
number of involved organs, and elevated serum lactate
dehydrogenase (LDH) levels were the only independent
prognostic factors for outcome in multivariate statistical
analysis. The authors concluded that routine tumor-
marker measurements were ineffective in identifying a
primary tumor site. Moreover, they were not capable of
predicting response to platinum-based therapy or prog-
nosticating the survival of patients with CUP. Published
clinical experience regarding serum tumor-marker use in
CUP is summarized in Table 3.

n TUMOR-MARKER USES AND ABUSES IN
CASES OF CUP

Cumulative evidence supports the contention that routine
measurement of CEA, CA19-9, CA15-3, and CA-125 in
all patients with CUP is unsupportable as a standard
practice. Loi et al. performed a cross-sectional, retro-
spective study of tumor-marker use in a tertiary hospital
over a three-month period (54). Among 476 marker tests
that were ordered, only 0.8% had any diagnostic value.
Among the 106 assays with abnormal results, 45% were
useful for monitoring the growth of a preexisting cancer,
but only 1.9% served to localize a primary site in CUP
cases. The latter group principally concerned AFP and

hepatocellular carcinoma. In addition, not only do CEA
and CA19-9 show poor organ specificity, but the
tumors likely to be associated with those markers are,
for the moment, largely resistant to available systemic
therapies.

On the other hand, the potential clinical utility of
serum AFP, HCG, and PSA, or that of CA15-3 and CA-
125 in selected patients, is less straightforward. Although
most patients with CUP will succumb to their tumors in
less than one year after diagnosis, it is crucial for
physicians not to miss treatable CUP subsets (4, 5).
Patients with poorly differentiated carcinomas that mainly
involve lymph node groups with a midline distribution
may have extragonadal germ cell tumors (EGCTs).
Women with disseminated papillary serous adenocarcino-
ma of the peritoneal cavity can have either metastatic
ovarian tumors or primary peritoneal serous carcinomas.
Men presenting with blastic osseous metastases likely have
prostate cancer with a missed or regressed primary tumor.
Finally, women with isolated axillary lymphadenopathy
may harbor an occult breast carcinoma on the ipsilateral
side. Patients with these clinical complexes should be
treated with therapies that are tailored to the correspond-
ing primary tumors. These include platinum-based combi-
nation chemotherapy for patients with likely EGCTs,
surgical debulking and platinum–taxane regimens for
papillary serous peritoneal adenocarcinomas, nodal dis-
section with chemotherapy and breast irradiation or
surgery for women with isolated axillary adenopathy,
and, finally, endocrine-ablative therapy for men with
blastic bony implants of prostatic carcinoma.

A proportion of these patients will enjoy long-term
disease remission after appropriate treatment. Luckily,
EGCTs and occult prostatic tumors often produce
relatively specific tumor markers at concentrations that
are easily detectable in the serum. Accordingly, testing for
those analytes increases the identification of patients with
treatable CUP subsets.

Keeping in mind that the most important aim is to
avoid missing a treatable malignancy, and given the
restrictive nature of selected serum markers at primary
sites, all male patients with CUP should have a basic
panel of AFP, HCG, and PSA. The European Society of
Medical Oncology has recommended this strategy in its
Minimum Clinical Recommendations (55). Even though
the rate of detection may be low, this practice will
ensure that most men with a treatable occult malignancy
are identified.

In view of the nonspecific overexpression of mucins
by malignant epithelial cells, the authors do not advocate
the routine measurement of serum CA15-3 and CA-125 in
all female patients with CUP. These tests should be
obtained in selected cases with a clinical picture that is
compatible with breast or ovarian cancer. These include
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isolated involvement of axillary lymph nodes (occult
breast cancer) and peritoneal deposits or involvement
of pelvic and retroperitoneal lymph nodes by serous
papillary or undifferentiated carcinomas (occult ovarian
or primary peritoneal cancers) (56). In these circum-
stances, elevated serum concentrations of CA15-3 or CA-
125 strengthen the case for a treatable CUP subset and
guide therapy.

It is important to remember that elevation of these
tumor markers alone is neither necessary nor adequate for
the diagnosis of a treatable CUP subset or for reliable
prognostication. Curow et al. reported 15 patients with
midline nodal carcinoma who had elevated serum AFP or
HCG. Only two responses to platinum-based chemo-
therapy were achieved in that group (57). The median
survival of all patients, excluding one long-term survivor,
was only 4.5 months. On the other hand, Motzer et al.
reported a 75% response rate to platinum-based chemo-
therapy and prolonged survival among 12 CUP patients
who had no serum AFP/HCG elevation but harbored
malignancies with the isochromosome 12p (a cytogenetic
marker of germ cell tumors) (58). A thorough, conjoint
evaluation of marker levels with patient characteristics,
clinical presentations, histological findings, adjunctive
pathological studies, and results of imaging tests is
mandatory in CUP cases.

n CONCLUSIONS AND FUTURE OPTIONS

Metastatic carcinomas from unknown primary sites
commonly overexpress several tumor markers in a non-
specific fashion. Accordingly, routine serum marker test-
ing does not furnish much useful diagnostic, predictive, or
prognostic information. Serum AFP, HCG, and PSA
analysis is a notable exception to this rule, because their
systematic measurement will ensure that the majority of
patients with treatable CUP subsets (EGCTs and occult
prostatic cancers) are identified. Serum CA15-3 and CA-
125 levels may be determined in selected patients whose
clinical presentations suggest an occult breast carcinoma
or ovarian–peritoneal tumors of Mullerian type. Those are
likewise treatable CUP subsets (Table 4).

High-throughputmultigene expression ormultiprotein
profiling with oligonucleotide or tissue proteinmicroarrays
offer promise for the identification of the primary tumor site
in CUP cases, relying on tissue-specific genetic signatures.
These techniques are discussed in detail in Chapter 8.
Dennis et al. used 15 publicly available SAGE data libraries
and performed hierarchical clustering to demonstrate that
common metastatic adenocarcinomas clustered according
to their site of origin (59). Su et al. employed oligonucleo-
tide arrays to determine the expression of 12,533 genes
from 11 tumor types, in a sample of 100 primary tumors

n Table 3 Published clinical experience on use of serum tumor markers in CUP

Authors (Ref.)
Number of CUP

Patients (n) Markers Studied
Diagnostic
Utility

Predictive/
Prognostic Utility

Koch and

McPherson (47)

32 CEA Yes No

Varadhachary et al.

(48)

147 CEA No No

Fritsche (49) 41 CEA No No

Gupta et al. (50) 15 CEA, CA19-9 No No

Pavlidis et al. (51) 85 CEA, CA19-9, CA-125; CA15-3, b-HCG,
AFP

No No

Milovic et al. (52) 46 CEA, CA19-9; CA15-3, CA-125 No No

Yonemori et al. (53) 93 CEA, CA19-9; CA15-3, CA-125; PSA,

AFP, b-HCG
No No

Abbreviations: CUP, carcinoma of unknown primary site; CEA, carcinoembryonic antigen; HCG, human chorionic gonadotropin; AFP, alpha-

fetoprotein; PSA, prostate-specific antigen.
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(60). A set of 110 genes (10 per tumor type), which were
differentially expressed according to anatomical site,
succeeded in accurately classifying a validation set of 75
tumors according to tissue and organ site of origin in 75%
to 87%of cases. Bloom et al. used both oligonucleotide and
spotted cDNA microarrays to profile 78 adenocarcinomas
from seven common anatomic sites (61). A set of 400 genes
was required for 50 metastatic tumors with known
primaries to be classified according to their sites of origin
with 84% accuracy. Ma et al. and Talantov et al. recently
used data from gene microarrays to devise 92-gene and 10-
gene real-time polymerase chain reaction assays that
classified tumor validation sets as to their primary sites
with accuracies of 87% and 78% (62, 63). Tothill et al.
used a single cDNA microarray platform and profiled
229 primary and metastatic tumors, representing 14 tumor
types, with 89% accuracy in training and validation sets
(64). Use of the microarray was successful in 11 of 13 CUP
cases in predicting the probable anatomic site of origin.
Dennis et al. assessed the expression of 27 proteins in 352
primary adenocarcinomas from seven sites (65). A simpli-
fied diagnostic panel of 10 peptides and a decision tree were
devised in that study, which were able to correctly classify
88% of primary and metastatic tumors in an independent
validation set.

All of these multigene or multiprotein profiling studies
have attempted to classify the genetic pattern of tumors
according to their primary sites. However, none has
examined the potential presence of a CUP-specific primary

site–independent genetic signature. Whether such a
signature does indeed exist remains to be seen.
Hopefully, the cited technological platforms will provide
tools for screening the expression of genes and their
proteins to guide therapies tailored to the genotype of each
CUP, rather than relying on comparatively nonspecific
expressions of a few circulating tumor markers.
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n INTRODUCTION

The incidence of carcinoma of unknown primary site
(CUP), the clinical syndrome of metastatic carcinoma
presenting without an identifiable primary tumor, is
thought to pertain to 3% to 7% of newly diagnosed
cancer patients (1–7). Thus, as many as 35,000 new cases
of CUP occur each year in the United States alone, ranking
among the more common presentations of malignancy.
Less frequent than breast, prostate, lung, and colorectal
cancers, CUPs are similar in frequency to carcinomas of
the ovary and pancreas. CUPs represent a diverse group of
tumors including many moderately to poorly differ-
entiated adenocarcinomas that involve the liver, bone,
lung, lymph nodes, pleura, and brain (8). Approximately
50% of CUPs are from well- to mode-rately differentiated
adenocarcinomas, 30% are poorly differentiated adeno-
carcinomas and undifferentiated carcinomas, 15% are
squamous cell carcinomas, and 5% are undifferentiated
malignant neoplasms (9). The prognosis for CUP is
generally quite poor, with the median survival rarely
reaching one year (9). However, it is generally agreed that
the knowledge of the primary site of malignancy in a
patient who presents with CUP can potentially improve
the patient’s overall outcome (3, 9).

In particular, in the era of targeted therapies for
cancer, it could be possible that a more accurate
determination of the primary site of origin for cases
presenting as CUP could potentially yield an improve-
ment in the survival of these patients by selecting a
tumor-specific form of treatment (9). The diagnosis of
CUP requires a biopsy-proven malignancy that could
not have originated at the biopsy site, the absence
of a confirmed primary tumor site identified after a
thorough medical history or physical examination and
routine medical imaging, and noncontributory laboratory
test results.



n TYPICAL EVALUATION FOR
DETERMINATION OF PRIMARY
TUMOR ORIGIN

In approximately 50% of the 30,000 new cases of CUP
in the United States each year, the primary site of origin
can be determined by clinical information including a
variety of routine laboratory tests, routine imaging
including CT scans, and a detailed medical history
(Fig. 1). Approximately 35% of CUP cases require an
immunohistochemical analysis, including a large panel
of antibodies, to address the location of the primary site
of the tumor. Approximately 85% of CUPs are
identifiable as to their probable anatomic origins, at
or near the time of presentation, using the clinical
testing that is available in most diagnostic facilities. In
the remaining 15% of CUP cases the sources cannot be
determined by standard surgical pathological methods,
and so the application of molecular technologies has
been focused on those lesions (7, 9–12). In these cases
of CUP, the clinical history, laboratory data, imaging
results, and immunostaining pattern have not been
helpful in pointing to a specific primary site of origin
of the malignant process.

Using either fresh or frozen tumor tissue (when
available) and/or formalin-fixed paraffin-embedded
(FFPE) tumor tissues, with or without some type of tumor
enrichment by microdissection, molecular techniques have
generally complemented morphological information. They
use extracted DNA or RNA from the samples and gene-
expression profiling technologies to characterize the
disease. This chapter reviews the various methods of gene-
expression profiling and approaches to data analysis that

have been used to evaluate transcriptional profiling
patterns. The main focus is on the competing techniques
of multiplex real-time reverse transcription–polymerase
chain reaction (RT-PCR) methods, as compared with gene-
expression microarray technologies (cDNA and oligonu-
cleotide). In addition, the emerging approach of profiling
microRNA expression (miRNA) is considered as an
approach to determining the origin of CUPs. A brief
consideration of proteomic profiling using capillary electro-
phoresis and spectroscopic methods are also discussed.

n TISSUE MICROARRAYS

Tissue microarrays (TMAs) have been designed to
produce high-throughput testing of many characterized
tumor samples, often with known clinical status and
follow-up data, using a single microscopic glass slide
(13–16). TMAs can facilitate the discovery of biomarkers
and drug targets by allowing for rapid assessment of
disease associations, as well as improvements in efficiency
and productivity by conserving reagents and reducing
“hands-on” testing time. Patient population studies as
large as 600 cases can be assessed by in situ hybridization
and immunohistology using a single microscopic slide.
New hardware and software for digital image analysis has
been specifically designed to facilitate TMA analysis,
allowing for individual core scoring to be performed in a
semiautomated manner. TMAs facilitate drug discovery
and development by industrializing the assessment of
mRNA and protein target expression in large numbers of
clinically defined samples (17–20). TMAs are also used to
validate disease-specific associations of novel tumor
biomarkers as prognostic and predictive factors (21).
Finally, TMAs have also been used to validate the
discovery of gene sets that are designed to predict the
sites of origin for CUPs.

n TRANSCRIPTIONAL PROFIL ING: GENOMIC
MICROARRAYS

The measurement of relative gene expression by detecting
mRNA levels has evolved into a major technique in the
field of oncological molecular diagnostics. The develop-
ment of printed and spotted genomic microarrays has
allowed for rapid screening and accumulation of new
information concerning germ-line genotypes, gene muta-
tions, and mRNA expression in human malignancies
(22, 23). Transcriptional profiling done via hybridizing
labeled probes, derived from cancer specimens, and
arrayed oligonucleotide or cDNA libraries can provide a
“snapshot” of a given tumor’s transcriptome. The mRNA

Biopsy of
metastatic lesion  

History, laboratory
tests and imaging do
not yield a specific

primary site 

Routine morphology and
panel of IHC markers do

not yield a specific

CUP confirmed
(15%) 

Molecular assay to determine specific
primary site 

primary site

F IGURE 1 Flow chart for CUP origin. Abbreviations: CUP, carcinoma
of unknown primary site; IHC, immunohistochemistry.
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expression levels of well-characterized and/or novel genes
from neoplastic specimens can be compared with the gene
expression levels of reference samples. The latter speci-
mens typically include cell lines, normal tissues, and
precancerous clinical lesions. Biochip and microarray
technologies have contributed to the industrialization of

the genomic and proteomic discovery process, and they
facilitate the development of “personalized medicine” and
individualized therapies (24).

Table 1 lists the major types of arrays or biochips,
as well as the associated fluorescent, radioisotopic, or
mass-spectroscopic reporter systems that are in current

n Table 1 Types of microarrays

Feature
cDNA Microarray
(Spotted Arrays)

Oligonucleotide
Microarrays

Comparative Genomic
Hybridization—BAC/YAC

Microarrays
Tissue

Microarrays

Target type and

technology

Double-stranded cDNA

Made from tumor mRNA

> 100 nucleotides

Polymerase chain

reaction products from

cDNA clones

Competitive

hybridization

16–24 bp oligonucleotides

in situ synthesis or

printing

Up to 240,000 oligos/chip

Probe redundancy

decreases false positives

DNA fragment arrays

Bacterial/yeast artificial

chromosomes

100 bp to 100 kb; 5000 spots

1 Mb resolution

Paraffin section

arrays

Frozen section

arrays

Types of array

surfaces

Glass slides

Silicon

Nylon membranes

Glass slides

Silicon

Nylon membranes

Gels

Beads

Glass slides

Signal detection

systems

Fluorophores

Radioisotopes

Typically dual color

Fluorophores

Typically single color

Fluorophores Fluorophores

Chromagens

Radioisotopes

Technical limitations Printing inaccuracies

False hybridizations

Greater density, but

limited by cross-

hybridization errors

Limited resolution Tumor

heterogeneity

Formalin-based

protein and RNA

degradation

Automation

capability

Robot printing

Laser scanning

Robot printing

Laser scanning

Fluorescence microscopy

Digital imaging

Image analysis

Clinical applications Leukemia/lymphoma

classification

Solid tumor classification

Carcinoma of unknown

primary site

Drug selection

Gene resequencing

Single nucleotide

polymorphism (SNP)

discovery

Tumor classification

SNP prediction of toxicity

Drug selection

High-resolution cytogenetics

for gains and losses

Tumor classification

New primary tumor vs.

metastasis

Currently used for

research purposes

only

Drug discovery and

development

applications

Drug target selection

Pharmacogenomics

discovery

Biomarker discovery

Drug target selection

Pharmacogenomics

discovery

Biomarker discovery

Drug target discovery Drug target

validation

Pharmacogenomic

target validation

Biomarker

validation
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use or in development for cancer molecular diagnostics.
Each of these techniques has in common the ability to
generate hundreds of thousands of data points. Such a
volume of information requires sophisticated and com-
plex informational systems for accurate and useful
data analysis.

cDNA Microarrays

cDNA microarrays were introduced in the mid-1990s
and are now widely used for the expression profiling of
human clinical samples. Using sequence-verified cDNA
clones, robotic printing, fluorescent or radioisotope-based
signal detection, and usually either glass-slide or nylon-
membrane hybridization surfaces (Fig. 2), this technique
can generate a wealth of new information in subtyping
leukemia/lymphoma, solid tumor classification, pharma-
cogenomics, and drug and biomarker target discovery
(22, 23). In addition, oligonucleotide-based cDNA micro-
arrays, as produced by companies such as Affymetrix, Inc.
and Agilent Technologies, Inc. (Santa Clara, California,
U.S.A.) have been used extensively to map the human
gene transcriptome.

Oligonucleotide Microarrays

Unlike most cDNA microarray platforms that compare
the expression of the unknown tumor sample to
reference tissue mRNA expression levels in a two-color
system, oligonucleotide arrays typically feature a single-
color system and do not include a reference mRNA
sample that is cohybridized with the unknown material.
Oligonucleotide arrays have been extensively used for
transcriptional profiling and detection of single nucleo-
tide polymorphisms (SNPs), as well as individual gene-
point mutations. This method employs photolithography
techniques to apply a large number of oligonucleo-
tides to glass and nylon surfaces (22). Often, there is
redundancy in the microarray so that a single gene is
represented by more than 20 oligonucleotides,
spanning its entire length, reducing the rate of false-
negative results (22). This “single-color” approach has
been employed to profile relative gene expression
differences between samples of human tumors from
different patients.

Oligonucleotide arrays are also highly regarded for
their ability to provide automated, high-throughput
genome-wide analysis of SNPs and other clinically
relevant DNA polymorphisms. In addition, they have
been used to classify subtypes of breast carcinoma and
predict disease progression. Recently, oligonucleotide
arrays have shown substantial promise in helping to select
the most efficacious therapy for a particular disease.

Comparative Genomic Hybridization Microarrays

In DNA–array-based comparative genomic hybridization
(array-CGH), the original CGH technique, which was
applied to metaphase chromosomes, has been replaced by
spots of cloned cDNA or artificial human chromosomes
derived from bacteria (BAC) or yeast (YAC) (25). The
resolution of array-CGH is significantly greater compared
to standard metaphase CGH. The former technique can be
automated to increase throughput and open the door
to further discovery of specific genetic targets that may
be exploited by future anticancer drugs (25, 26).
Recent studies of breast cancer cell lines and clinical
specimens have shown a significant correlation between
DNA abnormalities discovered by array-CGH and RNA
expression measured in the same samples as profiled on
genomic microarrays (27).

Data Analysis and Data Display

Each DNA microarray produces tens of thousands of
measurements that require significant computer-based
data analysis to query biologically relevant patterns. It is
critical to have systems in place that efficiently combine
associative, functional, and gene expression data to assess
the potential of a gene as a disease marker or drug target.
Four techniques have emerged as the predominant method
of DNA microarray data analysis: hierarchical clustering,
self-organizing maps, multidimensional scaling, and path-
way associations (27, 28).

Originally described in 1997, the arrangement of
hybridization data into a cluster order based on color-
coded intensities (a measure of comparative gene
signals), provided clues as to which genes were signaling
in groups (29–35). Typically, genes whose expression
was significantly greater than that of a reference sample
were depicted with increasing intensity on the “red”
scale and those with less gene expression as increasing
“green” signals (30). In hierarchical clustering, an
algorithm groups genes in an array, based on similarities
in their patterns of gene expression. Typically, those
genes featuring the most similar patterns of expression
are placed next to one other in the vertical axis, and
patient samples with similar clinical or disease outcome
features are arranged along the horizontal axis. This
process yields a “heat map” (Fig. 3). The grouping of
samples with similar gene expression with others
that are linked to similar disease outcomes is known
as a dendrogram.

Cluster analysis of genes can be performed in both a
supervised and an unsupervised manner. In supervised
analysis, the bioinformatics system uses machine learn-
ing after the computer is provided with an initial batch
of categorized data. It features additional information
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on classification, such as tumor subtype, grade, stage,
and disease outcome. This initial profiling step is
known as the “learning or training set.” In unsupervised
analysis, the computer attempts to perform the cluster-
ing process without exposure to a set of previous
training cases.

n TRANSCRIPTIONAL PROFIL ING:
MULTIPLEX RT-PCR

The introduction of the real-time RT-PCR technique has
allowed for rapid growth in gene expression studies,
pertaining to both hematologic malignancies and solid

0 2 4 6 8 10 12 14 16 18 20 22 24 40 42 4426 28 32 34 36 3830

100

10–1

10–2

10–3

Threshold

(A)

(B)

Baseline

CT

Cycle

δR
n

F IGURE 2 Gene expression evaluation systems. (A) The Affymetrix GeneChip System (Affymetrix Corp, Santa Clara, California, U.S.A.) features a
single-color oligonucleotide microarray where each gene is represented by multiple probe pairs. The sequences of the probes are specific for a particular
gene and the probe pairing design facilitates identification and subtraction of nonspecific hybridization and background signals. Hybridization signals
are developed using immunochemistry and detected using a high-resolution scanner. (B) Basic principles of quantitative real-time polymerase chain
reaction (RT-PCR). qRT-PCR amplification curves plot fluorescence-signal intensity (dRn) versus cycle number. The curves for three samples, run in duplicate,
are shown.CT values are indicated by arrows and represent the cycle fractions where the instrument can first reliably detect fluorescence derived from the
amplification reaction. The fluorescence signal during the initial cycles of the polymerase chain reaction (PCR) is below the instrument’s detection threshold
anddefines the baseline for the amplification plot. An increase in fluorescence above the threshold indicates the detection of accumulated PCRproduct. The
amount of target in an unknown sample is quantified by measuring the CT and using the standard curve to determine starting copy number.
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tumors (36). In multiplex RT-PCR, “housekeeping” and
gene-specific oligonucleotide primers and dye conjugated
probes are added to cDNA. The latter moiety is produced
from RNA isolated from clinical samples, and a quanti-
tative level of mRNA expression is obtained by normal-
izing the amplification cycle time for the target gene
against that of a “housekeeping” gene (36). A variety of
commercial closed-system RT-PCR technologies are used
for clinical applications, predominantly represented by the
TaqMan (ABI, Inc. Foster City, California, U.S.A.) and
the Lightcycler (Roche Applied Science, Inc. Indianapolis,
Indiana, U.S.A.) instruments. RT-PCR applications gen-
erally focus on the enhanced sensitivity that is associated
with PCR-based strategies, owing to an ability to detect
RNA over a 7-log range.

Leukemia and Lymphoma Diagnosis and Management

RT-PCR techniques found their first clinical applications
in the field of leukemia and lymphoma management
(37–40). RT-PCR can be used to detect the presence of
non-Hodgkin’s lymphoma in minute tissue samples
(38, 40), as well as the recurrence of the disease after
bone marrow transplantation (39). Although the sensi-
tivity of PCR-based methods in detecting recurrent
tumor has caused concern regarding their specificity for
clinically significant [versus “molecular-only” (biologi-
cally irrelevant?)] disease relapse, most major cancer
centers do employ the technique regularly to follow
patients after intensive ablative treatments and/or bone
marrow transplantation.

Micrometastasis Detection, Sentinel Lymph Node Evaluation, and
Evaluation of Surgical Resection Margins

Recently, RT-PCR methods have been used to detect
minute amounts of tumor-derived mRNA in lymph-node
samples and surgical resection margin specimens, taken
from patients with breast cancer (41–43) and a variety of
other solid tumors (44–49). This approach has been
compared with serial tissue sectioning and immunohisto-
chemical assessment (50, 51), in reference to the detection
of “micrometastases” in sentinel lymph-node biopsies.
The methods designed to enhance the diagnosis of
micrometastasis are currently controversial. It is not
certain whether lymph-node samples that do not show
malignant cells by routine microscopy, but contain
abnormal mRNA expression as detected by RT-PCR, are
clinically different from lymph nodes that are truly free of
metastases by all parameters (52). Long-term clinical
follow-up and treatment-specific surveillance will be
needed to determine whether ultrasensitive methods, such
as RT-PCR, are superior to traditional pathological
evaluations in guiding therapeutic decisions and improv-
ing patient outcomes.

‘‘Rare Event’’ Detection in Peripheral Blood and Body Fluids

Detection of rare circulating tumor cells in peripheral
blood and body fluids by RT-PCR has been used as a
method for the diagnosis of early-stage breast cancer,
molecular staging of the disease, and monitoring ther-
apeutic response (53–57).

Gene Methylation Status

RT-PCR-based measurement of “CpG” island promoter-
gene hypermethylation has been extensively studied as an
adjunct for the diagnosis of solid tumors (58–60). Gene
silencing by methylation has also been studied in
breast carcinoma (61–63). The “silencing” of important
disease-related gene pathways such as those relating to
estrogen receptor (ER) protein-related genes and BRCA1
have been identified in tumor cell lines and clinical
samples (64–66). Methylating enzymes have recently
emerged as targets in cancer therapeutics (67).

Pharmacogenomics

The RT-PCR technique has enabled the introduction of
pharmacogenomics into clinical practice. In view of the
fact that most human tumor samples are stored after
formalin-fixation in paraffin blocks, strategies have been
designed to amplify mRNA targets after extraction
from paraffin. Most notable among these is Taqman
RT-PCR quantitation of thymidylate synthase and dihydro-
pyrimidine dehydrogenase mRNAs, extracted from

F IGURE 3 The heat map. The image demonstrates the standard data
expression for gene clustering using the heat-map display system. Gene
expression at levels greater than baseline are displayed in deepening red
color and genes expressed below baseline are shown in deepening
green color. Gene expressions equal to the reference housekeeping gene-
expression level are shown in black. The patient’s tumor samples are
represented in the columns and the individual genes are represented in
the rows. Source: From Ref. 97.
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paraffin-embedded tissues. These markers are felt to be
predictors of response to 5-fluorouracil-based therapy for
colorectal carcinomas (68).

n COMPARISON OF GENOMIC MICROARRAY
AND RT-PCR TECHNOLOGIES

As seen in Table 2, genomic microarray and RT-PCR
technologies have been commercialized for the evaluation
of clinical cancer samples. Microarrays have the advant-
age of being able to profile thousands of genes on a single
chip or glass slide. This process generates enormous
databases and expression signatures. RT-PCR features a
broader dynamic range than microarrays can provide,
and this may be critical for developing satisfactory
reproducibility among testing sites. In addition, RT-PCR
is more readily applied to FFPE tissue and may not
require tissue microdissection for most clinical applica-
tions. The commercial assays that use these technologies
are expensive, with prices exceeding $3000 per test.

n SERIAL ANALYSIS OF GENE EXPRESSION

Serial analysis of gene expression (SAGE) is a direct and
quantitative measure of expression that is based on the
isolation and sequencing of unique sequence SAGE tags
(69). Sequencedata are analyzed to identify the presence and
level of gene expression, and they are combined to form a
SAGE “library.” This process is similar to that of “differ-
ential display,” and the SAGE method is currently applied
principally for thediscoveryof biomarkers. Byusing a SAGE
strategy with hierarchical clustering of publicly available
data, it has been shown that adenocarcinomas and their
metastases cluster according to their anatomic sites of origin
(70). The strategy usedwas a novel bioinformatic approach,
contrasting the differences between clusters and employing
diverse sources. These included public expression data from
analyses of SAGE and digital differential displays, as well as
published microarray studies (70).

A 61-gene marker set identified from the expression-
profiling databases was then converted to an 11-gene RT-
PCR assay for testing on primary adenocarcinomas from a
range of sites. Seven (64%) were site restricted (70).

n TRANSCRIPTIONAL PROFIL ING FOR
SOLID TUMOR CLASSIF ICATION AND
DETERMINING SITES OF ORIGIN FOR CUP

Genomic microarrays and RT-PCR techniques have also
been used extensively to advance and revise the classi-
fication of malignancies (71–78). The initial “molecular

classification” of cancer used a DNA microarray profiling
system to create an algorithm for cancer class discovery
and prediction (70). This schema was then applied to
classify acute leukemias, and an accuracy of 100% was
achieved (70). A subsequent study from the same
investigators used an algorithm for support vector
machines (SVM), and a “one versus all” (OVA) classifier,

n Table 2 Comparison of microarray and RT-PCR
technologies

Genomic
Microarray

Multiplex
Quantitative
RT-PCR

Commercial

providers

Affymetrix, Agilent Roche, Applied

BioScience

Maximum number

of genes that

reasonably can

be profiled

30,000–40,000 10–100

Typical

commercial

assay

60–1550 genes 10–92 genes

Paraffin tissue

capability

Limited Widely accepted

Micro-dissection May be required Rarely required

Dynamic range Intermediate High

Bioinformatic data

analysis systems

Highly complex Complex; near-

standardized for

technique

Not standardized for

either technique or

data

Not standardized

for data

Reproducibility

across different

platforms

Limited

documentation

Significant

documentation

Testing platform Predominantly

centralized to

commercial

laboratories

Both centralized

and

decentralized

platforms

Commercialized

test cost

High (>$3000) High (>$3000)

Abbreviation: RT-PCR, reverse-transcription polymerase chain reaction.
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in a DNAmicroarray-profiling study of 14 different tumor
types (72). In that assessment, 78% accuracy was obtained
(72). The molecular classification of breast carcinoma is
also currently in use to assess the prognosis and potential
selection of targeted therapies (71).

Expression profiling studies to determine the sites of
origin for CUPs have used classification algorithms to
determine the molecular “portrait” of human neoplasms.
The gene expression profile of a test sample is compared
with a reference database of known tumor profiles (79).
This system uses a “nearest neighbor” identification
system, generating a “k” value, which numerically
estimates whether the expression profile of the unknown
specimen matches that of a known tumor type (79).

Another large-scale RNA profiling study used super-
vised machine-learning algorithms to construct a first-
generation molecular classification scheme. It was applied
to carcinomas of the prostate, breast, lung, ovary, colon
and rectum, kidney, liver, pancreas, bladder and ureter,
stomach, and esophagus (77). The classification scheme
that was developed in this study was based on identifying
gene subsets. Their expression typified each cancer class; it
led to a prediction of the primary site of tumor origin for
90% of 175 carcinomas, including 9 of 12 metastatic
lesions (77). Predictor gene subsets include those whose
expression is characteristic of various normal epithelia, as
well as others that demonstrate elevated expression
profiles after malignant transformation (77).

More recently, a single cDNA microarray platform
was used to profile 229 primary and metastatic tumors,
representing 14 tumor types with multiple histological
subtypes. It generated a data set that was used for training
and validation of an SVM classifier (12). This approach
generated 89% accuracy using a 13-class model. Using
fresh-frozen and FFPE tissues, the data set was then
translated into a 5-class quantitative PCR platform using
79 gene markers, applied to a low-density microarray
(12). Data generated from the microarray and quantitative
PCR approaches were then used to train and validate a
cross-platform SVM model. It successfully identified the
site of origin in 11 of 13 cases (85%) of CUP (12).

Finally, using a simplified approach and a quantitative
RT-PCR platform, a 10-gene marker set was employed to
classify 205 CUP cases into one of six tumor types (80). In
the validation assay for that study, a gene-based algorithm
used an overall “leave-one-out” cross-validation ap-
proach. It achieved an accuracy of 78% for predicting
the site of origin in 260 cases of CUP (80). The assay also
produced an accuracy of 76% when tested on an
independent set of 48 metastatic samples, 37 of which
were from known primary tumors or CUPs for which
the site of origin had been subsequently determined by
other means (80).

n PROGNOSTIC AND PREDICTIVE
MOLECULAR ASSAYS IN CURRENT
COMMERCIAL USE

A number of microarray-based and RT-PCR assays,
designed to predict prognosis and response to specific
chemotherapies, are in various stages of clinical and
commercial development. Two molecular profiling tests
for lymph node–negative, ER-positive breast cancer are
now commercially marketed.

Oncotype Dx

Oncotype Dx (Genomic Health, Redwood City,
California, U.S.A.) is a multigene RT-PCR multiplex
assay. It uses a 21-gene probe set and mRNA that is
extracted from paraffin blocks of stored breast carcino-
ma samples (81). The assay features 16 cancer-related
genes and 5 reference genes that were selected based on a
series of transcriptional profiling experiments. The
cancer-related genes include markers of proliferation,
including Ki-67; markers of apoptosis, including survi-
vin; invasion-associated protease genes, including
MMP11 and cathepsin L2; ER and HER2/neu gene
family members; the glutathione-S transferase genotype
M1; CD68 (a lysosomal monocytes/macrophage marker);
and BAG1, a cochaperone glucocorticoid receptor that is
associated with bcl-2 and related to apoptosis. Using a
cohort of 688 lymph node-negative, ER-positive tumors,
obtained from patients who were enrolled in the
National Surgical Adjuvant Breast Program (NSABP) B-
14 clinical trial and treated with Tamoxifen alone, the
21-gene assay produced three prognosis scores (low,
intermediate, and high risk). Recurrence rates for these
patients at 10-year follow-up was 7% for the low-risk,
14% for intermediate-risk, and 31% for high-
risk groups. The difference between the low- and
high-risk patients was highly significant (p < 0.001).
With multivariate analysis, this assay predicted an
adverse outcome independent of tumor size; it also
predicted overall survival (81).

Although this assay is not currently approved by the
U.S. Food and Drug Administration (FDA), interest in it
has been intense, and it has significantly grown in use
since its original introduction. Further studies are needed
to validate the testing platform, and learn its best uses and
limitations. Given the evolving approach to hormonal
therapy with non-tamoxifen–related drugs and the use of
adjuvant cytotoxic agents for node-negative patients, there
is enthusiasm for the availability of RT-PCR-based and
non-RT-PCR approaches for predicting response to
antiestrogenic and other antineoplastic agents for the
treatment of breast cancer (82).
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Recently, the Trial Assigning IndividuaLized Options
for Treatment (TAILORx) clinical trial was opened under
the auspices of the U.S. National Cancer Institute. It is
intended to prospectively test whether the Oncotype Dx
recurrence score can guide chemotherapeutic decisions
and result in improved patient outcomes (83).

MammaPrint (70-Gene Prognosis Score)

Gene expression profiles can define cellular functions,
biochemical pathways, cell-proliferation activity, and
regulatory mechanisms. In a cDNA microarray analysis
using the Agilent Technologies system on primary breast
tumors from 117 node-negative patients, a supervised
system of classification was used to identify a poor-
prognosis gene expression signature. Aberrant expression
of genes that regulate the cell cycle, invasion, metastasis,
and angiogenesis strongly predicted a short interval to the
appearance of distantmetastases (84). In a follow-up study,
the “poor prognosis” gene profile outperformed currently
used clinical parameters in predicting disease outcome. The
estimated hazard ratio for distant metastases was 5.1 (95%
confidence interval, 2.9–9.0; p < 0.001) (85).

The commercialized version of the 70-gene predictor
known as MammaPrint (Agendia, Amsterdam, The
Netherlands) was recently approved by the FDA in a
510k format. The Microarray In Node-negative Disease
may Avoid ChemoTherapy (MINDACT) clinical trial is
designed to provide evidence regarding the clinical
relevance of the 70-gene prognostic signature and to
assess the performance of that signature compared with
that of traditional prognostic indicators in choosing
therapy for node-negative breast cancer (86).

n COMMERCIALIZED MOLECULAR ASSAYS
FOR DETERMINING THE LIKELY PRIMARY
SITE FOR CUP

Shortly after gene-expression profiling became available
for use with human cancer samples, investigators began
to apply the technology to the clinical dilemma of CUP.
Over the past five years, four assays that utilize micro-
array-based and RT-PCR technologies have been com-
mercialized and are in varying stages of clinical
development (Table 3).

CupPrint

This CupPrint (Agendia) assay uses FFPE tissue sections of
tumor tissue. It measures the expression of 495 genes and
is designed to detect 43 cancer types using the “k-nearest
neighbor” bioinformatic strategy (87). CupPrint has

achieved an 88% overall accuracy for determining a
primary site in CUP cases. The test is commercialized and
is performed at two sites, Amsterdam, the Netherlands,
and Phoenix, Arizona, U.S.A., in a centralized format. It is
not currently FDA approved.

MCID

MCID (AviaraDx, Carlsbad, California, U.S.A.), known
as the “molecular cancer identification” test, uses an
FFPE-ready RT-PCR assay to measure 92 genes; it is
capable of identifying 32 tumor classes. The proprietary
bioinformatic data-analysis system in MCID also uses
the k-nearest neighbor strategy. It can be applied to small-
needle biopsies, does not require tissue microdissection in
most settings, and was associated in one study with an
87% success rate in classifying the 32 tumor classes (79).
This assay is currently commercialized and is offered by
U.S. national laboratories such as Quest Diagnostics, Inc.
(Teterboro, New Jersey, U.S.A.) and the Laboratory
Corporation of America, Inc. (Burlington, North
Carolina, U.S.A.).

Pathwork Tissue of Origin Test

The Pathwork test (Pathwork Diagnostics, Sunnyvale,
California, U.S.A.) uses the Affymetrix GeneChip oligo-
nucleotide microarray technology to measure the expres-
sion of approximately 1550 genes in fresh or frozen
tissues. The Pathchip assay, which is available from the
same supplier, does not allow the use of FFPE tissues.
Fifteen tumor classes are evaluated using a proprietary
bioinformatic data analysis system. According to the
manufacturer, the test has good reproducibility between
laboratories. A sensitivity of 87% and specificity of 98%
have been reported across the 15 tumor classes evaluated.
In a recent report, the Pathwork Tissue of Origin Test
(TOT) achieved 89% success in identifying a primary
tumor site in 499 cases of CUP (88). This assay is
commercial and is currently under review by the FDA.

GeneSearch

After querying a series of microarray-based profiling
databases, the GeneSearch FFPE tissue-ready RT-PCR
assay (Veridex, LLC, Warren, New Jersey, U.S.A.) was
developed by Applied Biosystems, Inc, (Foster City,
California, U.S.A.). This approach reduced the number
of profiled genes to 10 and the number of tumor classes
evaluated to 6. The embedded bioinformatic system is the
Modern Applied Statistics with S (MASS) library function
(“lda” in R language) and it uses the leave-one-out cross-
validation strategy. This test produced an overall accuracy
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of 79% in its initial clinical application (89) and 80% in a
follow-up validation study (Table 4) (90). It is currently in
development and has not been generally marketed.

n SUMMARY OF COMMERCIALIZED
MOLECULAR TESTS FOR CUP

As seen in Table 3, two of the assays discussed in the
foregoing section use genomic microarrays to determine
the gene expression profile of CUP specimens.
The CupPrint appears to have an advantage over the
Pathwork TOT because it has been customized to perform
with FFPE specimens. On the other hand, the Pathwork
TOT is the only one of the four assays that is in a late
stage of the FDA approval process. These two microarray

profiling tests evaluate the expression of more genes than
the two RT-PCR assays do, but they do not automatically
attempt to classify a greater number of tumor classes. The
CupPrint assay includes the largest number of tumor
classes (at 43), whereas the GeneSearch test includes only
6. Both the RT-PCR assays utilize FFPE tissues. The
MCID RT-PCR test profiles more than >9 times the
number of genes as the GeneSearch does (92 vs. 10) and
attempts to place CUP specimens into 1 of 32 tumor
classes. In addition, the MCID test is fully commercial
and is available from national clinical laboratories. In
contrast, the GeneSearch test is not, as yet, on the market.
It remains to be seen whether the simpler GeneSearch
test, with CUPs placed into only six tumor classes,
will outperform more complex and higher-density mole-
cular assays.

n Table 3 Molecular assays using gene-expression profiling for determining the primary site of carcinoma of
unknown primary site

Test CupPrint MCID
Pathwork Tissue
of Origin Test GeneSearch

Commercial organization Agendia AviaraDx Pathwork

Diagnostics

Veridex, LLC

Location Amsterdam, The

Netherlands

Carlsbad,

California

Sunnyvale,

California

Warren, New Jersey

Platform cDNA

microarray

RT-PCR Oligonucleotide

microarray

RT-PCR

Platform source Arcturus

GE/Agilent

TaqMan Applied

Biosystems

Affymetrix TaqMan Applied Biosystems

Starting material FFPE FFPE Fresh/frozen FFPE

Number of genes profiled 495 92 > 1550 10

Number of tumor classes 43 32 15 6

Bioinformatic strategy k-nearest
neighbor

Proprietary

(k-nearest
neighbor)

Proprietary MASS (Venables and Ripley) library

function “lda” in the R language

Overall success rate (%) 88 87 84 78

On-the-market status Yes (centralized) Yes (centralized) Yes (decentralized) In development

Food and Drug

Administration approval

status

No No In review No

Abbreviations: MCID, molecular cancer identification test; cDNA, complementary DNA; FFPE, formalin-fixed paraffin-embedded; RT-PCR, reverse

transcription-polymerase chain reaction; MASS, modern applied statistics with S.
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n MIRNA PROFIL ING FOR
DETERMINATION OF CUP

miRNAs are small noncoding RNA sets of between 19 to
24 nucleotides, which are members of a class of small
regulatory RNAs. These also include the small interfering
RNAs known as siRNAs (90–92). miRNAs regulate the
expression of downstream gene targets including tran-
scription factors, oncogenes, and tumor-supressor genes.
Transcriptional profiling using genomic microarrays and
beads has enabled the discovery of numerous miRNAs
that are differentially expressed in normal tissues as
compared with tumors. These nucleic acid sequences are
associated with cancer development, as well as clinical
diagnosis and prognosis (90–93).

miRNA signatures can be used to detect and
classify malignancies as well as predict the severity of
disease. Certain profiles of miRNA expression are
linked to aggressive tumors that typically demonstrate
advanced disease at diagnosis (90–93). In the future, it
is possible that miRNA profiling may also prove to be
a more accurate method of determining the site of
origin for CUP, compared with current strategies for
profiling mRNA.

n SERUM PROTEOMIC PROFIL ING OF CANCER

The proteomic profiling of human malignancies uses
readily available serum samples and a variety of techni-
ques. These include capillary electrophoresis and mass
spectroscopy and show significant promise for potential
clinical use in determining the primary sites for CUPs
(94–96). To date, the development of cancer serum
proteomics has been limited by sample procurement and
bioinformatic issues, as well as a lack of standardized
techniques (94–96). Whether this approach will eventually
replace gene expression profiling of tumor tissues them-
selves, as a method of evaluating newly diagnosed CUP
cases, remains to be seen.

n IMMUNOHISTOCHEMISTRY AND
MOLECULAR PROFIL ING: COMPLEMENTARY
TECHNIQUES OR COMPETING PLATFORMS?

In this chapter, the molecular approaches for determining
the site of origin for CUPs have been reviewed. From this
information, it can be seen that the majority of CUP cases

n Table 4 Assay cross-validation by ‘‘leave-one-out’’ cross validation test on 260 formalin-fixed paraffin-embedded
metastatic and primary tissue samples

Prediction Breast Colon Lung Ovary Pancreas Prostate Other Total

Breast 22 0 2 1 1 0 0

Colon 1 27 3 2 4 0 4

Lung 1 2 45 2 3 0 5

Other 1 1 3 1 4 0 16

Ovary 5 0 0 43 0 0 1

Pancreas 0 0 3 0 31 0 6

Prostate 0 0 0 0 0 20 0

Total 30 30 56 49 43 20 32 260

Number correct 22 27 45 43 31 20 16 204

Accuracy (%) 73 90 80 88 72 100 50 79

Source: From Ref. 80.
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can be classified as to their probable primary sites using
clinical history, physical examination, conventional labo-
ratory testing, radiologic imaging, careful morphological
assessment, and immunohistochemistry. Nonetheless, a
group of approximately 15% of CUP cases remains,
conceivably including 3000 to 4000 patients in the United
States each year, that cannot be completely characterized
by such approaches. For these patients, molecular testing,
using available gene expression platforms, offers signifi-
cant promise as a further level of diagnostic assessment.
Given the complexity, limited in-house availability, and
high cost of these gene expression profiling procedures, it
is highly unlikely that they will be employed as “front
line” evaluations for CUPs. However, there is increasing
acceptance of the concept that improved clinical outcomes
may be obtained if the site of origin for a CUP can be
defined. For immunohistologically indeterminate cases, it
is likely that molecular approaches will be pursued on an
increasing basis toward this purpose.
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n INTRODUCTION

Head-and-neck surgeons are routinely asked to participate
in the evaluation of patients with potential neckmetastases.
The role of such physicians is to evaluate the upper
aerodigestive tract for primary disease and stage whatever
neoplasms may be found in the neck. This process includes
endoscopy and biopsy to provide a diagnosis for the
primary lesion and sampling of lymph nodal tissue to
confirm the presence and nature of metastatic disease when
no primary is identified. Tissue procurement from the neck
mass is customarily deferred until a thorough head-and-
neck examination is performed, because biopsy of any
suspected primary tumors can establish the diagnosis and
avoid unnecessary expense. Nevertheless, consultation
sometimes follows fine-needle aspiration (FNA) or open
biopsy by other physicians that has identified a cervical
metastasiswithout a knownprimary lesion. In this instance,
the otolaryngologist’s primary objective is to identify the
primary neoplasm, if possible, and to distinguish cases of
occult primary carcinoma from true examples of metastatic
carcinoma of unknown origin (MCUO).

n CLINICAL AND RADIOGRAPHIC
EVALUATIONS

Patients in the scenario just presented must undergo a
standard historical review, where symptoms that would
raise suspicion of a head-and-neck malignancy are noted.
These include dysphagia, odynophagia, otalgia, dyspnea,
dysphonia, weight loss, focal pain, or mucosal bleeding.
The pattern and extent of tobacco and alcohol use are
pertinent as well, as is any history of prior head and neck
tumors, including skin lesions. Information regarding
recent treatment and diagnostic investigations is desirable,
and any imaging studies should be reviewed first hand.

The head-and-neck examination is attuned to finding a
primary carcinoma. Symptom complexes will sometimes
indicate a likely anatomic site for the lesion; however, the
entire mucosal surface of the upper aerodigestive tract
should be assessed carefully by visual inspection (direct
and indirect) and palpation. Adequate mucosal anesthesia
is essential for a complete and comfortable evaluation. The
use of flexible and rigid endoscopes permits the thorough
inspection of the mucosa in a relatively painless fashion.
The new fiberoptic endoscopes permit transnasal esoph-
agoscopy as well. Digital palpation of the oral cavity and
oropharynx should be done last, because this maneuver is
uncomfortable even with good topical anesthesia.

Assessment of the neck provides for documentation of
the location of enlarged lymph nodes, and for noting their
size, location(s), and degree of mobility. Occipital nodes
drain the posterior scalp behind an imaginary line
connecting the tragal cartilages on each side.
Postauricular nodes serve the posterior scalp, mastoid,
and posterior ear. Parotid nodes are considered in
extraglandular and intraglandular groups. The former
drains the anterior scalp. The intraglandular lymph nodes
are situated in the substance of the parotid; they serve as
the basin for the anterior scalp and the parotid gland itself.
Retropharyngeal nodes serve the posterior nasal cavity,
sphenoid and ethmoid paranasal sinuses, hard and soft
palate, nasopharynx, and posterior pharynx.



The cervical lymph nodes are arbitrarily but conven-
tionally designated in anatomic “levels.” Level Ia nodes
are central and submental; they drain the anterior jaw,
middle lower lip, anterior gingiva, and anterior tongue.
The boundaries of the zone that define level Ia are the
anterior bellies of the digastric muscle and the hyoid. Level
Ib nodes are situated in the submandibular region, serving
the lower and upper lip on the same side as well as the
cheek, nose, medial canthus, and oral cavity in front of the
anterior tonsillar pillar. Their compartment is defined by
the mandibular body and the anterior and posterior bellies
of the digastric muscle.

Levels IIa and IIb nodes are in the upper jugular
region, along the superior one-third of the sternocleido-
mastoid (SCM) muscle. Their boundaries are the stylo-
hyoid muscle, the posterior part of the SCM, and the
inferior hyoid bone. Level IIa is separated from level IIb by
the spinal accessory nerve (eleventh cranial nerve). Nodes
located posterior to this nerve are designated as level IIb,
whereas level IIa nodes are anterior. Level II is associated
with lesions of the mouth, nose, naso-oropharynx,
hypopharynx, larynx, and parotid.

Level III cervical nodes are in the middle jugular
group, along the middle one-third of the SCM. They are
bounded by a horizontal line through the inferior hyoid, a
horizontal line through the inferior cricoid, the sterno-
hyoid, and the posterior border of the SCM. Tumors in the
mouth, oro-nasopharynx, base of tongue, and larynx tend
to involve level III nodes.

Level IV nodes are the lower jugular groups, found
along the inferior one-third of the SCM. Their anatomic
compartment is defined by a horizontal line through the
inferior cricoid, the clavicle, the sternohyoid, and the
posterior border of the SCM. Nodes in level IV preferen-
tially receive metastases from neoplasms in the hypophar-
ynx, upper esophagus, thyroid gland, and larynx.

Levels Va and Vb nodes reside in the region bounded
by the intersection of the SCM and the trapezius muscle,
the clavicle, the posterior SCM, and the anterior trapezius.
A horizontal line through the inferior cricoid divides Va
(superior) from Vb nodes. Level Vb includes supra-
clavicular nodes. Lymph nodes in levels Va and Vb receive
metastases from tumors in the naso-oropharynx, the skin
of the posterior scalp and neck, and the upper aerodiges-
tive tract.

Level VI nodes comprise pretracheal, paratracheal,
perithyroidal, and precricoid (Delphian) nodes. This
group is bounded by the hyoid, the suprasternal notch,
and the common carotid arteries on each side. Neoplasms
in the thyroid, larynx, pyriform sinus, and upper
esophagus drain there.

When one knows the lymphatic drainage patterns of
the head and neck, a more informed search for a primary
lesion can be undertaken. If a neck mass is one-sided, the

primary neoplasm will likely be found in an ipsilateral
mucocutaneous site. Bilateral neck metastases suggest an
origin from the midline (e.g., tongue base, nasopharynx,
or epiglottis), or from a lateral lesion that extends past the
anatomic midline. Precision in specifying the site of nodal
involvement is also important. When isolated right
supraclavicular lymphadenopathy is present, for example,
the lung is an important potential site of tumor origin (1);
if left supraclavicular (Virchow’s) lymph nodes are
involved, the stomach, retroperitoneum, and pelvic organs
likewise must be considered as sources (2, 3).

Thyroid, salivary glandular, and soft-tissue abnormal-
ities are also noted in the physical examination; careful
inspection of the skin of the face, scalp, and neck
completes the assessment. After completion of these
procedures, biopsy may be recommended if a lesion has
been localized. If radiographic imaging studies have not
been obtained, they must be done to provide complete
staging information. This step should be taken before
manipulation or biopsy of the lesional area, to eliminate
confusion regarding postoperative changes versus tumor
growth. If no primary lesion is identified in the mucosal
surfaces, FNA of the cervical mass(es) is typically
performed to establish a histological diagnosis (Fig. 1).

Once a histological interpretation of metastatic
carcinoma is available, the surgeon can then consult with
radiologists and pathologists. This step facilitates further
planning of additional investigations that may be neces-
sary (4, 5). Close communication with other physicians
not only enhances efficiency but also avoids unnecessary
duplication of investigations and facilitates expedited
scheduling. Patients for whom clinical examinations

F IGURE 1 Fine-needle aspirate of an enlarged cervical lymph node,
showing metastatic squamous cell carcinoma.
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(including fiberoptic endoscopy) and adequate imaging
studies fail to detect a primary lesion will require
additional evaluations.

Current literature indicates that 5% to 10% of
cervical metastases derive from unknown primary sources
(4, 6–9). The location (4, 8–10) and morphologic details
(4, 6, 11–19) of the metastatic tumor may provide useful
clues regarding the possible location of an occult primary
lesion. Level I to III nodal metastases most likely originate
from tumors in the head and neck, predominantly
squamous cell carcinomas (SCCs) of the upper aerodiges-
tive tract 20–25). O’Brien et al. (26–30) have emphasized
the importance of parotid and periparotid lymph-nodal
metastasis from cutaneous malignancies. These potential
primary tumors also must not be overlooked. Level IV and
supraclavicular nodal metastases are almost related to
primary disease below the level of the clavicles. Hence, the
role of the otolaryngologist is limited in most of these
cases, with the exception being examples of metastatic
thyroid carcinoma (31–34).

Imaging examinations (including plain film radio-
graphs and CT of the chest and abdomen in some cases)
(35–36a) attempt to define and localize the presence of
clinically occult tumors and to increase the yield of
“speculative” biopsies. The staging and localization
standard has been contrast-enhanced, thin-section, spiral
CT (Fig. 2) (36–38). More recently, positron emission
tomography (PET) (Fig. 3) and combined PET/CT studies

have been used increasingly, with encouraging results
(6, 39, 40–45). Other authors have been less enthusiastic
regarding the benefit of PET and PET/CT in this context,
as compared with high-quality enhanced CT (40–45, 46).

n ENDOSCOPY AND ‘‘SPECULATIVE’’ BIOPSY

Although Dowell (4) and Hillen (10) have questioned the
efficacy and cost efficiency of a concerted search for occult
primary adenocarcinoma and undifferentiated carcinoma
in the head and neck, the identification of occult
primary SCC definitely influences treatment and long-
term outcome (47, 48). Examination under anesthesia
with esophagoscopy, direct laryngoscopy, and “specula-
tive” biopsies of the nasopharynx, tongue base, and tonsil
oropharynx are essential to detection of this tumor type
(4, 6, 8, 9, 49–54). Patients who have undergone prior
endoscopy without a diagnosis deserve consideration of a
repeated examination under anesthesia (38, 39, 47, 55).

In each instance, careful inspection of the entire
mucosal surface is done before any biopsy to avoid
obstruction or distortion owing to postbiopsy bleeding.
Any firm or friable areas are noted for later biopsy by
palpation of the floor of the mouth, tongue, and tongue
base. Suspicious areas should then be sampled generously,
beginning with those that are most distally located. This
provision avoids potential distortion owing to bleeding

F IGURE 2 High-resolution CT of the head and neck in a patient who
presented with right cervical lymphadenopathy. This study demonstrates a
large destructive mass in the right nasal cavity and paranasal sinuses. The
lesion proved to be a squamous cell carcinoma.

F IGURE 3 Positron emission tomography showing signals in a left
cervical lymph node, a left axillary node, and the hard palate. Biopsy of
the palatal lesion revealed squamous cell carcinoma, and the nodes were
also involved by metastasis.
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from the biopsy site(s). Large tissue samples are essential
when performing “speculative” biopsies, especially from
the tongue base and tonsil (53, 54). Specimens should be
taken from both sides of the base of the tongue and
another deeper biopsy is recommended from the base of
each sampling site. If the patient has had a prior
tonsillectomy, remnant tonsillar tissue should be biopsied
in a similar fashion.

Many head-and-neck surgeons currently perform a
bilateral tonsillectomy rather than doing simple punch
biopsies of the tonsil (56–61). McQuone et al. (62)
demonstrated that tonsillectomy identified an occult
tonsillar tumor in several patients who had previously
had negative results of “speculative” biopsies. That study
also included one patient in whom an occult contralateral
tonsillar SCC was found. Not all otolaryngological
oncologists advocate bilateral tonsillectomy, but it is
gaining increasing support in the evaluation of MCUO
cases. An additional benefit of this procedure is the
resulting symmetry of the oropharynx, with reduced
subsequent confusion regarding the possible development
of a new contralateral lesion (56, 62).

Mendenhall et al. (25) noted a relative increase in the
identification of occult primary lesions in the tonsil and
tongue base, and a decrease in those in the nasopharynx,
hypopharynx, and supraglottis. These authors attribute
such findings to improved clinical diagnosis of small
primaries in the latter three locations with fiberoptic
endoscopic examination. Such observations underscore
the importance of careful and thorough preoperative
assessment; they also support the importance of generous
biopsy sampling.

n TREATMENT AND PROGNOSIS

Depending on findings at endoscopy, primary lesions
outside the nasopharynx are addressed surgically at the
same time that a cervical lymphadenectomy is done.
Alternatively, a neck dissection can be done separately
(20, 22, 24, 63).

Patients with MCUO of the SCC type in the head and
neck have a prognosis that is similar to others with
metastatic nodal SCCs from known primary sites (64–66).
With current modes of treatment, regional tumor control
has improved but there has been no significant advance in
overall disease-free survival. The respective three- and
five-year disease-free survivals are 40% to 60% and 10%
to 25% (23, 52, 66–70). Prognostic factors are focused on
stage at presentation, the presence of extranodal spread by
metastatic tumor, and the level of neoplastic differ-
entiation (tumor grade) (71–73).

n CONCLUSIONS

A comprehensive examination of the head and neck is
indicated in the evaluation of all patients with cervical
lymph nodal metastasis. The routine use of fiberoptic
endoscopy in the clinic or office permits relatively painless
inspection of the upper aerodigestive tract. When an
occult primary SCC is suspected, evaluation under
anesthesia, with endoscopy and “speculative” biopsies, is
recommended. Any suspicious focus that is seen visually
deserves tissue sampling. Occult primary neoplasms are
most frequently found in the tonsils and tongue base.
Thus, tonsillectomy, unilateral or bilateral, should be
considered systematically in this setting, because it
provides a generous sample of tissue and increases the
diagnostic yield.
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n INTRODUCTION

Metastatic carcinoma of unknown primary site (CUP) is a
common clinical entity. By some estimates, CUP constitutes
about 3% to 5% of all malignancies (1, 2), although its true
incidence is variable, depending upon the definition and the
extent of clinical investigation that is applied. In general,
CUP represents metastatic disease for which a primary site
is undetectable at presentation. The initial evaluation of
patients with presumed CUP need not be exhaustive.
Instead, it is generally accepted that early evaluation should
be geared toward the most likely primary sites, given the
specifics of the clinical findings. One should generally
obtain a thorough history and physical examination,
complete blood count, urinalysis, blood chemistries, chest
radiograph, and computed tomographic (CT) studies of the
abdomen and pelvis in search of a primary lesion (3).

Although CUP implies the presence of advanced
disease, almost by definition, a proportion of these
patients will respond to therapy that may not necessarily

be curative but may improve the quality of life and
prolong survival (4, 5). Therefore, a principal goal in CUP
cases is to identify those tumors that are likely to respond
to treatment, while minimizing the use of costly or
invasive tests, especially in reference to carcinomas that
are known to resist therapy (6).

Approximately 80% of patients with metastases
from an undiagnosed primary tumor will have an
adenocarcinoma on pathological examination (7). In
the majority of instances, this tumor type is known to
originate in the pancreas, gastrointestinal (GI) tract, or
lung. Unfortunately, some reports estimate that carcino-
mas of the esophagus, stomach, and colon account for
nearly half of all cancer deaths in the United States and
Europe (8). Clearly, then, examination of the alimentary
system, including the liver, pancreas, intestines, and
biliary tree, is important in CUP cases. This chapter
describes traditional and novel approaches to the
identification of GI malignancy in CUP cases, from an
interventional endoscopist’s perspective.

n COLORECTAL NEOPLASMS

The majority of colorectal carcinomas are endoluminal
tumors that arise from the mucosa. Colonoscopy is the
single best diagnostic test for them, because it can visualize
lesions throughout the entirety of the large bowel, allow
for biopsy of mass lesions and detection of synchronous
neoplasms, and enable the removal of polyps (9, 10). The
air-contrast barium enema, as supplemented with flexible
sigmoidoscopy, is also used, but the diagnostic yield of
this procedural combination is less than that of colono-
scopy for the evaluation of the lower GI tract. It is
essential that the entire colon be examined for the
presence of concurrent lesions. If the presence of luminal
obstruction precludes a complete colonoscopy, a double-
contrast barium enema or the use of newer modalities,
such as CT-mediated virtual colonoscopy (CTVC) or MRI
technology, may be applicable. CTVC has already been



shown to outperform double-contrast barium enemas
(which have traditionally been used if colonoscopy is
impeded) at some institutions (11).

CTVC, represented by computer-enhanced spiral CT
scanning after bowel preparation and air insufflation,
allows for complete visualization of the colonic mucosa.
The sensitivity of virtual colonoscopy, as compared to
optical colonoscopy, ranges from 55% to 90% for
detecting polyps larger than 10 mm, and 39% to 55%
for smaller polypoid lesions (12–15). An enhanced method
of CTVC uses three-dimensional image display and
barium tagging of stool and retained fluids. This approach
reduces the misidentification of the latter materials as
lesional tissue, thus reducing false-positive results. One
study compared the use of this technique for screening,
and found it to perform comparably to optical colono-
scopy (16). Nonetheless, there are no published reports
that compare standard colonoscopy with CTVC for the
diagnosis of CUPs in the lower GI tract. Currently,
established indications for CTVC include evaluation of the
colon after incomplete or unsuccessful colonoscopy, and
visualization of the large bowel proximal to an obstruct-
ing neoplasm. Perhaps this procedure will be utilized
along with colonoscopy in CUP cases in the future. CTVC
can be performed on the same day that a conventional
colonoscopy has been done, precluding the need for
additional bowel preparation.

n TUMORS OF THE UPPER GI TRACT

If there is concern over the possibility of a neoplasm in the
upper GI tract, a tissue diagnosis is best obtained via
upper GI endoscopy. Even though it is more invasive and
more costly, upper-tract endoscopy is more sensitive and
more specific for the identification of gastroesophageal
malignancies (Fig. 1) and duodenal lesions, as compared
with alternative diagnostic strategies (17). The early use of
upper GI endoscopy in patients with GI complaints has
also been associated with increased detection of low-stage
gastric carcinomas (18). The ability to do biopsies during
endoscopy obviously adds to its clinical utility. Because up
to 5% of malignant mucosal ulcers look benign grossly, it
is imperative that all such lesions be evaluated by biopsy
and histological assessment (19).

n NEOPLASMS OF THE SMALL BOWEL

Primary small-intestinal tumors are rare. The most
common among them are adenocarcinoma and carcinoid
tumor (20). The small bowel may also be involved by

metastatic carcinomas originating in the breast, lung,
stomach, colon, or kidney, by direct extension or
hematogenous spread. Treatment of these lesions is
generally palliative; limited resection or “intestinal by-
pass” will frequently relieve the symptoms they cause.

There is no single “best” method for imaging the
small intestine in patients with suspected tumors in this
location. The choices include radiographic procedures
[CT scans, barium-swallow series, enteroclysis (Fig. 2)]

F IGURE 1 Endoscopic image of an esophageal mass.

F IGURE 2 Enteroclysis involves the administration of barium and
methyl-cellulose via an enterostomy tube placed in the small bowel. A
double-contrast image is obtained of the mucosa.
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and endoscopic methods [wireless capsule endoscopy (CE)
(Fig. 3), “push” enteroscopy, double-balloon endoscopy
(DBE)]. Unfortunately, differing examination techniques
(frequency of fluoroscopy and compression radiography)
limit small-bowel “follow-through” by barium-contrast
study (21, 22), and patient discomfort and a relatively
high radiation dose relate similarly to enteroclysis
(23, 24). CE was designed primarily to provide diagnostic
imaging of the small intestine, an anatomic site that has
proved particularly difficult to visualize. Limited views of
the esophagus, stomach, and cecum may also be acquired

via CE. The images that are acquired have excellent
resolution and a magnification that is higher than that
obtained by conventional endoscopy. Currently, CE is felt
to be best indicated to investigate obscure GI bleeding. Its
role is expanding, however, and may extend to the
diagnosis of chronic diarrhea, malabsorption, and region-
al enteritis (25). Some studies that have compared CE with
barium imaging and CT enteroclysis have shown a
superior diagnostic yield of CE (26, 27). A possible place
in the evaluation of CUP cases is yet to be defined for this
modality.

Dedicated endoscopes that can pass through the entire
small bowel are also available (28, 29). The main
advantage of this direct or “push” enteroscopy, as
compared with wireless CE, is an improved ability to
obtain tissue samples and to perform therapeutic inter-
ventions. Nevertheless, the former procedure can be
technically challenging. Most data comparing CE with
push enteroscopy (PE) have been attuned to evaluations of
GI bleeding. Early reports have suggested that CE
delineates a definitive source for bleeding more frequently
than does enteroscopy, with a higher diagnostic yield
(30, 31). Some investigators have suggested that indirect
studies do not permit detailed examination of the mucosa
and have low sensitivity for flat, small, infiltrative, or
inflammatory lesions (32). Although PE is effective for
well-defined uses, it is best applied to lesions of the
proximal small bowel (33).

Images recorded by CE can also be used in DBE. This
new technique allows for examination of the entire small
intestine, but it is time consuming and requires specialized
training (34). One can envision that DBE could be
complementary to CE by allowing for tissue sampling of
lesions that are identified during wireless CE. Again, the
relative roles of these methods in CUP cases must still
be defined.

n ENDOSCOPIC ULTRASONOGRAPHY

Endoscopic ultrasonography (EUS) combines a standard
video endoscope with an ultrasound transducer to provide
detailed images of the alimentary tract and surrounding
structures (Fig. 4). It is a safe and accurate method for the
diagnosis and staging of GI neoplasms (35). In addition,
the development of “large-channel” endoscopes and new
biopsy needles has enabled EUS-guided fine-needle aspi-
ration (FNA) of the pancreas, liver, and mediastinum. The
ability of EUS to guide a biopsy needle into lesions that are
too small to be identified by CT or MRI, or too well
sheathed by vascular structures to allow safe percutaneous
sampling, has led to its use in several clinical settings. EUS-
mediated FNA is most commonly employed to biopsy

F IGURE 3 This wireless capsule endoscopy device (WCED) contains
several light-emitting diodes and a central camera lens (A). The
relationship of the device to the bowel lumen is shown in this resection
specimen of small bowel, where the WCED was stopped by an area of
stenosis (B).

C H A P T E R 9 � Endoscopic Evaluation of the Gastrointestinal Tract 199



peri-intestinal structures such as lymph nodes and masses
in the pancreas, liver, adrenal glands, and bile ducts. It has
also been used to aspirate peritoneal and pleural fluid.
Applications for EUS in the assessment of CUP cases are
definitely growing, because of its diagnostic power.

For example, EUS is considered to be superior to helical
CT for detection of small pancreatic lesions (Fig. 5) (36, 37).
Thus, in individuals with metastatic adenocarcinoma of
unknown origin, especially in the setting of a high serum
level of CA-19.9, EUS may be helpful in documenting the
presence of a primary pancreatic cancer. At present, EUS is
not routinely performed in all patients with CUP.However,
Erickson and Garza reported that a greater number of
pancreatic carcinomas were detected at a large referral
center after the introduction of EUS. They suggested that
this result might be attributable to the effects of the latter
procedure (38).

Even in patients in whom a pancreatic mass is also
identified by conventional cross-sectional imaging studies,
EUS-FNA sampling can be helpful in distinguishing
primary pancreatic tumors from metastatic extrapancre-
atic malignancies. Cytochemistry, immunohistochemistry,
and the use of molecular tumor markers are potentially
beneficial in this setting. In a study by Frischer-Ravens
et al. 114 patients with pancreatic lesions underwent EUS-
FNA sampling (39). In the 112 biopsies that were
diagnostic, 56 showed primary pancreatic carcinoma, 12
demonstrated metastatic disease, and 44 had delineated
benign lesions. In the patients who were found to have
metastatic lesions, detection of the pancreatic metastases
preceded diagnosis of the primary tumor in five of six
patients with no prior history of malignancy.

EUS has also become a valuable tool in the local-
ization of pancreatic endocrine tumors (PETs) of all types.
Rosch et al. identified 32 of 39 such lesions (with a
sensitivity of 82% and specificity of 95%) using EUS, even
though they had not been detected with transabdominal
ultrasound or CT (40). As another example, insulinomas
(insulin-producing PETs) comprise the largest group of
islet-cell tumors. They are usually biologically benign and
solitary: 90% are intrapancreatic and 40% measure less
than 1 cm. Detection rates of insulinomas with EUS are
reported at approximately 80% and are highest with
lesions in the pancreatic head (83–100%) (40–47). Thus,
EUS is felt to be the preferred investigative modality in
cases of suspected insulin-producing PET.

EUS is also helpful in cases of gastrinoma, both those
that are sporadic and others that are associated with
multiple endocrine neoplasia (MEN) type 1.Ninety percent
of EUS-detected tumors of this type occur in the “gastrino-
ma triangle” (duodenum, head of pancreas, andperipancre-
atic soft tissue). In all, up to 50% originate outside the
pancreas. EUS has the highest sensitivity (93%) for
detection of intrapancreatic gastrinomas. Extrapancreatic
tumors of this type are smaller and more difficult to image.
Therefore, the sensitivity of EUS in finding them is much
lower (approximately 50%) (42, 43, 48–50).

EUS may also have a role in screening asymptomatic
patients with MEN1, a rare autosomal-dominant disorder
that is caused by mutation and inactivation of the tumor-
suppressor gene MEN1. About 40% to 60% of MEN1
patients develop pancreaticoduodenal tumors, and it is the
most common cause of death in such individuals. The
difficulty is that these islet cell tumors are often small and

F IGURE 4 Endoscopy-mediated ultrasonogra-
phy (EUS) utilizes a conventional endoscope to
which a sonic transducer is attached.
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multiple. For example, in a retrospective study of 15
asymptomatic patients with MEN1, EUS demonstrated
islet-cell tumors in 14 of them; 12 patients had multiple
lesions (51). In that analysis, the number of tumors that
were removed surgically exceeded the number predicted
by EUS. Other data suggest that EUS, in combination with
radionuclide-labeled somatostatin receptor scanning, may
represent the best preoperative imaging strategy. One
assessment showed that at least one of the latter two
techniques identified all PETs (50).

As previously stated, the lungs are a common source for
CUPs. Although pulmonary tumors are obviously not
directly related to GI lesions, they are important contex-
tually to illustrate the value of EUS in CUP cases. Roughly
85%of lung cancers are of the non–small cell type (NSCLC).
In patients who lack extrathoracic metastases, the most
common site of secondary involvement by NSCLC is the

mediastinum, and this compartment is easily accessible to
EUS. Cytological samples of neoplasms that are obtained
with EUS-FNA can be studied by special cytopathological
techniques to help localize the site of tumor origin. EUS has
been shown to have a 90% sensitivity in detecting lymph-
node metastases in the superior mediastinum, AP window,
subcarinal region, and periesophageal soft tissue. In
combination with EUS, the specificity of FNA in this setting
approximates 100% (52, 53). These procedures have
definitely improved the diagnosis, staging, and treatment
of lung carcinomas that are associated with mediastinal
lymphadenopathy (54). Twenty-five percent of NSCLC
patients lacking lymph node enlargement by CT are shown
subsequently to have nodal metastasis by EUS-FNA (55).

EUS is also helpful in cases of mediastinal or intra-
abdominal lymphadenopathy of unknown cause. In one
analysis by Yasuda et al. 104 patients with enlarged
mediastinal or intra-abdominal lymph nodes underwent
EUS-FNA. The overall accuracy was 98%, yielding a
diagnosis of lymphoma in 48 patients, metastatic solid
tumors in 16, and benign conditions in 40 (56).

Like other imaging modalities discussed in this
chapter, EUS is highly operator-dependent and has limited
availability. Thus, it is generally limited to academic
centers with a high case volume. Hence, the data cited in
the aforementioned discussion should be viewed contex-
tually as the products of experienced endoscopists
practicing at large referral centers. New approaches to
the evaluation of GI malignancy in CUP cases continue to
improve and advancements in EUS-mediated imaging
have occurred using such contrast-enhancing agents as
“microbubbles.” These developments may improve the
identification of CUPs (57, 58) by delineating lesions that
are not readily seen with conventional endosonography.

n CONCLUSIONS

CUP continues to be a difficult challenge for gastroenterol-
ogists. However, practitioners now have increased access to
novel imaging systems such as CT colonography, MRI, and
others. Moreover, there is ongoing development of endo-
scopic tools such as video CE, DBE, and EUS-enhanced
imaging using microbubbles. Therefore, we expect that the
detection of primary tumors in the setting of CUPs will
dramatically improve in the future.
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n DIAGNOSTIC CONSIDERATIONS
IN CARCINOMA OF UNKNOWN
PRIMARY SITE CASES

Detection Rates

When considering diagnostic imaging strategies for the
localization of an occult tumor in a patient with
carcinoma of unknown primary site (CUP), it is important
to remember that even after extensive imaging studies, the
primary neoplasm frequently escapes detection. Indeed,
even at autopsy, it remains undetermined in roughly one-
third of subjects. When the patient is still alive, a primary
tumor is found in only 11% to 27% of cases (1–4),
compared with 30% to 67% at postmortem examination
(5–8). There is, however, considerable variation regarding
these figures among different studies on the topic. A recent
review (9) reported primary tumor-detection rates of 0%
to 48% during life and 0% to 85% at autopsy.

The results of previous reports on radiological
imaging of CUPs must also be interpreted with regard to
the techniques available at the time the studies were
performed, and their corresponding technical standards.

CT of the abdomen/thorax and pelvis is now routinely
included in the radiological evaluation of patients with
CUP, which was not the case before 1980. Accordingly, in
earlier studies that lack CT data, a primary tumor was
detected in only 11% to 26% of patients. More recently,
with the inclusion of thoraco-abdominopelvic CT,
a primary lesion has been detected in up to 33% of cases
during life (10, 11). Current multidetector row–CT
(MDCT) scanners now offer vastly superior spatial and
temporal resolution, compared with the previous incre-
mental CT technique. In addition to improving the
delineation of anatomical details, MDCT scanners allow
for the better use of intravenously administered contrast
media. During the same examination, image acquisition
may be performed in the arterial contrast enhancement
phase for CT angiography; in the late arterial phase (or
portal venous inflow phase) for depiction of well-
vascularized visceral tumors; and in the venous phase for
diagnosis of poorly vascularized organ-based lesions.

Moreover, acquisition of thin (mm to sub-mm) image
sections allows for reformatting of transaxial images in
coronal, sagittal, and oblique planes of visualization.
Three-dimensional images may also be produced using the
volume-rendering technique and maximum-intensity pro-
jections (MIP) to facilitate image interpretation and
reproduction (e.g., at clinical hospital conferences).
Almost by definition, current patients with CUP are
subjected to several conventional radiological examina-
tions, including MDCT. Criteria for CUP include a biopsy-
proven carcinoma that is anatomically foreign to the site of
tissue sampling, and the clinical absence of a definitive
primary lesion despite a thorough physical examination,
laboratory assessment, chest radiography, CT of the abdo-
men and pelvis, and mammography in women (12).

Histopathological Examination

A thorough histopathological assessment is fundamental
to the evaluation of CUP cases; it should be done
before considering a battery of imaging or endoscopic
procedures. To ensure that the pathologist will have



sufficient material to analyze, radiologists should gener-
ally eschew fine-needle aspiration in favor of a tru-cut
biopsy. This permits immunohistochemistry (13–15),
electron microscopy, cytogenetic analysis, and gene-chip
microarray evaluation. In one recent study that used gene-
expression profiling, a primary site could be confidently
predicted for 11 of 13 CUPs (16). Close collaboration
between radiologists, pathologists, and clinicians concern-
ing the medical history, physical findings, and results of
laboratory data optimizes the identification of a probable
primary site in CUP cases.

Prognosis

The median survival of CUP patients has recently been
reported to be in the range of six to nine months (5, 9).
Nonetheless, other studies have documented a more
favorable prognosis, with a median survival of 11 months
(17, 18) or, conversely, a more adverse outcome with a
median survival of two to three months (19–22). In view of
the generally poor outlook for CUP patients, some of them,
especially those with other significant comorbid conditions,
will not benefit from extensive imaging studies. The latter
evaluations may instead be more advantageous and justifi-
able for patients who are able to tolerate aggressive therapy.

A portion of CUP patients may be cured. Potential
treatment-responsive patients include women with adeno-
carcinoma involving axillary lymph nodes only, women
with isolated peritoneal carcinomatosis, men with blastic
bone metastases and elevated serum levels of prostate-
specific antigen, patients with squamous cell carcinoma in
cervical lymph nodes only, patients with midline extra-
gonadal germ cell tumors, and individuals with poorly
differentiated adenocarcinomas or neuroendocrine carci-
nomas (NECs) (12, 18, 23).

The majority of CUP patients fall outside the subsets
just listed. Nevertheless, other relatively favorable clinical
findings include an age of more than 50 years (18–20), and
topographic restriction ofmetastatic lesions to lymphnodes
only (20, 23) or two or fewer metastatic sites (18). In
contrast, unfavorable factors include liver metastases (18,
21, 22), adrenal involvement (18), poor overall clinical
performance status (21, 22), other significant comorbid
conditions (21), low serumalbumin, lymphopenia (21), and
high serum-alkaline phosphatase concentrations (17).

n IMAGING STUDIES

Magnetic Resonance Imaging (MRI) of the Breasts

Metastatic patterns of spread are unpredictable in patients
with CUP, and they often differ markedly from those seen
in association with known primary tumor types (1, 3, 24).

In other words, carcinoma of the lung presenting as a CUP
may demonstrate quite a different metastatic profile than
a clinically obvious pulmonary cancer of the same
histotype. However, in women with isolated axillary
lymph node metastases of adenocarcinoma, an ipsilateral
breast cancer is the most likely underlying lesion, even if
the nodal tumor is a true CUP (ie, mammography fails to
show the primary neoplasm). Further radiographic stud-
ies, such as MRI and ultrasonography (US), would have
advantages for these patients and so any abnormalities
that are seen should be biopsied (25–27). In pertinent
publications on such cases, MRI has detected a primary
breast carcinoma in 70% to 86% of cases (25, 26). Tumor
localization was achieved in 40% of women who lacked a
previous history of cancer and in 27% who had a prior or
concurrent but contralateral breast carcinoma. Overall,
MRI was effective in detecting an underlying tumor in
36% of cases (27). All of these lesions could also be
localized by US and fine-needle aspiration. Interestingly,
in 15 MRI-negative cases, no breast tumors were
subsequently found during 12 to 53 months of follow-up
surveillance (27).

Somatostatin-Receptor Scintigraphy

In the subset of patients with CUPs who have neuro-
endocrine differentiation, functional imaging by somatos-
tatin-receptor scintigraphy (SRS) may be performed,
employing 111In-labeled octreotide (OctreoScan) (28).
Positron emission tomography (PET) may also be per-
formed with 68Ga-labelled octreotide. In a recent study, it
was shown to be superior to SRS for the detection of
occult NECs (29). NECs with high proliferative activity
and poor differentiation have also shown an increased
uptake of [18F]-fluorodeoxy-glucose (FDG) (30, 31); one
study demonstrated that FDG-PET imaging was effective
in localizing 83% of high-grade NECs (31). Figure 1
shows the results of SRS in a patient who presented with
liver metastases of an NEC.

Positron Emission Tomography

For oncological imaging, PET with FDG has evolved as a
powerful functional modality. Generally, malignant tu-
mors show an increased accumulation of FDG compared
with most normal tissues, and FDG-PET therefore may be
used advantageously to distinguish between these two
substrates. It is an effective means of delineating the
presence and size of malignant tumors. In addition, FDG-
PET has utility in staging, therapeutic monitoring, and the
detection of tumor recurrence. The clinical impact of
FDG-PET and FDG-PET/CT has been reported in regard
to different malignant neoplasms in a series of original
publications and subject reviews (32–38). In one
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meta-analysis of the FDG-PET literature from 1993 to
2000, comprising 419 articles, the overall sensitivity and
specificity of this method were estimated at 84% and
86%, respectively. Results of FDG-PET studies were said
to have changed clinical management in approximately
one-third of cases (32). Tumor types for which FDG-PET
and PET/CT are regularly employed include non–small
cell lung carcinomas (39–42); gastrointestinal carcinomas
(43–45); lymphomas (46–48); carcinomas of the head and
neck (49, 50); and melanomas (51, 52).

PET Technique

The PET tracer is generally administered as an intravenous
bolus injection. In order to detect its accumulation in
tumors and various normal tissues, the tracer must include
a positron-emitting radionuclide. Such molecules are
generally produced in a low-energy cyclotron and their
half-lives are generally short (18F t1/2¼ 110min, 11C
t1/2¼ 20min, 15O t1/2¼ 2min). The clinical use of 11C-
and 15O-labelled PET tracers requires the availability of an
in-house cyclotron and a radiochemistry laboratory. On
the other hand, the relatively long half-life of 18F-labelled
PET tracers permits their transportation over approx-
imately two hours. Hence, PET centers may acquire FDG
from nearby cyclotron facilities. FDG is usually

administered about one hour before the imaging procedure
to allow the tracer to accumulate in tumor implants and
diffuse from normal tissues. Nevertheless, some tumors are
better visualized after three hours (53), and, for PET
examination of patients with CUPs, where occult tumors
are expected to be small, a longer accumulation time is
desirable. By contrast, because of the 20-minute half-life of
11C, tracers based on this substance are administered
about 20 minutes before PET examination.

A PET scanner includes a bed for the patient and a
gantry that holds tens of thousands of detectors, arranged
in rings. Axially, the detectors cover approximately 15 cm
of the gantry. In order to perform a whole-body
examination, the patient is moved in a stepwise fashion
through the gantry. The bed typically stays in each “bed
position” for a three-to-five-minute acquisition of image
data. During a PET examination, the detection of tracer is
made possible because positrons are emitted from nuclear
protons. Within a few millimeters from the nucleus,
positron collides with an electron. Upon this, both
particles are annihilated and converted into high-energy
(511 keV) photons that travel in opposite directions to
simultaneously reach the detector ring. Lines of decay are
registered by a computer in the PET camera. By using
these data, transaxial images that represent regional
radioactivity concentrations may be reconstructed to
create emission scans.

A fraction of the photons do not reach the detector
rings because of attenuation. In order to adjust for this,
a compensatory measurement (transmission examination)
is performed in each bed position, most often by rotating a
gamma-emitting pin (rod source) around the patient for a
few minutes. By using these attenuation data, emissions
may be corrected and reconstructed into images that
reflect accurate radioactivity concentrations (Bq/cm3).

Examination times are considerably shorter with PET/
CT scanners, because the CT scan is used for attenuation
correction. Moreover, the CT examination provides an
anatomical map for morphological correlation of func-
tional image findings. The PET/CTexamination is generally
displayed in the form of transaxial, coronal, and sagittal
PET and CT images. A software overlay is shown in which
functional data in the PET images are fused with
morphological information from CT images. The whole
volumeof PETdata is typically displayed as anMIP that can
be rotated to facilitate image reading.When needed, the CT
examination may be modified regarding its acquisition
parameters and the use of contrast media (54–58).

PET and PET/CT in CUP Cases

An established application for FDG-PET and FDG-PET/
CT studies is the detection of occult primary tumors
in CUP patients (32, 33, 38). Because FDG-PET and

F IGURE 1 This 45-year-old woman with slight abdominal discomfort
and other vague symptoms underwent CT of the abdomen, which showed
multiple liver metastases; no primary tumor was detected. Biopsy of one
liver lesion revealed metastatic carcinoma with neuroendocrine differ-
entiation. Somatostatin-receptor scintigraphy (anterior view) showed high
octreotide accumulation in the hepatic metastases and two small
accumulations in the midline lower abdomen. The latter findings were
consistent with mesenteric metastases from a midgut carcinoid; a review
of the CT showed that they had been previously overlooked.
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FDG-PET/CT evaluations are performed as “whole-body”
examinations, from the base of the skull to the proximal
thighs, previously undiagnosed metastatic lesions may also
be detected along with the primary tumors. In the
literature on PET, a categorical distinction is usually
made between patients who present with middle- or high-
cervical lymph node metastases (usually associated with a
carcinoma in the head and neck) and individuals with
metastatic disease in other locations.

FDG-PET IN PATIENTS WITH CERVICAL LYMPH
NODE METASTASES. A review of 16 studies published
between 1994 and 2003, including 302 patients with
cervical lymph node metastases from CUP, showed that
FDG-PET detected a primary tumor in 74 cases (25%) (59).
Unrecognized metastases were diagnosed in 27% of the
patients; regional in 16%, and distant in 11%. However,
the overall incidence of false-positive FDG-PET studies was
high (16%), especially in a subset of patients for whom a
tonsillar carcinomawas favored (39%). False positivity also
attended cases where tumors were suspected at the base of
the tongue (21%) or the hypopharynx (8%). The definition
of CUP, based on the diagnostic evaluation that had been
done before FDG-PET examination, has differed among
various studies. All patients had generally undergone
imaging by CT and/or MRI, but in 10 of the 16 cases, they
also had had panendoscopy. Only those with negative
results of endoscopic evaluations were included in the
assessment. A large variation in the detection rate of CUPs
was found among papers included in this review. The least
favorable result achieved was FDG-PET detection of a
primary tumor in only 1 of 21 patients (5%). On the other
hand, it detected previously unrecognizedmetastases in 9 of
21 (43%) patients (60). In contrast, another analysis of
FDG-PET demonstrated better localization of primary
lesions. It was successful in identifying a primary neoplasm
in 11 of 15 patients (73%) (61). The details of the report,
however, indicate that CT findings in four of the 15 patients
were also suggestive of the primary cancers (61).

Additional studies have been published that report
results of FDG-PET alone, but such publications princi-
pally address the impact of FDG-PET/CT in CUP patients.
In one analysis of 26 patients with metastatic squamous
cell carcinoma in cervical lymph nodes, FDG-PET
detected the primary neoplasm in eight cases (31%)
(62). In that series, FDG-PET was preceded by CT and/
or MRI. Laryngoscopy/nasopharyngoscopy was per-
formed after the PET examination. Out of 69 patients,
46 underwent FDG-PET, and the diagnostic capabilities of
several different investigative methods were compared
(63). A primary tumor was detected in 23 patients (33%).
The best sensitivity was obtained with FDG-PET (69%),
which was superior to panendoscopy (48%) and conven-
tional (CT) imaging (32–50%). Nevertheless, the latter

modality had better specificity (87–95%) than FDG-PET
(69%). Distant metastases were found in 6 of the
69 patients (9%), and they were all detected with FDG-
PET. On the other hand, FDG-PET localized the primary
lesion in only one patient among six who had occult
tonsillar carcinoma (17%) (64). In another retrospective
study on FDG-PET imaging of tumors in the head and
neck, a subgroup of 18 CUP patients was analyzed; occult
primary lesions were detected by FDG-PET in 7 of 18
cases (36%) (50).

FDG-PET/CT IN PATIENTS WITH CERVICAL LYMPH

NODE METASTASES. In a large cohort of 326 patients
with CUP, a subgroup of 14 had exclusively nonsquamous
metastatic cell carcinomas in cervical lymph nodes. The 14
individuals underwent FDG-PET or FDG-PET/CT studies,
and a primary lesion was found in 50%. However, there
was also one false-positive result (65). In another analysis
of CUP patients with cervical lymph node metastases and
extracervical metastases, the results of FDG-PET/CT
studies and diagnostic CT were evaluated. A primary
neoplasm was detected by FDG-PET/CT in 6 of 18 patients
(33%) and a side-by-side evaluation of FDG-PET and CT
revealed five tumors (28%). In each group, there was one
false-positive result (66). Twenty-two percent of the
patients had their occult primary lesions found with PET
imaging alone. These differences in detection rate were not
statistically significant if the study modalities used were
taken into account. Figures 2 and 3 illustrate the value of
FDG-PET-CT in two CUP patients presenting with
cervical lymph node metastases.

Yet another publication on CUP with cervical lymph
node involvement indicated that FDG-PET/CT results
suggested a potential primary site in 26 of 38 patients
(68%) (67). However, only 13 of those were histopatho-
logically verified. One more study had a 36% detection
rate by FDG-PET/CT among 85 patients with head and
neck tumors (36%) (68).

FDG-PET AND FDG-PET/CT IN PATIENTS WITH
EXTRACERVICAL METASTASES. In a review of 10 stud-
ies that were published between 1998 and 2006, including
221 patients, the impact of FDG-PET (used in seven
studies) and FDG-PET/CT (three studies) was evaluated in
patients with extracervical metastases and negative
conventional radiological assessments (e.g., plain film
studies; CT; MRI) (69). Almost all patients (94%) were
found to have one metastatic site only. FDG-PET and
FDG-PET/CT detected a primary tumor in 41% of cases,
and previously unseen metastases were found in 37%.
Further analyses of these data showed that the primary
tumor was found by FDG-PET/CT in 40% of cases and
by FDG-PET in 39%.
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There was considerable variation in reported detec-
tion rates of primary tumors among the publications
included in this review (24–63%). In one report, FDG-
PET detected primary lesions that were confirmed by
tissue sampling in 24% of cases. The primary site was
suggested by FDG-PET for an additional five patients,
resulting in an overall detection rate of 44% (70). The
best results were obtained by Mantaka et al. in which
primary tumors that were seen with FDG-PET in 63% of
cases were verified pathologically (71). Figure 4 illus-
trates the use of FDG-PET in a patient with cerebral
metastasis of a CUP.

Another recent study (72), which was not included in
the meta-analytic review, reported that FDG-PET/CT was
53% effective in delineating primary tumors in CUP
patients with cervical and extracervical metastases. If only
the latter subgroup (extracervical disease) was considered,
the detection rate was 45%.

F IGURE 2 This 51-year-old woman presented with a large right
cervical tumor, a biopsy of which revealed squamous cell carcinoma.
Clinical examination and conventional radiological evaluations were
negative. A transaxial [18F]-fluorodeoxy-glucose–positron emission
tomography image shows the large cervical metastasis and demonstrates
the primary tumor at the right tongue base (A). Anatomic localization of
the lesion is better appreciated in the fusion of PET and CT (B).

F IGURE 3 A 66-year-old man was found to have an enlarged left
cervical lymph node; a biopsy showed metastatic small cell carcinoma.
Conventional imaging by CT failed to demonstrate a primary tumor in the
head, neck, or thorax. A transaxial [18F]-fluorodeoxy-glucose–positron
emission tomography image shows the cervical lymph node metastasis
and a primary neoplasm in the midline tongue base. Biopsy of the latter
lesion and histological reevaluation of the lymph node specimen were
consistent with one another, confirming that the tumor was of
oropharyngeal origin (A). Its anatomic localization is better appreciated
in the fusion of PET and CT (B).
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Whole-Body MRI

No analysis has, to the best of our knowledge, yet been
published on whole-body MRI (WB-MRI) in CUP
patients. However, in a comparative study of FDG-PET/
CT and WB-MRI, comprising 41 patients with a variety of
tumor types, both methods were found to be equally
unlikely to locate a primary tumor in four subjects with
CUP (73). Comparable results were obtained in a more
specific study of 21 head and neck carcinoma cases that
were evaluated with WB-MRI (74).

A study by Schmidt et al. also demonstrated that
among patients with a spectrum of malignancies, but not
including CUPs, FDG-PET/CT and WB-MRI yielded
consonant results regarding disease stage in 89% of cases.
The accuracy of the individual imaging methods was 96%
for FDG-PET/CT and 91% for WB-MRI (73). FDG-PET/
CT detected more lymph nodal metastases than WB-MRI
did. On the other hand, WB-MRI was superior at
delineating distant metastases in bone and liver (73).
Another such comparison—but not in CUP cases—
showed that correct staging of the disease was achieved
in 77% of patients by FDG-PET/CT and in 54% by WB-
MRI (75). Statistically better substaging of T- and N-
tumor parameters was achieved with FDG-PET/CT, but
distant metastases were detected equally well by both
methods. Other WB-MRI studies of oncology patients—
but not including CUP cases—have compared imaging

results with those obtained using conventional radio-
logical and nuclear medicine techniques (76, 77). One
publication indicated that it was feasible to perform WB-
MRI in approximately 15 minutes; metastases were
detected in 84% of cases, compared with 82% for
conventional imaging techniques (76). Yet another study
demonstrated metastases better with WB-MRI than with
CT among a cross section of oncology patients. WB-MRI
results produced a change in therapy in 10% of cases (77).

n CONCLUSIONS

Patients with CUP are not uncommon, and they have a
generally poor prognosis. Whether they should be imaged
in an exhaustive manner depends on factors such as
clinical performance status, comorbid conditions, age, the
number of metastatic sites, liver or adrenal involvement,
and specific histopathological diagnoses, among others.
However, some subsets of CUP patients have a better
outcome, and in these subjects the choice of specific
diagnostic strategies has a definite impact on survival. To
this end, close collaboration between radiologists, oncol-
ogists, pathologists, and other members of a multidiscipli-
nary oncology team is essential. Between them,
conclusions can be reached regarding the desirability and
nature of additional imaging studies.

The purpose of radiographic evaluation in CUP cases
is not only to detect the primary tumor but also to achieve
reliable and objective staging of the disease. Similarly, the
use of endoscopy is tailored to particular clinicopathologic
CUP subsets. For example, laryngoscopy, bronchoscopy,
and esophagoscopy would be appropriate for patients
with cervical lymph node metastases of squamous cell or
neuroendocrine carcinomas, whereas colonoscopy alone
would likely be indicated in cases of CUP where
metastases are restricted to the liver, and the tumor
morphotype is adenocarcinoma.

The development of FDG-PET and FDG-PET/CT has
clearly improved the detection rate of occult primary
neoplasms in patients with CUP. Some authors have
proposed that patients with cervical lymph node meta-
stases should principally be studied with FDG-PET instead
of CT and/or MRI. This is because it is highly unlikely that
the latter two morphology-based methods will detect a
primary tumor that could not be seen with PET (78, 79).
Indeed, in some publications on CUP, FDG-PET/CT has
been proposed as the initial imaging procedure that should
be done, the results of which can then guide further
diagnostic evaluations (80).

Published results on imaging techniques in CUP
patients are sometimes difficult to compare, because the
patient groups are often small, and specific diagnostic

F IGURE 4 A78-year-oldwomanunderwent cranial explorationbecause
of symptoms and signs of a brain tumor. Histopathologic examination
revealed metastatic squamous cell carcinoma, and [18F]-fluorodeoxy-
glucose–positron emission tomography (FDG-PET)/CT was done subse-
quently to search for the primary tumor. A transaxial FDG-PET image shows
the primary neoplasm in the lateral–posterior aspect of the right lung; a
lymph node metastasis is also visible in the right pulmonary hilum.
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evaluations are variable in nature and with regard to the
information they provide. Furthermore, PET results have
been reported differently. Some authors have equated the
primary-tumor detection rates with the proportion of
patients with FDG-avid lesions; others have been more
restrictive, requiring both FDG-avidity and surgical or
histopathological confirmation.

In spite of continuing improvements in imaging
technology, a considerable proportion of primary lesions
in CUP cases still elude detection. This does not mean that
technical advances have been fruitless in this context. As
indicated, another important aspect to consider is the
improved sensitivity of FDG-PET and FDG-PET/CT in
diagnosing previously occult additional metastatic sites. In
fact, some have even suggested that this factor may
perhaps be the most important contribution of radiological
evaluation to the current choice of treatment in CUP cases
(79). Unfortunately, not all published FDG-PET and FDG-
PET/CT studies of CUPs have reported such data, and this
omission should be corrected in the future.

WB-MRI has definitely emerged as a new application
for MRI in oncological imaging. WB-MRI examinations
may be completed relatively rapidly, and comparative
studies have shown roughly equal efficacy in staging liver
and bone metastases vis-à-vis FDG-PET/CT. WB-MRI has
been evaluated in a very limited number of CUP patients,
and overall results have not shown it to have a clear
benefit over other modalities. Additional studies in larger
groups of patients will therefore be required to assess its
contextual role.
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n GENERAL ASPECTS

Carcinoma of unknown primary site (CUP) accounts for
approximately 3% to 5% of all malignant tumors and is
therefore one of the 10 most common cancer diagnoses in
humans. The median age at presentation is approximately
60 years, with a marginally higher frequency in males (1, 2).
CUP refers to patients who present with histologically
confirmedmetastatic carcinoma in whom a detailedmedical
history, complete physical examination, full blood count
and biochemical evaluation, urinalysis and occult blood
testing of stool, thorough pathological review of biopsy
material, chest radiography, computed tomography (CT) of
the abdomen and pelvis and, in certain cases, mammog-
raphy, fail to identify a primary site for the lesion (3).

CUPs represent a heterogeneous group of malignan-
cies that share a unique clinical behavior. In this set of
tumors, most of which follow an aggressive biological

and clinical course, there are no obvious etiological
factors or known risks that contribute to the patho-
genesis of the syndrome. Similarly, no specific genetic or
phenotypic changes have been identified that might
characterize this distinctive biological entity. It seems
that the primary tumor in CUP cases may either have a
slow growth rate, or it may possibly involute, resulting in
the absence of clinical manifestations of a lesion at the
primary site (4).

CUPs are categorized into four major subtypes by
routine light microscopic criteria: (i) well-to-moderately
differentiated adenocarcinoma, (ii) poorly differentiated
adenocarcinomas, (iii) squamous cell carcinomas (SCCs),
and (iv) undifferentiated neoplasms. The majority of
patients have well- or moderately differentiated meta-
static adenocarcinomas, 30% have poorly differentiated
adenocarcinomas,15% have SCCs, and the remaining
5% have undifferentiated neoplasms. The last group
includes carcinomas not further specified, neuroendocrine
carcinomas, malignant germ cell tumors, and embryonal
malignancies (5).

The natural history of CUP patients differs consid-
erably from that of individuals with known primary
tumors. Early dissemination, a clinical absence of the
primary tumor, unpredictability of metastatic patterns,
and overall aggressiveness constitute the fundamental
characteristics of CUP cases. The unpredictability of
metastatic patterns refers to differences in the incidence
of sites that are involved by metastases at diagnosis, when
comparing CUP patients with those having known
primary carcinomas (3, 4, 6, 7).

The diagnostic evaluation in such cases must include
extensive pathological investigations and state-of-the-art
imaging technology. Despite such assessments, the pri-
mary tumor usually remains undetected, even at autopsy.
However, when they are discovered, tumors are most
frequently found in the lungs or pancreas (3, 4).



n CUPs: CLINICOPATHOLOGICAL ENTIT IES

In order to provide appropriate therapeutic guidance, CUP
entities should be classified as favorable or unfavorable
subsets. Several clinicopathological entities in each cat-
egory have been recognized based on their responses to
treatment and outcome (Table 1).

Certain favorable subsets require specific treatment
modalities and have a potential for a better-than-average
outcome. Unfortunately, patients with tumors in unfav-
orable subsets are more common, and they have a
generally dismal prognosis, with short survivals.

n THERAPEUTIC MANAGEMENT
OF CUP PATIENTS

History of Chemotherapy for CUP (1964–2007)

In the early 1960s and 1970s, systemic treatment for CUP
was basedmainly on fluorouracil- or adriamycin-containing
regimens. Other cytostatics included in such regimens
were cyclophosphamide, vinca alkaloids, and mitomycin-
C. Treatment responses were seen in approximately 20%
of cases, but with very few complete remissions. Median
survival ranged between three and seven months
(Table 2) (8–19).

n Table 1 Favorable and unfavorable subsets of
carcinoma of unknown primary site

Favorable Subsets Unfavorable Subsets

Poorly differentiated carcinoma

with midline nodal

distribution

Adenocarcinoma metastatic to

the liver or other organs

Women with papillary

adenocarcinoma of peritoneal

cavity

Malignant ascites from a

nonpapillary

adenocarcinoma

Poorly differentiated

neuroendocrine carcinomas

Multiple cerebral metastases

from an adenocarcinoma or

squamous carcinoma

Women with adenocarcinoma

involving only axillary lymph

nodes

Multiple lung/pleural

metastases from an

adenocarcinoma

Squamous cell carcinoma

involving cervical lymph

nodes

Multiple metastatic bone

disease from an

adenocarcinoma

Men with blastic bone

metastatic lesions from an

adenocarcinoma with

elevated serum prostate-

specific antigen

Isolated inguinal

lymphadenopathy from

squamous carcinoma

Patients with a single small

metastasis

n Table 2 Results from fluorouracil-anthracycline-based
chemotherapy in patients with carcinoma of unknown
primary site

Drug Combination N
Response
Rate (%)

Median
Survival
(Months)

FU vs. various (8) 103 6.2 vs. 2.6 9

FU vs. combinations

vs. various (9)

213 16 vs. 9.5 vs.

8.5

3.5

CAF (10) 100 21 7þ

FAM (11) 28 21.4 7.6

CAV (12) 20 50 8

AV (13) 38 13.2 7

FAM (14) 43 30.2 11

FU, DTIC, VCR,

BCNU (15)

61 20 3.6

FAM (16) 29 10.3 3.5

AVM (17) 57 30

PALA, MTX, FU (18) 21 5

Etoposide (19) 25 8

Abbreviations: AV, adriamycin, vindesine; AVM, adriamycin,

vincristine, mitomycin; BCNU, carmustine; CAF, cyclophosphamide,
adriamycin, fluorouracil; CAV, cyclophosphamide, adriamycin, vin-

cristine; DTIC, decarbazine; FAM, fluorouracil, adriamycin, mito-

mycin; FU, fluorouracil; GCSF, granulocyte colony stimulating

factor; MTX, methotrexate; PALA, N-phosphoacetyl-1-aspartate;
VCR, vincristine.
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Platinum-based combination therapies appeared in
the late 1980s. Other drugs that were used, beginning
in that period, included etoposide, vinca alkaloids,
anthracyclines, cyclophosphamide, bleomycin, and, more
recently, other novel agents such as vinorelbine, gemci-
tabine, and irinotecan. From these studies, certain chemo-
responsive entities emerged in relation to platinum-based
chemotherapy, such as poorly differentiated carcinomas
(PDCs) with a midline nodal-centered distribution, pap-
illary peritoneal adenocarcinomatosis, and neuroendo-
crine carcinomas. Responses were improved to 40% to
50%, and several months were added to the median
survival. In addition, long-term survivors in chemosensi-
tive tumor subgroups were documented (Table 3) (20–45).

Since 2001, taxanes have been integrated with
cisplatinum or carboplatinum-based regimens, but re-
sponse rates and survivals have remained largely un-
changed. Paclitaxel is the most commonly used taxane.
Etoposide and gemcitabine have also been combined with
paclitaxel or docetaxel (Table 4) (46–58). Table 5 presents
a summary of results of chemotherapy for CUP patients
during the last 40 years.

Treatment of Favorable Subsets

In Table 6, a review of the chemotherapy-related outcome
of three chemoresponsive CUP subsets is outlined.

PDC with Midline Distribution

This subset behaves similarly to extragonadal malignant
germ cell tumors and is seenmainly inmenwho are less than
50 years old. It usually affects midline lymph nodal chains
(supraclavicular, mediastinal, or paraortic), but occasion-
ally can be accompanied by concomitant parenchymal

n Table 3 Phase II studies in carcinoma of unknown
primary site patients using platinum-based regimens

Drug Combination N
Response
Rate (%)

Median
Survival
(Months)

FACP (20) 23 17 6

PVeB (21) 56 57 16

FAPH (22) 85 21 6

PEB (23) 34 79 8þ

FEP (24) 36 22 11

PFL (25) 25 32 –

PE (26) 16 19 8

PVB ± Doxo (27) 68 56 –

P (28) 21 19 5

P-containing vs.

Cb-containing (29)

48 29 4.3

PF (30) 15 53 –

P-based (31) 92 37.2 6.4

CbFL (32) 40 25 7.8

CbEpE (33) 62 37 10

PMiEp (34) 40 50 9.4

CbE (35) 26 23 5.6

PF (36) 44 27 –

ECF (37) 34 19 8.25

PE (38) 23 32 8

PAC (39) 22 50 10.7

ECF (40) 36 22 9

CA alternating with

PE/GCSF (41)

82 39 10

(Continued)

n Table 3 Phase II studies in carcinoma of unknown
primary site patients using platinum-based regimens
(Continued )

Drug Combination N

Response
Rate (%)

Median
Survival
(Months)

PMiF (42) 31 27 7.7

PEG (43) 30 36.6 7.2

CbEA (44) 102 26.5 9

CbG (45) 51 30.5 8.5

Abbreviations: A, adriamycin; B, bleomycin; C, cyclophosphamide; Cb,

carboplatin; E, etoposide; Ep: epirubicin; F, fluorouracil; G, gemcitabine;

H, hexamethymelamine; I, ifosfamide; L, leucovorin; Mi, mitomycin-C;
P, cisplatin; Ve, vinblastine.

CH A P T E R 1 1 � Chemotherapy 217



pulmonary lesions. Serum beta-human chorionic gonado-
tropin or alpha-fetoprotein levels are increased in around
20% of such cases. Midline PDC is characterized as a CUP
subset that is sensitive to platinum-based chemotherapy,
and it should be treated as would be poor prognosis germ
cell malignancies. High rates of response, in up to 50% of
cases, with 15% to 25% complete remission and 10% to
15% long-term disease-free survivors have been observed
(23, 59).

Women with Papillary Adenocarcinoma
of the Peritoneal Cavity

These patients should be managed as FIGO stage III
ovarian carcinomas. Optimal surgical cytoreduction,
followed by taxane and/or platinum-based systemic
chemotherapy, is recommended. High response rates of
up to 50%, including complete remissions in 30% to
35%, have been seen. The median survival in this group is
16 months, and five-year survivals of 10% have been
realized. No data are available concerning the use of
intraperitoneal chemotherapy in this subset of CUP
patients (60, 61).

Poorly Differentiated Neuroendocrine Carcinoma

Poorly differentiated neuroendocrine carcinoma has
been characterized as a highly chemoresponsive tumor
with reference to cisplatin-based treatment. In 1988,
Hainsworth et al. reported a response rate of 72% (with
24% complete responses) and 15% long-term disease-free
survivors in this CUP subset. Recently, the same research-
ers, using a combination of paclitaxel, carboplatin, and
etoposide, reported major tumor responses in 53% of

n Table 4 Results from phase II studies in patients with
carcinoma of unknown primary site using taxane-
platinum-based regimens

Drug Combination N

Response
Rate (%)

Median
Survival
(Months)

PLCbE (46) 55 47 13.4

PLCb (47) 77 38.7 13

PLCbE (48) 71 48 11

PDX (49) 22 33 8

DX (50) 29 7 6

PLPG (51) 29 50 –

PLCbG (52) 120 25 9

PLCbE ! GIR (53) 132 30 9.1

PLP (54) 37 42 11

DXG (55) 35 40 10

PLCb (56) 22 23 6.5

PLCbE (57) 78a 53 14.5

PLCb(weekly) (58) 42 18 8.5

aNeuroendocrine CUP.

Abbreviations: Cb, carboplatin; Dx, docetaxel; E, etoposide; G,
gemcitabine; IR, irinotecan; P, cisplatin; PL, paclitaxel.

n Table 5 Efficacy of chemotherapy in carcinoma of
unknown primary site patients during the last 40 years

Drug-Based
Chemotherapy

Response Rate
(%)

Median Survival
(Months)

5-Fluorouracil/

anthracyclines

13 (2–50) 7 (3.5–11)

Platinum 30 (17–79) 8 (4.3–72)

Taxanes/platinum 39 (7–50) 10 (6–48)

n Table 6 Results of platinum- and/or taxane-based
chemotherapy in chemosensitive favorable carcinoma
of unknown primary site subsets at a glance

CUP Subset

Response Rate/
Complete
Responses

Median
Survival
(Months)

Poorly differentiated

carcinoma with midline

nodal distribution

30–50%/

10–25%

13 (10–15%,

long-term

survivors)

Papillary adenocarcinoma of

peritoneal cavity (women)

40–60%/

25–35%

16 (10%, 5-yr

survival)

Poorly differentiated

neuroendocrine carcinoma

50–70%/

15–30%

14.5 (24%,

3-yr

survival)

Abbreviation: CUP, carcinoma of unknown primary site.

218 P A R T I V � Treatment, Prognosis, and Future Prospects



cases, with 15% complete remissions. Median survival
was 14.5 months, with 24% overall three-year survival
(57, 62, 63).

Women with Adenocarcinoma Involving Only
Axillary Lymph Nodes

In the CUP subgroup of female patients with only axillary
lymph-nodal metastasis, locoregional treatment, with or
without chemotherapy or hormonal therapy, is recom-
mended. However, data from randomized large prospec-
tive studies are lacking. The management in this tumor
subset is similar to that used for stage II or III breast
carcinoma patients. Those with mobile lymph-node
metastases (N1 disease) should undergo surgical axillary
clearance followed by either simple mastectomy or
radiation therapy to the breast. Adjuvant chemotherapy
in premenopausal women, followed by tamoxifen admin-
istration in estrogen receptor (ER)–positive cases, is
suggested. For postmenopausal patients with ER-positive
neoplasms, tamoxifen is the treatment of choice. Patients
with fixed lymph-node metastases (N2 disease) should be
given preoperative neoadjuvant chemotherapy, following
guidelines for stage III breast carcinoma. In nonrespond-
ing cases or in elderly patients, radical radiation therapy
can be offered, and subsequent hormonal treatment can be
given provided the tumor is ER positive (64–66).

SCC Involving Cervical Lymph Nodes

The management of patients with metastatic SCC in
cervical lymph nodes should parallel established guide-
lines for locally advanced carcinomas of the head and
neck. Locoregional treatment is most appropriate. The
five-year survival in such cases ranges from 35% to 50%,
depending on nodal status. Long-term disease-free survi-
vors have been documented. Only cases showing pN1
neck disease without extranodal extension by metastasis
should be managed surgically. All other patients require
combined-modality treatment.

Radiation should be given to both sides of the neck
and the mucosa of the entire pharyngeal axis and larynx.
Locoregional failures occur more commonly if only
ipsilateral cervical nodes are irradiated. Concurrent
chemoradiotherapy is recommended for patients with
N2 or N3 nodal disease (67, 68).

Men with Blastic Bone Metastases of
Adenocarcinoma and Elevated Serum
Levels of Prostate-Specific Antigen

This is a rare and relatively favorable prognosis CUP
subgroup. It comprises men who should be managed as if
they have metastatic prostatic carcinoma, usually includ-
ing hormonal therapy (3, 69).

Isolated Inguinal Lymph Node Metastasis of SCC

In these rare cases, lymph nodal dissection with or without
local radiation treatment is the recommended approach.
Long-term disease-free survival has been documented. No
systematic data on chemotherapy are available (3).

Patients with a Single Small Metastasis

Patients with a single small focus of metastatic carcinoma
enjoy palliative benefit, or even long disease-free survival,
after only local resection, with or without radiotherapy (3).

Treatment of Unfavorable CUP Subsets

Unfortunately, most CUP cases belong to prognostically
unfavorable subgroups. The majority of patients have
differentiated metastatic adenocarcinomas, and their
clinical picture is characterized by disseminated metasta-
ses involving the liver, bones, lungs, or central nervous
system.

Despite some response to chemotherapy in many
cases, the ultimate prognosis is poor. In general, several
platinum or taxane/platinum-based chemotherapy regi-
mens have yielded better responses and relatively longer
survivals compared with older treatment schemes.

One should always be cautious in regard to inter-
pretation of these results, because of the heterogeneity of
CUP populations, the retrospective nature of many
studies, and biases concerning patient selection in refer-
ence to median age, performance status, and so on.
Population-based data from European registries report a
median age of 70 years and a survival of two to three
months in an unselected CUP case population, whereas the
median age was less than 60 years and median survival
was six to seven months among patients who were
enrolled in clinical protocols (2, 70). Based on three
studies that were published between 1998 and 2005, with
almost 400 CUP patients with liver metastases, more than
20% had responses to principally platinum-based chemo-
therapy regimens, and their median survival was less than
seven months (71–73).

In conclusion, patients with unfavorable CUPs who
are relatively young and have a good performance status
should be offered platinum-based chemotherapy.
Alternatively, optimal supportive care is recommended.

Randomized Prospective Studies of CUP

Prospective phase II randomized studies of treatment for
CUP, with relatively small numbers of patients, are also
available in the literature. Initially, nonplatinum combi-
nations were compared, whereas more recent analyses
have focused on platinum- and/or taxane-based combina-
tion regimens. None of the published randomized trials
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were able to show any significant difference in clinical
response or median survival (Table 7). Several other
randomized phase III studies are still underway both in
Europe and in the United States, comparing single versus
combination chemotherapy, or platinum- versus non-
platinum-based regimens. Both “good” and “poor”
prognosis CUP patients have been included in such
assessments (74–85).

‘‘Second-Line’’ Chemotherapy

During the last six years, four phase II trials have been
reported, including a total of 120 CUP patients who failed
first-line treatment. Chemotherapeutic combinations with
various cytostatics, such as fluorouracil, leucovorin,

gemcitabine, irinotecan, or docetaxel, were administered.
Most of them showed no substantially beneficial results.
Nevertheless, in one small analysis using docetaxel and
gemcitabine, a response rate of 28% and a median
survival of eight months was observed, after initiating
second-line treatment (Table 8) (86–89).

Targeted Treatments

There is anecdotal evidence of two CUP patients who were
treated with thalidomide and steroids, and with the
combination of trastuzumab and vinorelbine. Both indi-
viduals exhibited partial remissions lasting for 17 and
7 months, respectively (90, 91). In another phase II study,
51 patients were treated with bevacizumab and erlotinib
as a second-line regimen. Four of them (8%) achieved
a partial response, and 30 patients (59%) had stable
disease with a median overall survival of eight to nine
months (92).

n PROGNOSTIC VARIABLES IN CUP CASES

Various independent prognostic factors have been identi-
fied in patients with CUPs. Several clinical, histopatho-
logical, serological, and biological analytes were found to
be inversely correlated with survival. Among these, male
sex, poor performance status, a high number of metastatic
sites, unfavorable histopathologic subsets, the presence of
hepatic metastases, elevated serum alkaline phosphatase
levels, elevated serum lactate dehydrogenase levels, low
serum albumin values, and lymphopenia were found to be
the most important (93–97).

n Table 7 Prospective randomized studies in CUP site
patients

Drug
Combination N

Response
Rate (%)

Median Survival
(Months)

MiA vs. CMF (74) 47 36 vs. 4.5 4.2 vs. 3

F vs. FAC (75) 36 0 vs. 0 3.5 vs. 3.0

MA vs. CVB (76) 95 42 vs. 32 4.1 vs. 5.8

MA vs. MAP (77) 55 7.1 vs. 18.5 5.5 vs. 4.6

EP/AC vs. high

dose (78)

60 42 vs. 39 11 vs. 8

PDX vs. CbDX (79) 73 26 vs. 22 8 vs. 8

CbE vs. PLFL (80) 34 19 vs. 19 8.3 vs. 6.4

PG vs. PIR (81) 80 42 vs. 25 22% vs. 23%

(1 yr survival)

F vs. F þ Mi (82) 88 11.6 vs. 20 6.6 vs. 4.7

PG vs. PIR (83) 80 55 vs. 38 8 vs. 6

PLCb vs. GVL (84) 90 21.5 vs. 21.5 10.7 vs. 6.9

PGbPL vs.

PGbVL (85)

66 48.5 vs. 42.3 9.6 vs. 13.6

Abbreviations: F, fluorouracil; A, adriamycin; C, cyclophosphamide; Mi,

mitomycin; M, methotrexate; Cb, carboplatin; E, etoposide;

L, leucovorin; V, vincristine; B, bleomycin; G, gemcitabine; IR, irinotecan;
DX, docetaxel; PL, paclitaxel; VL, vinorelbine; P, cisplatin.

n Table 8 Second-line chemotherapy in CUP site patients

Drugs N

Response Rate
(%)

Median Survival
(Months)

G (86) 39 8 –

FL (87) 25 0 9a

DXG (88) 15 28 8b

GIR (89) 40 10 4.5

aFrom diagnosis.
bFrom start of second-line treatment.

Abbreviations: Dx, docetaxel; F, fluorouracil; G, gemcitabine;

IR, irinotecan; L, leucovorin.
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n LATE SEQUELAE RELATED TO TREATMENT

Surgery-Related Sequelae

Clinically, long-term sequelae owing to surgical proce-
dures in specific CUP subsets (such as women with
adenocarcinoma in axillary lymph nodes, women with
papillary adenocarcinoma of the peritoneal cavity, and
patients with SCC in cervical lymph nodes) are no
different than those seen in patients with known
primary breast, ovarian, or head and neck carcinomas of
similar clinical stages. Therefore, recommended surgical
approaches for these groups of patients are comparable.

Radiotherapy-Related Sequelae

Sequelae related to radiotherapy, which is primarily
employed in women with metastatic adenocarcinoma in
axillary lymph nodes or cases with SCC in cervical lymph
nodes, are likewise similar to those observed in cases of
known primary breast and head and neck carcinoma.

Chemotherapy-Related Sequelae

In the majority of CUP patients, late sequelae of chemo-
therapy do not represent a serious clinical problem. This is
principally true because median survival is typically no
longer than one year. In a minority of patients with longer
survivals, late toxicities are similar to those seen in patients
who have been treated with platinum- and/or taxane-based
chemotherapy for known primary carcinomas.

n FOLLOW-UP

The short life expectancy of most CUP patients leaves little
room for developing standarized recommendations for
follow-up strategies. Generally speaking, after termination
of therapy, patients with unfavorable subsets should visit
outpatient clinics upon need, but patients with a favorable
CUP subset diagnosis should be seen on a regular basis
similar to that followed for the respective solid tumor, suchas
germ-line tumors for patients with middle-line distribution,
ovarian cancer for carcinomatosis peritonei in women, and
breast cancer for patients with axillary nodal metastases.

n CUP GUIDELINE WEB SITES

Guideline recommendations for the treatment of CUPs are
available on the following Web pages:

1. European Society for Medical Oncology (ESMO)
Clinical Recommendations: www.esmo.org/refer-
ence/reference.guidelines.htm

2. National Cancer Institute’s Physician Data Query
(NCI/PDQ): http://www.cancer.gov/cancertopics/pdq/
treatment/unknownprimary/healthprofessional

3. State of the Art Oncology in Europe (StART): www.
startoncology.net
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n INTRODUCTION

Approximately 3% to 6% of patients presenting with
metastatic disease from solid tumors can be classified as
having metastatic carcinoma from an unknown primary
site (CUP). CUP represents a heterogeneous group of
metastatic tumors for which no primary site can be
detected after a thorough medical evaluation. The primary
lesion may either have a slow growth rate or possibly
involute; therefore, it rarely becomes manifest during the
clinical course (1, 2). CUP represents a unique entity in
which it is presumed that a primary tumor is able to
metastasize before the primary site becomes large enough
to be identified. The natural history of these patients

differs considerably. When grouped together, patients
with metastases from an unknown primary site have a
median survival of approximately six months (3).

CUP is a diagnosis of exclusion that is made only after
an exhaustive clinical andpathological analysis has failed to
identify a primary site (4, 5). Women should have a breast
and pelvic examandmen should undergo complete prostate
and testicular examination (6). The diagnosis of CUP
applies to 5% to 10% of all cancer patients, making it the
seventh most common malignancy (7). A primary tumor
that has escaped clinical detection can be identified in 30%
to 82% of cases at autopsy (8). Most large studies have
shown that carcinomas of the lung and pancreas are the
most common primary lesions that initially present as CUP.
Other common malignancies, such as colorectal, breast,
and prostate carcinoma, infrequently do so (9, 10, 11, 12).

The definition of CUP has varied over time according
to inclusion criteria and the evolution of diagnostic tools.
In the early 1970s, it was argued that the diagnosis of CUP
could be made only if the primary tumor was not found at
autopsy (13). A retrospective chart review by Stewart et al.
in 1979 maintained that the most pertinent challenge for
the clinician was to decide how aggressively to try to
identify the primary site (14). In that analysis, there was
no difference in median survival time between patients in
whom the primary tumor site was found during life and
others in whom it was not. Currently, it is felt that clinical
investigations should be directed at finding treatable
primary tumors.

The argument for pursuing the primary neoplasm
aggressively in CUP patients is usually based on two
beliefs—that finding it may allow for specific antitumor
treatment and provide a better guide to prognosis.
However, despite recent advances in molecular pathology,
immunohistochemistry, and imaging technology, the
diagnosis and therapy of patients with CUP remains a
real dilemma. The majority of CUP patients are relatively
resistant to systemic therapy and have short survivals, but
certain clinicopathological subsets that are defined by



either clinical or pathological features do respond to
treatment and have a better prognosis. These are listed in
Table 1 (15).

The therapeutic strategy for CUP patients should
be individualized according to the clinical subset.
Oncologists must determine whether the patient belongs
to any of the favorable or unfavorable subsets prior to
recommending a specific intervention. Cases of CUP
usually belong to two categories—metastatic involvement
of lymph nodes only and those with visceral disease (16).
The most common sites for secondary lesions are the
lymph nodes, lungs, bone, and liver (17, 18). This is an
important distinction, because patients with isolated nodal
metastasis generally have a better prognosis after appro-
priate therapy (19).

Based on the clinical presentation and histology, the
recommended treatment may be locoregional or systemic,
and it may have curative or palliative intent. Historically,
chemotherapy has been the cornerstone of management
for patients with CUP (20). During the last 40 years,
almost all cytotoxic drugs have been used in this context,
either as single agents or in combinations.

During evaluation of the patient with CUP, communi-
cation between the surgeon and the pathologist is critical to
ensure the appropriate collection and handling of tissue
specimens and minimizing the need for repeated biopsies.
Moreover, all available clinical information should be
provided to the pathologist. In a review by Hainsworth and
Greco (21), approximately 60% of patients with CUP were
found to have well-differentiated or moderately well-
differentiated adenocarcinomas, 5% had squamous carci-
nomas, and 35% had poorly differentiated and otherwise
unclassifiable epithelial neoplasms (PDC-NOS). After
histological confirmation, the next step in pathological
assessment is usually immunostaining. This technique has
revolutionized the ability to identify the origin of many
metastases from unknown primary sources. In conjunction
with the clinical history, histology and adjunctive staining

procedures can delineate specific tumor lineages in 72% of
cases (22). The results of immunostains are always
correlated with light microscopic findings and the clinical
picture to optimize diagnosis, because no single tumor
marker is entirely specific.

Serum tumor products that are shed into the blood-
stream represent other tests that can serve as adjuncts in
defining the source of a metastatic tumor. Although most
such markers lack a high level of specificity in determining
the site of the primary, their use, together with morpho-
logical, pathological, and clinical information, may be
helpful. Table 2 (6) lists the most commonly used markers
and corresponding tumors. It is worthwhile to note that an
isolated elevation of any one marker is not diagnostic and
does not predict response to therapy. Elevations in these
analytes must be interpreted in the clinical context, and
they should only be used in specific situations where
clinicopathologic data support their application.

n Table 1 Favorable and unfavorable subsets of CUP

Favorable Subsets Unfavorable Subsets

1. Poorly differentiated carcinoma with midline distribution (extragonadal germ

cell syndrome)

2. Women with papillary adenocarcinoma of peritoneal cavity

3. Women with adenocarcinoma involving only axillary lymph nodes

4. Squamous cell carcinoma involving cervical lymph nodes

5. Isolated inguinal adenopathy (squamous carcinoma)

6. Poorly differentiated neuroendocrine carcinomas

7. Men with blastic bone metastases and elevated PSA (adenocarcinoma)

8. Patients with a single, small, potentially resectable tumor

1. Adenocarcinoma metastatic to the liver or

other organs

2. Nonpapillary malignant ascites

(adenocarcinoma)

3. Multiple cerebral metastases (adeno- or

squamous carcinoma)

4. Multiple lung/pleural metastases

(adenocarcinoma)

5. Multiple metastatic bone disease

(adenocarcinoma)

Abbreviations: CUP, metastatic carcinoma from an unknown primary site; PSA, prostate specific antigen.

n Table 2 Serum tumor markers

Tumor Marker Differential Diagnosis

a-Fetoprotein Hepatocellular, germ cell

b-HCG Trophoblastic, germ cell

CA15-3 Breast>ovary, lung,
gastrointestinal

CA19-9 Pancreas, gastrointestinal

CA-125 Ovary, uterine>breast, lung

CEA Carcinoma versus mesothelioma

Abbreviations: CEA, carcinoembryonic antigen; HCG, human chorionic

gonadotropin; CA, carbohydrate antigen.
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This chapter analyzes the subsets of patients with CUP
who have been shown to derive benefit from surgical
intervention. Generally, they have either lymph node
metastases—in the cervical, axillary, or inguinal regions—
or isolated visceral secondary lesions or solitary meta-
stases in the bone or peritoneum. In these sites, certain
histological tumor types will be discussed, such as occult
breast carcinoma. Indications for surgery, the role of
adjunctive therapies, clinical outcomes, and prognostic
factors will be presented. Clinical treatment algorithms
have been formulated for selected sections based on
information in the pertinent literature.

n CERVICAL NODAL METASTASES

Incidence and Evaluation

Approximately 2% to 8% of patients presenting with
malignant cervical lymphadenopathy have a primary
tumor that is not readily diagnosed by standard evaluation
(23). Classically, the individual who presents with cervical
nodal metastases is a middle-aged or elderly person with a
history of chronic tobacco or alcohol use. Common tumor
types in such cases include squamous cell carcinoma
(SCC), adenocarcinoma, PDC-NOS, and melanoma. The
primary site for most cervical metastatic SCCs is usually
the oral cavity, larynx, or cervical esophagus. Possible
sites of origin for metastatic cervical adenocarcinomas
include the thyroid, stomach, breasts, and prostate. The
most likely primary site for PDC-NOS in the head and
neck region is the nasopharynx. The recommended
pathway of diagnostic inquiry in patients with cervical
lymph node metastases is outlined in Table 3 (24). This

approach was 87% successful in identifying a primary
lesion in patients with metastatic cervical nodal SCC in a
study of 267 patients (25).

Fine-needle aspiration (FNA) of the affected cervical
nodes is the method of choice for histological diagnosis.
FNA is 90% to 98% accurate in recognizing metastatic
SCC (24, 26). A complete examination of the oral cavity,
pharynx, and larynx is also warranted; indirect and direct
laryngoscopy with mucosal biopsy is strongly recommen-
ded as well. Incisional biopsy of enlarged cervical nodes is
somewhat controversial and may lead to higher rates of
local recurrence and decreased survival after definitive
treatment (27). Positron emission tomography (PET) is a
potentially useful option if the primary site remains
unidentified after direct and indirect endoscopy. In one
study of 42 patients with metastatic cervical SCC and
negative endoscopy, PET showed localized increased
metabolic uptake in 20 of them (48%). Further inves-
tigation revealed a primary lesion in 10 of these, and
previously unrecognized metastatic sites were also found
in nearly one-third of the cases (28). Bronchoscopy is not
generally performed when metastases are found in upper
and mid-cervical lymph nodes, if thoracic computed
tomography (CT) is normal and no pulmonary symptoms
exist. CT is useful for characterizing the extent of disease.
Other methods used to improve diagnosis are screening
tonsillectomy, chromosomal analysis, and Epstein–Barr
virus (EBV) detection in tumor tissue. Surveillance
biopsies from the upper aerodigestive tract may also
confirm the presence of genetic aberrations that are found
in the metastatic tumor. EBV detection points to a
nasopharyngeal site of origin, especially in young patients
whose tumors show a PDC-NOS histology (29).

Role of Screening Tonsillectomy

Screening tonsillectomy is recommended in the diagnosis
of patients with subdigastric, mid-jugulocarotid, or sub-
mandibular nodal metastases from an occult primary
tumor. A recent study examined results for 87 patients
who underwent screening tonsillectomy in that setting.
Twenty-six percent of them had a tonsillar primary lesion,
with involved lymph nodes in the subdigastric, subman-
dibular, and mid-jugulodigastric groups in 38%, 28%,
and 23% of cases respectively (30). In another series
reported by Randall et al. (23), 6 of 14 T1 tonsillar
carcinomas were occult, requiring tonsillectomy for
diagnosis. Among the patients without identifiable pri-
mary sites after endoscopic evaluation, 6 of 34 (18%) had
a diagnosis after tonsillectomy. Koch et al. (31) recom-
mended bilateral tonsillectomy in patients who present
with metastatic SCC in cervical nodes with an unknown
anatomic source. The proposed rationale for bilateral
tonsillectomy is to create a symmetric faucial arch to avoid

n Table 3 Recommended diagnostic workup for cervical
nodal metastases

History

Physical exam

Examination of oral cavity, pharynx, and larynx

Indirect laryngoscopy

Chest radiograph

CT and/or MRI of head and neck; PET

Laboratory studies (complete blood count, complete metabolic

panel)

Direct endoscopy

Biopsy of nasopharynx, tonsils, base of tongue, pyriform sinuses,

suspicious mucosal areas

Tonsillectomy (unilateral or bilateral)

Fine-needle aspirate of cervical node

Source: From Ref. 24.
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confusion during posttreatment surveillance regarding
recurrence and the presence of second primary tumors.
Moreover, complete tonsillectomy can also capture rare
cases of bilateral disease (32). In a series of 41 patients,
four (10%) had bilateral tonsillar primary lesions.

Surgical Treatment

Several institutions have published their experiences in the
treatment of cervical lymph node metastases from
unknown primary sites (31, 33–35). Treatment of patients
with SCC of unknown origin in the upper or mid-cervical
lymph nodes should be predicated on guidelines for locally
advanced SCC of the head and neck. Therapeutic options
for all histological subtypes include radiation to the
pharynx and both sides of the neck, radical neck
dissection, or a combination of those interventions.

Surgery as Definitive Therapy

Patients who have a solitary positive cervical node
containing SCC may be treated with neck dissection alone
if there has been no prior open biopsy and if there is no
extracapsular extension (ECE) by metastatic tumor (36).
However, radiation therapy should be added when there
are multiple positive nodes and/or ECE, to reduce the
likelihood of local recurrence in the neck (37). In a study
by Iganej et al. of 106 patients with metastatic SCC of
unknown source, 41 had N1 or N2a disease without ECE.
Surgery alone as the initial treatment yielded 81% tumor
control above the clavicle (33).

Adjuvant Radiotherapy

Radiation as Definitive Therapy

Radiation treatment (RT) is generally not recommended
as definitive therapy for CUP, except in patients with
extremely advanced, bulky, or otherwise inoperable
disease. The local failure rate in such patients is estimated
at >50%, and the overall survival is poorer than that of
patients treated with surgery alone. However, it must be
acknowledged that the majority of patients given RT
alone have more advanced disease and a poor prognosis,
independent of the treatment modality used (33).

Postoperative RT

Postoperative RT is recommended for patients who have
radical neck dissections and ECE by metastatic tumor or
multiple positive nodes. RT can also target potential
primary sites in the head and neck besides treating
the affected nodal basins. Weir et al. published a retro-
spective analysis of 144 patients with cervical lymph
node metastases from unknown primary tumors (38).

Eighty-five of them were given RT to the affected nodes
alone, whereas 59 received radiation to the nodes as well
as to potential primary sites in the head and neck (38). No
survival difference was reported between the patient
subgroups; the overall five-year survival for the entire
cohort was 41%. However, the primary lesions were more
likely to manifest themselves eventually in those patients
who only had nodal irradiation. Among seven patients
who subsequently developed a detectable primary tumor,
only one (15%) had received radiation to affected cervical
nodes and potential primary sites (37).

Some authors do not recommend routine postoper-
ative RT for CUPs. Iganej et al. (33) published a
retrospective analysis of 106 patients with N1, N2, and
N3 disease. Initial treatment included excisional biopsy
alone in 12 cases, radical neck dissection alone in 29,
radiotherapy alone in 12, excisional biopsy followed by
radiotherapy in 15, and radical neck dissection together
with postoperative RT in 26. No significant difference was
found in survival based on these treatment modalities.
However, disease-free survival and overall outcome was
worse for patients with advanced (N2b, N2c, and N3)
disease. Tumor-free survival at five years was slightly
higher (80%) for patients with N1 and N2a metastases,
compared with approximately 50% for others who had
more advanced disease. Overall survival at 10 years was
slightly above 50% for patients with N1 and N2a disease
and approximately 35% for patients with higher-stage
tumors. The latter study suggests that, in the absence of
advanced cervical metastatic disease, RT can be reserved
for salvage therapy.

Outcomes and Survival

Recent analyses provide insight into an important clinical
question; that is, whether bilateral cervical RT results in
better prevention of local recurrence than unilateral RT.
McMahon et al. assessed a prospectively compiled
computerized database in which 38 patients had meta-
static cervical SCC from an occult primary site (34).
Radiotherapy was directed at the ipsilateral neck alone in
24 patients, whereas 10 were given comprehensive
bilateral RT to cervical nodes and potential primary sites.
Patients in the latter group had either bilateral metastases
or a suspected nasopharyngeal carcinoma. The rate of
disease control in the ipsilateral neck was 91%.
Contralateral neck recurrence occurred in six cases
(16%), none of which had received contralateral radio-
therapy as part of the initial treatment. Of the six
individuals who developed contralateral recurrences in
the neck, all of them had had a radical neck dissection; five
of the six also received RT directed at the ipsilateral neck.
Two of the six showed evidence of distant metastases as
well, precluding curative treatment.
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A recent evaluation by Boscolo-Rizzo et al. (39)
describes the clinical outcome of 90 patients with CUPs
who presented with metastases to cervical lymph nodes.
They were treated with radical or modified radical neck
dissection and mucosal irradiation. Thirteen patients
(14.4%) developed distant metastases 9 to 38 months after
treatment, and the five-year actuarial incidence of distant
disease was 19.1%.Nodal involvement of cervical levels IV
and V (p < 0.001), the presence of nodal ECE (p¼ 0.007),
and histological tumor grades of 3 and 4 (p¼ 0.002)
significantly affected the risk of metastasis outside the head
and neck. In multivariate analysis, distant failure was
associated with involvement of cervical nodal levels IV and
V (p¼ 0.01) and ECE (p¼ 0.013). The dose of RT was not
significantly related to distant tumor recurrence.

Despite definitive treatment, 10% to 15% of patients
with metastatic SCC of unknown origin will develop a
clinically manifest lesion in the mucosa of the head or neck
within five years and another 10% to 15% show distant
metastases (40). The subsequent appearance of a primary
tumor may potentially affect treatment, but little data
is available on that point. In a recent assessment by
McMahon et al. 5 of 38 patients with cervical metastases
from CUPs developed obvious mucosal primary lesions
after their initial presentation. Three of them then had
salvage surgery and adjuvant radiotherapy. Two of those
individuals were alive and disease free at one and three
years of follow-up (34). However, another analysis
suggested that the appearance of a primary tumor did
not alter survival significantly (33).

Long-term disease-free survival with CUP of the head
and neck approximates to 40% to 67% after definitive
treatment. Data generated by Boscolo-Rizzo et al. demon-
strated an actuarial overall survival of 71.7% and 59.9%,
respectively, at two and five years of follow-up; actuarial
disease-specific survival (DSS) rates at these time points
were 73.6% and 62.8%, respectively. The level of cervical
nodal involvement, the presence of ECE, and the N stage
significantly affect the DSS. As is true of distant metastases,
nodal involvement of levels IV and V (p¼ 0.001) and the
presence of ECE (p¼ 0.001) negatively influenced actuarial
DSS; the irradiation dose did not do so (39).

PDC-NOS may be sensitive to radiotherapy alone, or
combination treatment of RT and chemotherapy (36). The
five-year survival for the patients treated only with RT is
38% (15/40), whereas five-year survivals of others given
chemotherapy alone were significantly lower. RT and
chemotherapy together improved the outcome. Surgery
alone also is not considered a viable option for CUPs of
the head and neck that are poorly differentiated SCCs
(36). Yang et al. reported on results of RT in 113 cases of
cervical nodal metastasis from unknown primary tumors,
with a five-year survival of 37%. The dose of radiotherapy
was the main factor that affected survival, and those

patients who were given >50 Gy enjoyed twice the survival
rate as others who received less irradiation (41). In a study
by Yalin et al. focusing on metastatic cervical nodal SCC,
patients were given preoperative RT at a dose of <50 Gy,
followed by radical neck dissection within six weeks. With
this approach, a five-year survival rate of 53% was
achieved (36). Preoperative irradiation may reduce the size
of the tumor and possibly affect micrometastases as well.
However, RT may make subsequent surgical dissection
more difficult and negatively affect wound healing. The
five-year survival rate of patients in the latter study who
were given radiotherapy alone was 33% (N¼ 3). Four
patients who were given chemotherapy, either alone or
with RT, had supraclavicular nodal disease and a poorer
prognosis (36).

Improved survival was reported in a group of eight
patients with metastatic papillary adenocarcinoma that
presented in cervical nodes. They underwent radical
thyroidectomy and neck dissection (36), yielding a five-
year survival of 62%. That group was compared with
another eight patients with nonpapillary metastatic
adenocarcinoma, of whom only one patient survived for
more than five years. Six had metastatic disease in
supraclavicular nodes, for which the primary site was
most likely in the abdomen or thorax. The prognosis for
such patients is poor, and treatment is often palliative. The
presence of clinical N3 disease, ECE, poor tumor differ-
entiation on histological studies, and positive surgical
margins predict a poor survival in this cohort by
univariate statistical analysis (34, 36).

Lower Cervical and Supraclavicular Sites

A biopsy showing metastatic SCC in the supraclavicular
lymph nodes (especially right-sided ones) suggests a
primary lung cancer; hence, fiberoptic bronchoscopy
should be performed (even if the chest radiograph is
negative) after a head and neck examination has failed to
provide evidence of a primary tumor above the clavicles.
Patients in this scenario should receive standard treatment
for a lung carcinoma of advanced stage. Those who lack
detectable disease below the clavicles should be treated
using the same approach employed for those with a
detectable thoracic tumor (41).

n AXILLARY LYMPH NODE METASTASES—
OCCULT BREAST CARCINOMA

Incidence and Diagnostic Workup

Women presenting with a unilateral axillary mass and a
normal breast examination should be evaluated with
mammography and/or MRI of the breasts, chest
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radiography, and FNA of the axillary lesion. If metastatic
carcinoma is seen in the biopsy specimen, it should be
evaluated for estrogen and progesterone receptor status
and Her-2/neu gene amplification (42). Providing that a
breast lesion is found, further diagnostic evaluation should
follow standard guidelines for suspected mammary
carcinoma. If no breast mass is apparent, patients with
this clinical presentation should still be considered to have
occult primary breast cancer if the histological image of
the metastatic tumor is that of adenocarcinoma. The
overall incidence of occult breast carcinoma with axillary
metastasis is <1% of all breast cancer cases (43).

A retrospective study done by Muttarak et al.
examined mammograms from 43 patients with palpable
unilateral axillary masses and normal breasts on physical
examination (44). Ninety-three percent of them had true
lymph nodal enlargement, but other diagnoses included
lipoma, fibroadenoma in the mammary axillary tail, and
hematoma. Forty-one percent of the patients had benign
lymphadenopathy with reactive lymphoid hyperplasia or
acute infectious lymphadenitis, whereas 59% had intra-
nodal malignancies. Metastases of nonmammary primary
tumors, occult ipsilateral breast carcinomas, and pre-
vious contralateral breast carcinomas were all repre-
sented (45). No significant discrepancy in size was
observed between malignant and benign lymph nodes.
In this series, 80% of patients with breast carcinoma
were subsequently found to show mammographic evi-
dence of malignancy (45).

In another series reported by Obdeijn et al. 31 women
with metastatic adenocarcinoma in axillary nodes and no
known primary tumor had an MRI of the breasts taken,
after mammography and physical examination revealed
nothing (45). Two-thirds had no prior history of
malignancy, but the remaining patients had had previous
contralateral breast cancers. Sonography and FNA were
performed on any contrast-enhancing lesion seen on MRI,
and a primary intramammary tumor was identified in
40% of the 20 patients without a history of malignancy.
A second primary neoplasm was found in 27% of the
women with a history of breast cancer (46).

Definitive Local Treatment

Treatment should include modified radical mastectomy,
or axillary lymphadenectomy and upper outer quadran-
tectomy, or RT to the breast. Occult breast cancer is
identified in 33% to 82% of patients when mastectomy is
performed when all clinical studies are negative (46–49).
Once found, the primary tumor is usually <2 cm in
diameter, and, in some cases, only ductal carcinoma in
situ is identified. Upper outer quadrantectomy has been
suggested as a breast-conserving surgical option. It is
based on the premise that there is an increased density of

glandular tissue in that quadrant; (50); however, this
approach is controversial and may miss up to 50% of
tumors (51). Nevertheless, some form of definitive local
therapy, whether represented by surgery or irradiation,
should be implemented, because many patients with
axillary CUP eventually develop a clinically manifest
breast tumor. Administration of adjuvant therapy is based
on the hormonal status of the tumor, its Her-2/neu gene
expression, and selected clinical features, including
menopausal status. If other sites besides the axilla are
involved, the working diagnosis still may be metastatic
breast carcinoma. A trial of empirical chemotherapy or
hormonal therapy may offer at least palliative benefit in
such cases.

Axillary Lymph Node Dissection

To achieve maximum locoregional tumor control as well
as proper staging and prognostic information, a level I and
II axillary lymph node dissection (ALND) is the current
treatment standard for all patients with axillary nodal
metastases from breast cancer; this is true regardless of
whether the lesion is an occult or known primary. Vlastos
et al. (52) found a trend toward improved survival in
patients who underwent ALND, as compared with others
who only had axillary nodal biopsy. However, the
difference between the groups was not statistically
significant. In patients with nonoccult breast carcinoma,
the prognostic importance of the absolute number of
involved lymph nodes is well known (53, 54). Survival in
cases of occult breast carcinoma is also associated with the
extent of nodal involvement. Patients with one to three
positive nodes have a statistically significant survival
benefit as compared with others with four or more
positive involved nodes (87% vs. 42%; p <0.0001) (54).

Surgical Management of the Breast

Several options exist for management of the breast in cases
of axillary nodal CUP. They include mastectomy or
observation alone, with or without RT. Even in instances
where a carcinoma is found in the mastectomy specimen,
the lesion is often either noninvasive or very small.
Meterissian et al. found that 35 of 71 (49%) primary
breast cancers that were undetectable by clinical exami-
nation were noninvasive; 27 of the 36 invasive tumors
(75%) measured <1 cm (55). A nonsurgical option for
occult primary breast cancer is observation, with or
without irradiation. In patients who have undergone
axillary biopsy/dissection and observation alone, the
reported incidence of subsequently obvious breast carci-
noma is 14% to 53% (49, 55). These figures contrast with
others pertaining to women who have axillary nodal
dissection and RT to the breast. In this group, the
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incidence of subsequent clinically manifest breast carci-
noma is 12% to 33% (56–58). In patients who do not
undergo mastectomy, the addition of RT has a significant
impact on survival as compared with women who are only
observed (83% vs. 50%, respectively; p¼ 0.001) (52).

Prognosis and Survival

No significant survival difference is appreciated in
comparisons of axillary nodal CUP patients who undergo
mastectomy versus those who have breast preservation
and RT (75% vs. 79%, respectively) at five years. The
second treatment option is therefore a reasonable alter-
native for these patients (53).

n CUP METASTASES IN INGUINAL
LYMPH NODES

Incidence and Workup

Metastatic carcinoma presenting in inguinal lymph nodes
from an unknown primary source accounts for 1% to
3.5% of patients with CUP (59). Patients in this group are
epidemiologically similar to others with inguinal meta-
stases from clinically obvious primary lesions, with a
median age of 50 to 59 years. The most frequent
presenting symptom is a painful inguinal mass. The
diagnostic approach includes a thorough historical survey,
physical examination, chest radiography, and serum
biochemistry (60). Further diagnostic modalities include
an upper gastrointestinal (GI) barium series, barium
enema, proctosigmoidoscopy or colonoscopy, cervical
and endometrial biopsies, and intravenous pyelography
(60). Other useful studies include endoscopic gastro-
duodenoscopy and cystoscopy (57). Common tumor types
that are identified in inguinal nodal biopsy specimens
include PDC-NOS, SCC, and adenocarcinoma (60).
A more detailed list of possible neoplasms is provided in
Table 4 (60).

Zaren and Copeland reported an M.D. Anderson
experience of 2232 patients with inguinal node metastases.
Primary sites of malignancy were clinically apparent in
2210 patients (99%) and were, in order of frequency, the
skin of the lower extremities, uterine cervix, vulva, skin of
the trunk, rectum and anus, ovary, and penis (60). The
three-year survival rate for the remaining 22 patients—with
inguinal CUP—was 50%. A primary source was identified
subsequently in only 1 of the 22 cases.

Curative therapy is available for carcinomas of the vulva,
vagina, cervix, and anus, even with regional lymph-node
involvement. If no primary tumor is identified, lymphade-
nectomy with or without postoperative RT to the inguinal
nodal basin may result in long-term survival (61).

Overall Survival and Locoregional Recurrence

A review of 56 patientswith inguinal nodalmetastases from
an unknown primary neoplasmwas published byGuarischi
et al. (59). Five-year survival for cases with inguinal disease
alone was statistically comparable to those with unilateral
inguinal and iliac-obturator nodal metastases. Both patient
groups had better survival than patients with systemic
disease. Zaren and Copeland reported that 7 of 22 patients
with inguinal nodal CUP had superficial inguinal node
dissections but no adjuvant therapy (60). The disease-free
interval in these patients ranged from 2 to 18 years, with an
average of 7.7 years. No patients in the subgroup treated by
superficial groin dissection died of their tumors, but those
treated by local excision alone showed a 40% two-year
overall survival.

n PERITONEAL CARCINOMATOSIS FROM CUP

Peritoneal Papillary Serous Carcinoma

In women, adenocarcinoma showing diffuse peritoneal
involvement usually originates in the ovary. Occasionally,
primary mammary or GI tumors can present with in the
same way, but that is distinctly less common. In some
womenwith abdominal carcinomatosis, however, an organ-
based site of origin cannot be identified (12, 62, 63).

n Table 4 Primary histologies identified in patients with
carcinoma metastatic to inguinal nodes

Melanoma 27.4%

Squamous carcinoma 23.9%

Adenocarcinoma 9.8%

Unclassified carcinoma 4.5%

Papillary serous carcinoma 4.2%

Transitional cell carcinoma 2.8%

Bronchogenic carcinoma 2.2%

Unclassified sarcoma <1%

Unclassified malignant neoplasms and 41 other rare malignancies

account for the remainder of primary sites identified

Note: Percentages based on histological examination of 2210 patients

with inguinal node metastases.

Source: From Ref. 60.
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The metastases in such cases often have the histological
features of papillary serous ovarian tumors, including
psammoma bodies. Disease is usually limited to the
peritoneal cavity, and the CA-125 level is commonly
elevated (>1000 U/mL) (6). This presentation has
therefore been termed primary peritoneal papillary
serous carcinoma (PPPSC) or “multifocal extraovarian
serous carcinoma.” The patients have a median age of
60 years, with no visible ovarian lesions. Some have had
prior oophorectomies.

Initial reports documented excellent responses in
small numbers of PPPSC cases that were treated with
exploratory laparotomy and surgical cytoreduction to
disease <1 cm, followed by cisplatin-based chemotherapy
as used for advanced ovarian cancer (64, 65). Those
results were subsequently confirmed in larger series
(Table 5) (11, 12, 21, 66). Rates of response ranged from
32% to 39%, and some patients had complete remissions
lasting for more than two years. Lele et al. (67) reported
on a group of 23 patients with PPPSC. Applying the
strategy of aggressive cytoreduction and cisplatin-based
chemotherapy, they observed 22% complete clinical
response with a median survival of 19 months and 26%
long-term survival. The response and survival statistics are
similar to those seen in cases of stage IIIB ovarian serous
carcinoma. Patients with PPPSC should therefore be
treated according to current guidelines for advanced stage
ovarian cancer.

Intraperitoneal Hyperthermic Chemotherapy

Sebbag et al. (68) reported on 15 cases of peritoneal
carcinomatosis from an unknown primary source, with
nonserous histological profiles. Diagnostic tests included
radiological studies and endoscopy of the upper and lower
GI tract, scintigraphy, mammography, ultrasonography,
and CT and MRI studies of the thorax, abdomen, and

pelvis. All patients were treated with cytoreductive surgery
(CS) and intraperitoneal hyperthermic chemotherapy. One
patient received intraperitoneal chemotherapy with cis-
platin prior to the administration of CS. The latter
procedure involved one or more of four peritoneotomy
approaches—greater omentectomy plus splenectomy;
lesser omentectomy with cholecystectomy; right and left
subphrenic peritoneotomy; and complete pelvic perito-
neotomy. Often, visceral resection of the gastric antrum,
right colon, or rectosigmoid colon was required to achieve
complete cytoreduction. The intraoperative intraperito-
neal chemotherapy was given at a temperature of 41˚C.
The drug regimens included mitomycin-C (Mutamycin,
Bristol-Myers Squibb, Oncology Division, Syracuse, NY)
at 12/5mg/m (2) or cisplatin at 50mg/m (2). Patients with
a significant amount of tumor remaining after surgery
were treated postoperating with additional cycles of
intraperitoneal chemotherapy using 5-fluorouracil
(Adrucil, Pharmacia and Upjohn Company, Kalamazoo,
MI) at 650mg/m (2). The first cycle was given in the first
five postoperative days.

Therewere fourwomen and 11men in the study,with a
median age of 49 years (range, 31–75 years). Five
individuals presented with acute or subacute abdominal
pain, whereas the other 10 had more indolent disease
manifestations, with hernias or increasing abdominal girth.
Therewas nodifference in survival according to themode of
clinical presentation. Four patients (27%) had a second-
look laparotomy after initial CS. The average operating
time was seven hours (range, 1.5–15 hours). Ten patients
(67%) received perioperative chemotherapy. Nine received
postoperative chemotherapy later on, which was intra-
peritoneal (n¼ 1), systemic (n¼ 7), or both (n¼ 1).
Four cases with an original diagnosis of peritoneal
mesothelioma were reviewed, and the pathological diag-
nosis was revised to that of peritoneal carcinomatosis from
an unknown primary source after immunohistochemical

n Table 5 Treatment of women with peritoneal adenocarcinomatosis of an unknown primary site (peritoneal papillary
serous carcinoma)

Study
No. of
Patients Treatment

Overall Rate of
Response

Complete
Response (%)

Disease-Free
Survival >24 mo

Median
Survival
(mo)

Strnad et al.

(11)

18 Surgical cytoreduction and

cisplatin-based chemotherapy

39 39 17 23

Dalrymple

et al. (12)

31 Surgical cytoreduction and

chemotherapy

32 10 6 11

Ransom

et al. (66)

33 Surgical cytoreduction and

cisplatin-based chemotherapy

13 9 17
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studies. Six patients had poorly differentiated peritoneal
adenocarcinomas and nine had mucin-producing adeno-
carcinomas. Six of the 15 tumors contained signet-ring
tumor cells. Three patients had serious complications,
represented by sepsis, significant neutropenia, and pulmo-
nary embolism. One individual required reoperation for
bowel ischemia. The overall morbidity was 27%. One
postoperative death occurred in a debilitated patient with
sepsis and long-standing intestinal obstruction. Mean
follow-up after CS was 14.4 months (range, 1–60 months).
Two patients developed distant metastases. At the end of
the surveillance period, 11were deadof disease (73%)and4
(27%) were alive, one with persistent disease. The overall
median survival was seven months after CS.

Peritoneal carcinomatosis with an unknown primary
tumor is a rare malignancy that is included in the CUP
category clinically. However, it is likely that this
malignancy has its origin in the peritoneal surface, like
peritoneal mesothelioma and Mullerian-type PPPSC. The
interrelationship between different primary peritoneal
malignancies is a puzzling issue. Peritoneal mesothelioma
has a spectrum of histological subtypes ranging from
sarcoma-like to epithelial (carcinoma-like) (Fig. 1) (68).
Figure 2 presents a clinical algorithm that can be followed
for the treatment of peritoneal carcinomatosis from an
unknown primary source.

n SINGLE-SITE METASTASES

Hepatic Metastases

Patients with CUP present with liver metastases in 30% of
cases (69). The evaluation of these patients is as described
earlier in this chapter. Additional information, such as a

history of cirrhosis or chronic infection with hepatitis B or
C virus, may assist in determining whether primary hepa-
tocellular carcinoma is also a consideration. Moreover, a
fluorodeoxyglucose PET (FDG-PET) scan can also be
helpful in evaluating extrahepatic disease. A previous
study on head-and-neck disease noted that FDG-PET
scans identified primary lesions in one-third of all cases
concerning CUPs. They also assisted in choosing biopsy
techniques, further diagnostic tests, and treatment (70).

Adenocarcinoma is the most frequent tumor type seen
in hepatic metastases in CUP cases (72). This diagnosis is
associated with a median survival of 5.9 months, accord-
ing to a study of 58 patients at the Sloan-Kettering Cancer
Center (72). A more recent review of 157 cases of hepatic
metastasis included seven of adenocarcinoma-type CUP
(76). Five of the seven patients underwent neoadjuvant
and/or adjuvant chemotherapy in addition to radio-
frequency ablation (RFA) or hepatic resection. Nine
lesions in all were treated, six with RFA and three with
hepatic surgery. The median diameter of the lesions was
5.4 cm (range, 1.3–15 cm). At nine months of follow-up,
one patient was alive with no evidence of disease, four
were alive with persistent tumor, and two had died. The
median disease-free survival was 6.5 months, with a
median overall survival of 9 months. The latter study
suggests that surgical intervention, either with RFA or
chemotherapy, might produce a survival benefit. More
highly powered studies will be needed in the future to
better clarify the role of local treatment.

Other publications have reviewed the role of hepatic
resection for noncolorectal nonneuroendocrine (NCNNE)
liver metastases in cases where the primary tumor was
treated and the liver metastases were excised. Many of

Sarcoma

Mesothelioma

PA

PSPC

DSRCT

Epithelial
tumors

Cystic mesothelioma

Mesenchymal Epithelial

F IGURE 1 Interrelationship between peritoneal surface malignancies,
sarcoma, and epithelial malignancies. Abbreviations: DSRCT, desmo-
plastic small round cell tumors; PA, peritoneal adenocarcinomatosis from
an unknown primary site; PSPC, papillary serous peritoneal carcinoma.

Peritoneal carcinomatosis

Biopsy

Negative workup for primary site

Papillary serous
carcinoma 

Cytoreduction to
minimal disease

(<1 cm) 

Cisplatin-based
chemotherapy

Adenocarcinoma

Cytoreductive
surgery and

intraperitoneal
hyperthermic

chemotherapy w/
MMC

Other histology

Treat according to
histology or modify
diagnostic workup

F IGURE 2 Clinical algorithm for management of peritoneal carcino-
matosis from unknown primary. Abbreviation: MMC, mitomycin-C.
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these studies suggest that hepatic resection may offer as
many as one-third of patients an opportunity for long-
term survival. The largest analysis was a retrospective
assessment of 1452 patients at 41 participating centers
(73). The study divided cases into three categories based
on five-year survival—favorable, intermediate, and poor.
Individuals in the first category generally comprised
patients with mammary, urological, and gynecological
primary carcinomas and they showed five-year survivals
of 41%, 48%, and 42%, respectively. There were
29 patients with hepatic CUPs, demonstrating a five-year
overall survival of 38%. Those with GI primary lesions
were placed in the intermediate category and had 15% to
30% survival at five years. Lastly, patients with lung or
head and neck primary lesions were assigned to the poor-
outcome category, with less than 15% five-year survival.
The potential additional benefit of chemotherapy was not
specifically addressed, but it was suggested that neo-
adjuvant treatment increased overall five-year survival for
all NCNNE liver metastases from 20% to 37%. This
information provides additional support for multidiscipli-
nary treatment by surgeons, medical oncologists, radiation
oncologists, and diagnostic radiologists, in this cohort of
CUP cases.

Management of hepatic lesions from CUPs has varied.
Hogan et al. published a review of 88 patients with
biopsy-proven hepatic metastases, accrued over a 10- year
period (74). The primary neoplasm was identified in 18%
of cases and was predominantly represented by adeno-
carcinoma (79.5%), as seen in the previous literature (69).
Among 16 patients who underwent surgical intervention,
chemotherapy, and/or radiotherapy, the median survival
was 49 days, compared with 52 days for other individuals
who had no such treatment. This difference is not
statistically significant (74).

Hemming et al. (75) studied 37 patients with
NCNNE-type hepatic metastases. They were stratified
into tumors of GI origin (pancreas, duodenum, gastric,
esophagus, and small bowel) and non-GI neoplasms
(renal, adrenal, testicular, ovarian, thyroid, breast, and
unknown origins). Hepatic resection produced a median
survival of 22 months and a five-year actuarial survival of
60% in the non-GI primary group and 0% in the GI
group. This was a significant difference in both univariate
and multivariate analyses. Unfortunately, only three
patients with CUP were included in the non-GI group
and their survival was not separately calculated.

There are no prospective randomized trials that have
compared different modalities of therapy for hepatic
metastases from CUPs, and published reports reflect small
numbers of cases. Currently, recommended management
includes a multidisciplinary review of therapeutic options
by surgical oncologists, medical oncologists, and radiation
oncologists. Hepatic metastases of CUPs are generally

considered to reflect the presence of generalized rather
than locoregional (e.g., portal venous-mediated) disease.
Local intervention mainly is represented by hepatic
resection when the clinical context allows it. RFA has
been used for patients with lesions in unfavorable
anatomic locations or others who are unable to tolerate
hepatic resection. Most individuals are given adjuvant
chemotherapy as well. Neoadjuvant chemotherapy may
be used in patients with potentially resectable lesions to
determine the biology of the disease prior to surgical
intervention. Multifocal intrahepatic cholangiocarcinoma
may be difficult to distinguish clinically from hepatic
metastases of CUPs (Fig. 3), and resection should be

F IGURE 3 This CT of peripheral intrahepatic cholangiocarcinoma
demonstrates multiple tumor nodules, simulating a metastatic tumor.

Liver metastases of UPT

H&P, Hemoccult, Labs, CXR, CT abdomen

Biopsy

Adenocarcinoma

EndoscopyERCP/EUS

CK20+/CK7+
(Pancreas, Biliary)

CK20+/CK7–
(Colorectal)

CK20–
(Heterogenous)

Symptomatic
evaluation only

F IGURE 4 Proposed algorithm for workup of primary tumor for liver
metastases from UPT. Abbreviations: UPT, unknown primary tumor; CXR,
chest X-ray; ERCP, endoscopic retrograde pancreatography; EUS,
endoscopic ultrasound.
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considered when the former is included in the differential
diagnosis. Further analyses will be necessary to clarify the
role of neoadjuvant versus adjuvant chemotherapy, as well
as RFA and resection in patients with isolated hepatic
metastases of CUPs. A proposed algorithm is presented
in Figure 4 to identify the primary tumor in liver meta-
stases from CUP (76).

BRAIN METASTASES. The number of brain meta-
stases is estimated to be 170,000 cases per year in the
United States. It is thought to be increasing because of
improved systemic therapy for carcinomas, which gen-
erates longer survivals. In addition, an improved sensi-
tivity for detecting cerebral metastases has been obtained
with MRI (Fig. 5). Brain metastases of carcinomas most
commonly originate in the lung, breast, colon, and
kidney (77).

Intracranial CUPs account for 10% to 15% of new
cases of malignant brain tumors (78). A retrospective
study of 47 patients with such lesions demonstrated a
median overall survival of 3.4 to 4.8 months, and it
included patients with extracranial disease as well (57%
of patients). Those with single brain lesions had an overall
survival of 7.3 months, in contrast with 3.9 months for
individuals with multiple secondary tumors. Surgical

resection was performed in 15 cases (11 with single
lesions and 4 with multiple). Of the remaining patients, 12
underwent stereotactic biopsy and 20 had a sampling of
extracranial sites for diagnosis. The tumor type was
adenocarcinoma in 31%, SCC in 9%, large cell undiffer-
entiated carcinoma in 9%, small cell carcinoma in 9%,
and other histological categories in 42%. Patients who
had surgical resection of their brain implants with
postoperative whole brain irradiation (WBRT) had a
median overall survival of 9.5 months, as opposed to
3.6 months for others who had WBRT alone (p¼ 0.0022)
(79). Additional retrospective studies also have reported
that overall survival is improved by surgical resection in
cases of solitary brain metastasis of CUPs (80).

The distribution of intracranial metastases generally
reflects blood flow; hence, 80% are located in the
cerebral hemispheres, most commonly in “watershed”
areas at the interface of the gray and white matter (81).
Symptoms of brain metastases are highly variable. Thus,
any patient with a history of malignancy and unex-
plained neurological changes should be examined
thoroughly with possible metastasis in mind.
Headaches are the presenting symptom in 40% to
50% of cases and are generally characterized as dull
and nonthrobbing; they can be associated with papil-
ledema. Seizures are the manifestation of metastasis in
10% to 20% of cases, and cerebrovascular accidents
occur in another 5% to 10%. Clinical evaluation now
generally includes contrast-enhanced MRI, because it is
more sensitive than CT scans (82). In general, searches
for the primary lesion should begin with radiological
examinations of the lungs (Fig. 6).

F IGURE 5 A large intracerebral metastasis is visible in this MRI of
the brain.

F IGURE 6 CT of the thorax shows a small nodule in the right lung
field—representing bronchogenic carcinoma—in a case where the
presenting clinical sign was metastasis to the brain.
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Surgery for metastatic disease in the brain is
performed to obtain local control of the lesions, to
provide a histological diagnosis, and to treat neurological
symptoms. Patients with biopsy-proven extracranial dis-
ease and high-quality imaging results showing probable
brain metastases do not generally undergo surgical
sampling of the latter. Otherwise, a stereotactic biopsy is
usually done before initiating therapy. In cases of brain
metastases of CUPs, external beam irradiation can extend
survival by 12 to 20 weeks and the use of oral steroids can
prolong it by 8 weeks (77). Definitive surgical therapy is
generally offered only if systemic disease is felt to be
adequately controlled.

In 1993, a retrospective review was reported of
56 patients seen at the M.D. Anderson Cancer Center,
who had presented with multiple brain metastases. They
were divided into two groups—those with multiple lesions
that were all resected, and others with one or more
metastases that were not surgically removed (83). An
additional group of individuals with single-site metastases
were matched for analysis of survival, recurrence, and
improvement in symptoms. Statistical analysis showed
that patients with multiple brain lesions that were
completely excised had a median survival of 14 months;
those with one or more unresected lesions had a median
survival of six months (p¼ 0.003). Subjects with only one
resected metastasis had a median survival of 14 months.
Recurrence rates in these groups were not significantly
different. Symptoms improved in 65% of patients with
multiple incompletely resected lesions, 83% of those with
multiple completely excised lesions, and 84% with single
resected metastases.

The study concluded that patients with multiple
completely excised brain lesions had similar survival times
and symptomatic improvement as others with solitary
resected metastases. Moreover, individuals in the second
group who had postoperative WBRT showed improved
survival, better quality of life, and decreased rates of
recurrence (84). In a multicenter randomized study,
Patchell et al. demonstrated a recurrence rate of 70% in
cases where resection was done alone after 43 weeks. Only
18% of patients who had incomplete excisions and WBRT
were alive at 48 weeks. The study concluded that subjects
with single brain metastases who were treated with WBRT
and surgical resection were less likely to develop intra-
cranial recurrence than others managed with resection
alone (78).

Additional therapeutic options now include stereo-
tactic radiosurgery. This treatment modality has been used
to extirpate lesions up to 4 cm in diameter, but it is most
effective at treating metastases measuring <3 cm. The
treatment is delivered through multiple cobalt sources or a
linear accelerator. Radiosurgery can be employed for
unresectable lesions, in patients unable to tolerate a

craniotomy, and for tumors that are resistant to tradi-
tional radiotherapy. A retrospective study of 135 patients
treated with linear accelerator–based radiosurgery dem-
onstrated improved survival at one and two years for
subjects with lesions <1 cm, compared with others who
had larger metastases (85).

Bone Metastases

Metastatic lesions in bone are the initial presentation of
CUP in 23% to 30% of patients (86). Osseous adeno-
carcinomatous metastases of unknown origin are third in
frequency for CUPs, behind metastatic adenocarcinomas
in the liver and lungs. Breast, lung, and prostate cancers
most commonly spread to the bones and constitute up to
96% of such cases (87). Survival varies in this cohort
based on the primary site, because some tumors are
sensitive to hormonal modulation. The most common
bony locations for metastases are the axial skeleton and
long tubular bones. Pain is the leading symptom, ranging
from dull aching to the severe lancinating pain associated
with pathological fractures.

F IGURE 7 A transmetastatic pathological fracture of the right humerus
is seen in this plain film, taken from a patient who later proved to have
adenocarcinoma of the lung.
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For the latter symptom, plain-film imaging of the
bone in question should be performed, and thoracic
anteroposterior radiographs and standard biochemical
blood tests obtained as well. Plain bone films generally
require lesions to measure at least 1 cm to be definitively
detected (Fig. 7). Radionuclide scanning with technetium-
99m methylene diphosphonate is reportedly more sensi-
tive, and it can visualize lesions as small as 2mm (Fig. 8).
In recent years, FDG-PET imaging has been used as an
alternative (88). This modality may alter treatment
protocols in up to one-third of cases with osseous CUPs
(70). After identifying a skeletal lesion, a tissue diagnosis
is usually pursued. The most favored technique is core-
needle biopsy of a readily accessible lesion. During biopsy,
cultures for mycobacteria and fungi are recommended,

because osteomyelitis can simulate bone tumors radio-
graphically. In regard to tumor markers, one study
concluded that prostate-specific antigen is the only useful
analyte in this context (87). Despite all investigative
measures, primary sites for metastatic carcinomas present-
ing in bone are elusive in 21% of cases (87).

The management of osseous metastases generally
takes the form of systemic treatment with hormonal
agents or chemotherapy, or local treatment with irradi-
ation and/or surgery. Generally, excision is reserved for
patients who require palliative relief of symptoms, others
who have lost the ability to ambulate, or individuals with
limited disease who have progressive symptoms and signs
despite chemotherapy and/or RT. Surgery is not indicated
in patients with a life expectancy of less than four weeks.
Moreover, individuals with prognoses of less than six
months are less likely to heal fractures after stabilization
(89). Restoration of the ability to ambulate has been
shown to prolong survival (90).

Nonoperative interventions generally include braces,
splints, or hard collar devices to stabilize the affected bones.
Operative procedures comprise fixation or prosthetic
replacement (Fig. 9). Patient selection for surgery should
include careful assessment of additional comorbidities,

F IGURE 8 Technicium-99 bone scan, demonstrating innumerable
bony metastases in a patient with renal cell carcinoma.

F I GU R E 9 Pin-fixation of an intraosseous metastasis of breast
carcinoma.
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overall life expectancy, and the anatomic region of
intervention. In a small series from Hong Kong, surgical
spine stabilization resulted in an improvement on a visual
analog pain scale from 9.3 to 1.9, and produced a mean
survival of 13.1 months; one patient was alive after two
years (90). Other studies concerning bone metastases from
known primaries have demonstrated successful implanta-
tion of prosthetic joints; patients in these analyses some-
times survived for two or more years and had lessening of
pain (91). In conclusion, subjects with osseous metastases
from CUPs should undergo a thorough evaluation, biopsy
of the lesions, and individualized care devised by a
multidisciplinary team. Surgical intervention is appropri-
ate for palliation of symptoms and to enable continued
ambulation. Amputation has been reserved for distal
lesions below the knee or elbow in patients without
evidence of systemic disease (92).

n CONCLUSIONS

The overall prognosis for patients with metastatic CUP is
poor, but there are certain subsets that can be treated
successfully. Those cohorts can be further refined with
regard to those for whom surgical intervention has a
therapeutic role. Resection of metastatic lymph-nodal
disease from CUP is well described, and node dissection
can be part of a multimodality treatment approach
including RT and chemotherapy. Peritoneal carcinoma-
tosis from CUP has a biological profile that is similar to
that of metastatic ovarian cancer. In this setting, the
application of aggressive CS, followed by systemic or
intraperitoneal chemotherapy appears to be effective. The
resection of single metastases from CUPs in various organs
is mainly based on limited retrospective case series.
Outcomes have been variable and the benefit of a localized
approach needs to be judged on a case-by-case basis after
review by a multidisciplinary oncology team.
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n GENERAL CONSIDERATIONS

Metastasis of unknown origin (MUO) is typified by
secondary tumor deposits due to an unknown primary
site, despite a comprehensive diagnostic work-up. It is an
umbrella term that encompasses any metastatic neoplasm
for which the anatomic site of origin is unidentified. In
the most common scenario, the tumor type is epithelial,
and the syndrome is therefore termed carcinoma of
unknown primary (CUP); however, other examples of
MUO may represent melanomas, sarcomas, or other
malignancies that are so poorly differentiated as to be
truly unclassifiable. The overall incidence of CUPs
among all malignancies varies from 4% to 10% (1). In
2003, the incidence in Canada was 19.5/100,000 in
males and 14.0/100,000 in females. The overall incidence
was 3% of all malignancies, a figure that has been stable
over a 10-year timespan from 1993 to 2003 (2). The U.S.
National Cancer Institute also quotes a similar figure for
CUPs (3). Survival rates for patients with such lesions are
generally extremely poor, and many individuals succumb
very quickly.

An autopsy may well be requested in such cases in an
attempt to identify the site of origin. On an individual
basis, identification of the primary tumor can provide
closure for family members, but it also supplies important
information to physicians who were involved in the care

of the patient. Correlation of autopsy findings with
antemortem investigations and results of radiologic
studies are important quality-assurance measures.
Depending on the primary tumor site—if it is determi-
nable—and other clinical findings, there may be genetic
implications for other family members, and a discussion of
risk factors such as smoking, diet, and sun exposure may
be appropriate. On a larger scale, autopsy series have
provided valuable and wide-ranging epidemiological
information on this group of tumors.

The autopsy has been an important tool in the
evolution of our understanding of disease in general.
Anatomical dissections were carried out in ancient
civilizations, but the significance of the findings that
were uncovered was not understood, and they were
usually interpreted in the context of the prevailing
religious beliefs of the time (4). In the 1700s, Giovanni
Batista Morgagni (1682–1771) performed over 700
autopsies and correlated clinical symptoms with patho-
logic findings. This led to a better understanding of
conditions such as coronary artery disease, lobar
pneumonia, and various malignancies. Subsequent physi-
cians such as Baille (1761–1823), Rokitansky (1804–
1878), Virchow (1821–1902), and Le Tulle (1853–1929)
continued to correlate pathological conditions with
clinical findings, and they more firmly established the
value of autopsy technique as we know it today (4). A
great deal of cumulative medical knowledge has been
acquired since then, and much of it can be attributed to
discoveries and observations made at autopsy. Despite
this important and auspicious past, the medical autopsy
rate has plummeted from 50% in the 1950s to 5% or
less in most centers today (5).

The reasons generally cited to explain the low
hospital autopsy rate include advances in medical
diagnostic technology, a lack of education and experi-
ence regarding the value of the autopsy, concern
regarding the transmission of infectious diseases, worries
about litigation, and the objections of family members
(5). A recent study examining physicians’ attitudes



toward the autopsy as a medical tool, however, found
that most physicians are not particularly concerned
about possible litigation stemming from unexpected
findings at autopsy. In that survey, doctors who had
been in practice for several years were more likely to
have a strong belief in the relevance of autopsies than
were younger physicians (5). That fact is likely related to
a lack of exposure of young practitioners to necropsies.
This is unfortunately a self-perpetuating problem, be-
cause low autopsy rates further diminish such familiarity.
In spite of the global decrease in hospital autopsy rates,
recent studies have ironically reaffirmed the value of
autopsy in medical practice today (6, 7). The problem-
oriented autopsy is especially encouraged, wherein
attending physicians provide a clinical summary to the
pathologist and raise specific questions to be answered at
postmortem examination. In this scenario, the autopsy
has been shown to be capable of answering 88% to 93%
of the clinical questions that are posed (8).

Unfortunately, in most current health care settings,
little time is provided for postmortem examinations.
Shortages of professional and technical staff in pathology,
the increasing volume and complexity of clinical practice,
and fiscal constraints are all factors that conspire to make
it difficult to perform autopsies. This is true even when
complicated and puzzling clinical scenarios are encoun-
tered and a problem-oriented autopsy would be educa-
tionally beneficial.

One of the most challenging problems in clinical
medicine is the scenario of a malignant tumor for which
there is no identifiable primary site. Therapeutic decisions
are typically made with the origin of a malignancy in
mind; thus, in the absence of such knowledge, treatment
choices are made more difficult. Postmortem investiga-
tions collectively have produced important contributions
to our understanding of CUPs. They hopefully will
continue to do so in the future, in order to improve
therapy and ultimately enhance survival rates of patients
with this peculiar set of tumors.

n POSTMORTEM STUDIES

Limitations of Postmortem Data

In order to better understand the scenario of CUP, large
studies that can document trends and patterns are
necessary. Ideally, prospective standardized assessments
would provide the most solid information; however, in
any one center, these are difficult to undertake because of
small volumes of cases and the subsequent length of time
required to accrue sufficient data. Therefore, all of the
data from autopsy studies pertaining to CUPs is princi-
pally retrospective.

Selection bias is one of the most important limitations
in these types of investigations. Although one might
anticipate that an autopsy would frequently be requested
in cases of CUP, the actual percentage of patients who die
of CUP and are necropsied is probably low. In one study
where this figure was reported, 11.5% of patients dying of
CUP had an autopsy performed (9). Patients with CUP
who are not autopsied may have similar demographics
and characteristics as those who are, but there has been no
specific analysis to compare the two groups. In addition,
the true incidence of patients with CUP could be under-
represented in cancer registries, because primary sites of
tumor are often assigned to patients based on the clinical
scenario and “best available evidence,” but without
definite proof (9).

In light of the low incidence rate of CUP in general,
any one study investigating this problem must span a
number of years in order to collect sufficient numbers of
cases. The time periods included in major retrospective
studies in the English literature have ranged from 7 to 21
years; collectively, they span the years 1959 to 2000
(Table 1). During this period, however, significant
changes in the field of immunohistochemistry (IHC) have
occurred; thus, findings documented in autopsies that
were done 20 or 30 years ago may not be completely
relevant to current cases. Furthermore, in the past seven
years, additional IHC markers have become available and
are in widespread use. For example, the use of thyroid
transcription factor-1 (TTF-1) (Fig. 1), an immunohisto-
chemical marker for malignancies of lung and thyroid
origin, was reported in 1996. This determinant entered
general clinical use by the early 2000s (10). Therefore, by
the very nature of the time periods they encompass, many
studies on CUP are outdated in regard to current stand-
ards of pathology practice for assessing tumors of
unknown origin.

Moreover, as a result of the retrospective nature of
the investigations, there is an inherent lack of stand-
ardization. Even though autopsy techniques are, in
general, universally similar, variable practices exist from
center to center or pathologist to pathologist. For
example, there may be variations in the amount of
tissue sampled from organs that macroscopically show
no abnormality. Although there are some limitations on
this point, more generous sampling is obviously more
likely to detect microscopic lesions that are not apparent
macroscopically.

Retrospective Postmortem Studies

Despite the limitations of retrospective studies, a large
amount of data has still been obtained from postmortem
investigations of large groups of patients over time. In the
English literature, six retrospective autopsy studies on
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CUP of this type were published from 1980 to 2007
(Table 1). The number of cases in each series ranged from
18 to 302. In some of these analyses, examples of “CUP”
were included in which the primary tumor had been
identified during life and subsequently confirmed at
autopsy; however, the majority of cases were true CUPs
in which the anatomic origin of the neoplasm was
unknown at the time of death. The mean age of the
patients studied was 61 years, but there may very well be a
selection bias pertaining to this figure; experientially, it is
more likely that autopsies will be requested for younger
patients. The male-to-female ratio ranged from 1.1–1.4:1
although in one study (from France), it was 3:1 (12).
Apart from this latter statistic, these data generally
correspond to population-based statistics on cancer,
showing that males are slightly more likely than females
to have CUP (2, 3). Such information suggests that, in at
least one aspect, the demographics of the patients
studied at autopsy are similar to cases in which a necropsy
is not performed.

The autopsy was successful in identifying a primary
site for CUP in 51% to 79% of cases. The most common
anatomic origins were the lungs, pancreas, and gastro-
intestinal and biliary tracts, followed, in smaller numbers,
by the kidneys and liver (Table 2). These organs accounted
for >50% of all primary sites for CUPs (Figs. 2–4).
Pancreatic carcinoma, which has a relatively low incidence
rate (approximately 3%) (2), was, in contrast, one of the
most common forms of CUP. The pancreas and biliary
tract are still difficult areas to image and sample during
life; therefore, small tumors there may escape detection.
Lung carcinoma, the second most common malignancy
in both men and women (2), was also one of the most

frequently detected primary tumors at autopsy in CUP
cases. With the use of TTF-1 on premortem biopsy
samples, it will be interesting to see if this fact is altered in
future autopsy studies on CUP (because TTF-1-positive
tumors would no longer be regarded as “CUPs”).
Other less common primary sites, representing 5% or
less of identified tumors at autopsy included the adrenals,
thyroid, breasts, ovaries, oropharynx, liver, testes,
and mediastinum (Fig. 5).

It is difficult to make comparisons between autopsy
studies of CUP because they all spanned a considerable
period of time and were, in large part, overlapping. There
were, however, slight differences between them. For
example, in some earlier studies, there was a tendency
toward a higher percentage of primary tumors in the
prostate or mesothelium, but these were not frequently
seen in later series. This may again be related to
improvements in the specificity of serum cancer markers
[e.g., prostate-specific antigen (PSA)] as well as immunos-
tains [PSA, various markers for mesothelioma (calretinin,
WT-1, and podoplanin)].

It is worth considering that even the most recent
autopsy study on CUP only includes cases accessioned up
to the year 2000. In the past seven years, pathologists
have seen a variety of new tissue markers besides TTF-1
and others just mentioned, for the identification of tumor
origins. Some of these include Hep-Par1 for tumors of
hepatic origin, renal cell carcinoma-antigen (RCC-Ag)
for renal neoplasms, CDX2 for tumors of gastrointestinal
origin, and monoclonal antibodies against various
mucins to distinguish between mucin-producing adeno-
carcinomas of various anatomic sites (15, 16). It is likely
that the availability of these markers has increased

n Table 1 General information: retrospective autopsy studies

Study
Year of Publication and Time

Span of Study
Number of Autopsy

Cases Studied
Mean
Age

Male:Female
(%)

Primary Tumor
Identified (%)

Jordan and Shildt (11) 1985 (1971–1981) 18 58 59:41 (1.4:1) 72

Le Chevalier et al. (12) 1988 (1959–1980) 302a 53 75:25 (3:1) 79

Maiche (13) 1993 (1981–1988) 64 62 57:43 (1.3:1) 67

Mayordomo et al. (14) 1993 (1974–1990) 43 62 55:44 (1.3:1) 79

Blaszyk et al. (9) 2003 (1984–1999) 64 64 53:47 (1.1:1) 55

Al-Brahim et al. (1) 2005 (1980–2000) 53 66 59:41 (1.4:1) 51

aIn 82 of these patients, the primary site was identified antemortem and confirmed at autopsy. The number of cases that came to autopsy with no

known primary at the time of death was 220.

CH A P T E R 1 3 � Postmortem Validation Studies of Carcinomas of Unknown Origin 243



our ability to identify and subtype CUPs during life,
but it may take additional years of study to see if this
fact has an effect on cancer statistics and trends. One
series assessed the percentage of CUP cases studied at
autopsy in which histochemical or immunohistochemical
studies were instrumental in pinpointing a primary site
(1). It found that 85% of cases were amenable to
determination of the tumor’s anatomic origin simply by
macroscopic and routine microscopic examination. This
observation emphasizes the fact that, even in the absence
of special investigations, necropsy is a successful tool
in the identification of primary sites for CUPs. There
have been no analyses to date that have assessed whether
the growing repertoire of immunostains will alter
such statistics.

Other tumor types besides carcinoma have been less
commonly encountered in autopsy series on MUO
(Table 2). Lymphoma accounted for up to 7% of
cases in one study (14). This percentage represented
three cases in which a premortem diagnosis of
“undifferentiated neoplasm” was revised to one of non-
Hodgkin’s lymphoma at autopsy. In each of the cases,
biopsy specimens had been suboptimal or were taken from
an unusual site (for example, the pleura). This finding
underscores the need for good tissue samples for accurate
surgical pathological diagnosis. In general, with the
current availability of flow cytometry and specific
immunostains for hematopoietic neoplasms (Fig. 6), the
diagnosis of lymphoma is virtually always possible during
life. Hence, the scenario described above would be
unusual indeed in modern practice. In regard to other
noncarcinomatous tumor types in MUO cases, melanomas
were found in four of six studies, ranging from 2% to 4%
of cases; mesotheliomas were seen in three of the six
studies, accounting for 2% to 5% of cases; and sarcomas
were identified in three of six studies, representing 2% to
3% of cases.

Investigation of the clinical presentations of CUPs has
failed to yield distinctive patterns that correlate with the
anatomic sites of subsequently identified primary tumors.
Clinical signs and symptoms are often related to the
presence of metastases, rather than being indicators of
tumor at the primary site (1). General deterioration (e.g.,
cachexia, malaise) was a common part of the presentation
of CUPs, as well as respiratory or digestive-tract symp-
toms. Solitary lymph node enlargement was seen in a
smaller number of cases (14). The causes of death in most
CUP patients are similar to those of other individuals who
die of disseminated malignancy with a known primary
source. Respiratory insufficiency, gastrointestinal bleed-
ing, cachexia, thromboembolism, and myocardial infarc-
tion are commonly seen terminal events (14).

Information concerning risk factors for malignancy in
CUP cases is limited. In one study, 64% of the patients
had a history of smoking (9), reaffirming that it is an
important carcinogenic addiction.

Serum markers are frequently obtained premortem in
many CUP cases, and they may sometimes be helpful as
indicators of the likely primary site (see Chapter 6). Tumor-
selective molecules such as PSA, thyroglobulin, chromog-
ranin-A, and others may be useful if their levels in serum are
elevated. However, not all neoplasms secrete or release the
proteins they synthesize into the bloodstream. Furthermore,
it is possible for tumors to secrete ectopic proteins that are
not usually made in a particular primary site. As an
example, synthesis of PSA by a nonprostatic small cell
neuroendocrine carcinoma has been reported (17). This
phenomenon may well result in erroneous classification of
tumors if there is no histologic correlation. Prostatic acid

F IGURE 1 (A) Gross photograph of small peripheral adenocarcinoma
of the lung, found at autopsy. (B) Immunoreactivity is seen in the tumor
cells for thyroid-transcription factor-1, a marker of thyroid and pulmonary
epithelial differentiation.
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phosphatase is not commonly used as a serum marker
today, but in one early study, it was found to be elevated in
some patients who did not have prostatic carcinoma at

postmortem examination (12). Other serum markers such
as carcinoembryonic antigen, b-human chorionic gonado-
trophin, and a-fetoprotein are not specific for any given

n Table 2 Most common primary sites and pathology of CUP

Study Most Common Primary Sites Most Common Pathology

Jordan and Shildt (11) Lung, 28%

Pancreas, 17%

Gastric, 11%

Biliary tract, 11%

Mesothelium, 5%

All cases were adenocarcinomas

(except for one case of

mesothelioma)

Le Chevalier et al. (12) Pancreas, 35%

Gastrointestinal tract, 7%

Lung, 6%

Prostate, 5%

Adenocarcinoma, 45%a

Undifferentiated carcinoma, 28%

Squamous cell carcinoma, 15%

Embryonal carcinoma, 4%

Sarcoma, 3%

Melanoma, 2%

Other (not specified), 3%

Maiche (13) Lung, 20%

Kidney, 9%

Gastrointestinal tract, 8%

Pancreas, 6%

Liver, 5%

Adenocarcinoma, 34%b

Squamous cell carcinoma, 31%

Anaplastic carcinoma, 28%

Melanoma, 4%

Sarcoma, 2%

Clear cell carcinoma, < 1%
Mucocellular carcinoma, < 1%

Mayordomo et al. (14) Biliary tract, 16%

Pancreas, 14%

Lung, 12%

Liver, 7%

Lymph nodes (lymphoma), 7%

Adenocarcinoma, 53%

Undifferentiated carcinoma, 11%

Squamous cell carcinoma, 7%

Lymphoma, 7%

Hepatocellular carcinoma, 7%

Neuroendocrine carcinoma, 7%

Mesothelioma, 5%

Melanoma, 2%

Blaszyk et al. (9) Pancreaticobiliary, 20%

Gastrointestinal tract, 14%

Lung, 13%

Adenocarcinoma, 77%c

Undifferentiated carcinoma, 12%

Squamous cell carcinoma, 5%

Neuroendocrine carcinomas, 4%

Sarcoma, 1%

Al-Brahim et al. (1) Lung, 30%

Large bowel, 22%

Pancreas, 15%

Stomach, 11%

Gallbladder, 7%

Adenocarcinoma, 70%

Small cell carcinoma, 11%

Undifferentiated carcinoma, 6%

Anaplastic carcinoma, 6%

Squamous cell carcinoma, 2%

Melanoma, 2%

Mesothelioma, 2%

Neuroendocrine carcinoma, 2%

aThese percentages include 82 cases where the primary site was identified antemortem.
bThis percentage includes 45 cases in which there was no autopsy, but in which there was tissue available for histological examination.
cThese percentages are based on 57 cases in which the diagnosis was made antemortem. Autopsy agreed with the antemortem diagnosis is 98% of cases.
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primary site. Hence, elevations of such determinants have
correlated only very variably with the locations of primary
tumors found at autopsy. This has led some authors to
conclude that these proteins are not useful in delineating the
origin of CUPs (12, 13).

There is an inherent expectation that the increasing
sensitivity of diagnostic imaging, in conjunction with
newer radiographic modalities, will improve the identi-
fication of primary tumors in CUP cases. Several reasons
exist, however, to invalidate this assumption. No matter
how sophisticated they are, diagnostic imaging methods
cannot find all small tumors or those in locations that are
inherently difficult to visualize. Tumors of the pancreas
and biliary tract consistently represent relatively common
primary neoplasms in CUP cases, as first discovered at
autopsy. Yet, ultrasonography and computerized tomog-
raphy (CT) have failed to identify them during life (14).
The role of endoscopic retrograde cholangiopancreatog-
raphy has not been specifically addressed in most studies
on CUPs. It is an invasive procedure and would not likely
be undertaken if the patient did not have specific
symptoms related to the pancreas or biliary system.

Moreover, although radiological studies may demon-
strate imaging abnormalities, biopsy tissue obtained from
the areas in question may not be able to determine
whether a tumor seen therein represents the primary lesion
or a metastatic deposit. One study found that only 30% of
lung nodules that were felt to be primary on the basis
of radiologic studies were ultimately proven to be of
pulmonary origin (12). In other words, the majority of
those tumors were metastases from extrathoracic sites.
Nevertheless, that study was undertaken before the
availability of TTF-1 and other markers that help in
defining a carcinoma as pulmonary in nature, and if it
were repeated today, different results might be obtained.

Radiologically identified abnormalities must be con-
firmed by biopsy procedures to obtain tissue samples.
If the specimens that are obtained prove to represent
a benign neoplasm or a nonneoplastic process,
further investigations are necessary. Patients with CUP
generally have a short survival and may be medically
unstable. Thus, there is often no time for extensive
radiological or endoscopic procedures intended to detect
a primary site.

All autopsy series to date have shown that adenocarci-
nomas are the most common histologic type of CUP,
followed by squamous cell carcinoma and undifferentiated
or anaplastic carcinoma in most studies (Table 2).

Lung
Pancreas
GI-Liver
Other *

GI = Gastrointestinal tract
Other = Adenocarcinomas of kidney, prostate, and breast,
+ neuroendocrine carcinomas of nonpulmonary/pancreatic/
gastrointestinal origins

F IGURE 2 Summary of the most common primary sites for carcinoma
with unknown primary, as identified at autopsy.

F IGURE 3 (A) Radiograph of bone-predominant metastatic carcino-
matosis, extensively involving the skull. (B) A primary tumor was found in
the kidney at autopsy.
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Neuroendocrine carcinoma was identified in three of six
studies and represented between 2% and 7% of cases
(Fig. 7) (1, 9, 14). Other carcinoma histotypes, such as clear
cell, mucoepidermoid, and germ cell, were occasionally seen
(see Chapter 3). Where a premortem histological diagnosis
has been available in CUP cases, correlation with autopsy
findings has been variable. One study found a 98%
concordance (9); however, in another series, it was only
65% (1). In some instances, disagreements in diagnosiswere
due to inadequate or suboptimal biopsies, but in others,
significant interpretative revisions occurred even when
premortem tissue samples were satisfactory. No specific

F IGURE 4 (A) Metastatic carcinoma is seen in the vertebrae in this
radiograph, from an elderly man with back pain. At autopsy, the osseous
lesions were confirmed (B), and a primary hepatocellular carcinoma was
discovered (C).

F IGURE 5 (A) Multiple metastatic lesions are seen in this MRI of the
brain, taken from a middle-aged woman who presented with headaches.
At autopsy, an invasive ductal adenocarcinoma of the left breast was
found (B), measuring 7 mm in greatest dimension, which had eluded
detection by mammography.
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pattern was seen in such discrepancies; in one study, 12 of
17 diagnoses of undifferentiated carcinoma were revised at
autopsy to others including non-Hodgkin’s lymphoma,
neuroendocrine carcinoma, hepatocellular carcinoma, mes-
othelioma, and melanoma (14). In another series, varying
degrees of diagnostic change occurred, such as altering an
interpretation of undifferentiated carcinoma to one of
melanoma or mesothelioma, anaplastic carcinoma to
adenocarcinoma, and poorly differentiated carcinoma (not
further specified) to neuroendocrine carcinoma (1). This
information once again affirms the value of necropsies in
corroborating the tumor types in CUP cases.

The clinical outcome in patients with CUP is
unpredictable, as it depends on a variety of factors, but
in general, it is poor, as mentioned earlier. In the
postmortem studies done to date, median survival after
presentation has ranged from 1 to 15 months (Table 3).
However, those patients who received some form of

treatment, irradiation or chemotherapy or both, did have
longer survivals than those who were untreated. Some
data have suggested that outcome is influenced by tumor
histology. Although the numbers of cases are small,
combined treatment (radiation and chemotherapy) of
adenocarcinomas has shown some tendency toward
longer survival as compared with similarly managed
poorly differentiated carcinomas of other types (9, 11).
The tissue burden of metastatic disease also correlates
with survival. In one study, five-year survival rates for
treated patients with metastases that were limited to
cervical lymph nodes was 47%; in others who also had
metastatic deposits in nodes outside the neck, it was 36%
(13). In contrast, for patients who have metastases in
many organ sites, the median survival is only nine months
(13). The pattern of secondary disease may also impact
survival. In one series, patients with liver or brain
metastases had a worse outcome than others with lymph

F IGURE 6 (A) The image of large cell non-Hodgkin’s lymphoma may
closely simulate that of undifferentiated carcinoma, melanoma, or
selected sarcomas. However, immunostaining for CD45 (B) is capable
of defining the hematopoietic nature of this tumor.

F IGURE 7 (A) Numerous metastatic lesions are present in this liver, as
seen at autopsy, from an elderly man who presented with general malaise
and weight loss. A small (6mm) primary parahilar pulmonary high-grade
neuroendocrine carcinoma (B) was found at necropsy. It had not been
detected radiographically.
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nodal or cutaneous metastases (12). Therefore, although
the median survival of CUP patients is generally short,
there are subgroups in which a better outcome is
achievable. Regardless of where the primary site of a
CUP may subsequently be found, the histologic type of the
tumor, the degree of its differentiation, the burden of
metastatic disease, and the distribution of metastases all
seem to be important parameters that affect the survival of
treated patients to some extent.

Autopsy studies have provided valuable information
on the tissue distribution of metastases in CUP cases
(Table 4). In retrospective investigations, the lymph nodes,
liver, and lungs were the main sites of secondary disease.
Nonetheless, many cases showed widespread metastases
that were present in multiple sites (13). The pattern of
metastasis in relation to the primary tumor site was
frequently atypical, compared with cases where a primary
neoplasm had been identified during life. For example,
when they presented as CUPs, pancreatic and hepatic
carcinomas tended to show a higher incidence of bone and
lung involvement, as compared with “ordinary” malig-
nancies of the pancreas and liver (11, 12). CUPs identified
as originating in the gastrointestinal tract manifested more
bone and brain involvement than alimentary tract
carcinomas typically exhibit (12). Similarly, in cases
where prostatic carcinoma was the source of a CUP, lung
and liver metastases were more frequent than would
otherwise be expected (Fig. 8) (12, 14). Up to 50% of
pulmonary carcinomas may involve the bones, but in some
series where CUPs were found to be of lung origin, osseous
metastasis was much less prominent (9, 11). Therefore, it

would appear that although CUPs may be small and evade
clinical detection, they have the ability to metastasize
widely and in atypical patterns.

n Table 3 Survival rates in patients with CUP

Study Median Survival Rates

Jordan and Shildt (11) 4 mo (treatment), < 3 mo

(no treatment)

Le Chevalier et al. (12) 5 mo (treatment and no treatment)

Maiche (13) 15 mo (combined chemo and

radiation), 11 mo (radiotherapy

alone), 3 mo (no treatment)

Mayordomo et al. (14) 1.4 mo (42 days, no treatment)

Blaszyk et al. (9) 7.5 mo (225 days, treatment); 2 mo

(57 days, no treatment)

Al-Brahim et al. (1) 1 mo (treatment and no treatment)

n Table 4 Common sites of metastases

Study
Most Common
Primary Site

Main Sites of
Metastases (%)

Jordan and

Shildt (11)

Lung, 28%

Pancreas, 17%

Gastric, 11%

Biliary tract, 11%

Mesothelioma, 5%

NS

Le Chevalier

et al. (12)

Pancreas, 35%

Gastrointestinal

tract, 7%

Lung, 6%

Prostate, 5%

Lymph nodes (37)

Lung (19)

Bone (13)

Brain (10)

Skin (9)

Liver (5)

Other (9)

Maiche (13) Lung, 20%

Kidney, 9%

Gastrointestinal

tract, 8%

Pancreas, 6%

Liver, 5%

Numerous sites (36)

Bone (23)

Cervical lymph

nodes alone (16)

Lymph nodes (10)

Brain (7)

Liver (5)

Lung (4)

Mayordomo

et al. (14)

Biliary tract, 16%

Pancreas, 14%

Lung, 12%

Liver, 7%

Lymphoma, 7%

Lymph nodes (77)

Lung (70)

Liver (58)

Blaszyk

et al. (9)

Pancreaticobiliary,

20%

Gastrointestinal

tract, 14%

Lung, 13%

NS

Al-Brahim

et al. (1)

Lung, 30%

Large bowel, 22%

Pancreas, 15%

Stomach, 11%

Gallbladder, 7%

Lymph nodes (64)

Liver (60)

Lung (38)

Adrenals (32)

Gastrointestinal

tract (25)

Bone (19)

Peritoneum (17)

Brain (17)

Abbreviation: NS, not stated.
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In light of this information, patterns of metastatic
disease may be misleading in directing a search for the
primary site (18). Furthermore, these findings add weight
to the idea that CUP may represent a distinct clinical
syndrome in which biological behavior differs from that of
“ordinary” carcinomas (ie, those that are detected during
life) that take origin in the same tissues or organs.

In all of the published autopsy studies on CUPs, a
subset of cases continued to elude detection of a primary
tumor, even after thorough postmortem examination. The
percentage of such cases varied from 21% to 49%. Some
authors noted that the detection rate of a primary tumor
was lowest for poorly differentiated carcinomas, not
further specified (9). The reasons for this fact may include
the existence of very small primary lesions that evade

visualization (perhaps even with complete involution);
a large burden of metastatic disease, which makes autopsy
identification of a primary site very difficult; and autolysis
of tissue after death, a change that degrades antigens and
markedly limits immunohistochemical investigations.

Postmortem Studies Focusing on a Specific Metastatic Site of CUP

Cases of CUP have also been evaluated based on their
dominant metastatic sites at presentation. The contribu-
tion of autopsy findings in those studies has been variable.
Many reviews have documented cases in which primary
tumors were diagnosed during life, but they included
comparatively fewer cases in which the tumor origin had
been undetermined after clinical investigation (ie, true
cases of CUP) and before autopsy. In one series that
evaluated CUPs presenting with bone involvement, the
primary tumor was recognized premortem in 30% of cases
and at necropsy in 35%; in the remainder, the site of
origin was undetermined (19). In the latter group,
approximately 70% of the patients died but no autopsy
was performed; the others were either alive with disease or
lost to follow-up at the time the study was done. In
autopsied cases, the lung was found to be the most
common site for the primary tumor. This observation
contrasts with data pertaining to patients who presented
with osseous metastases but had an identified primary
carcinoma during life. In this cohort, the breast was the
most common site for the primary tumors (19).

Such findings underscore the premise that tumors
presenting as CUPs have a different biology than others
that are histologically similar but obvious during life. In a
separate study that also focused on skeletal metastases, the
majority of cases (88%) involved a primary tumor that was
identified premortem (20). In patients in whom a primary
neoplasm was not identified during life (12%), an autopsy
was performed in four of six cases, and a primary tumorwas
identified in three: one lung carcinoma, one hepatocellular
carcinoma, and one bile duct carcinoma (20).

With regard to other predominant sites of metastatic
disease, another study assessed CUPs that presented as
intracerebral tumors. Among these, 27% of cases had no
primary lesion identified after clinical investigations (21).
Of the patients who died, autopsy was performed in 64%
of cases (9 of 14), but no primary site was identified in any
of them. A further study examined CUPs that manifested
as malignant ascites of unknown origin; the majority of
cases (80%) had an identifiable premortem primary
tumor, but in those that did not, autopsy was helpful in
defining the site of origin in 14% (22). In that series, the
most common primary tumor locations in women were
the ovaries, endometrium, and uterine cervix, whereas
men tended to have lesions of the colon, rectum, and
stomach (Fig. 9) (22).

F IGURE 8 (A) Multiple nodular metastases are seen in both lung fields,
in a chest radiograph taken froman elderlymanwhopresentedwith cough.
Percutaneous core biopsy of a pleural lesion (B); the tumor cells were
immunoreactive for prostate-specific antigen, establishingaprostatic origin
for the tumor.
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Assessment of Case Reports

There is very little generalizable information that can be
derived from published case reports, but they can provide
a spectrum of information concerning unusual clinical
presentations and evolutions. Individual cases are pub-
lished for a variety of reasons, including atypical clinical
findings or unusual tumor types, and therefore, they have
a very high selection bias. A Boolean Medline search using
the key words “autopsy/tumor/unknown primary,” and
spanning the years 1972 to 2007, yielded 171 articles from
the English and non-English literature; 15% of them were
case reports (Table 5). Almost half of these publications

were from the year 2000, and they therefore provide some
information about the role of autopsy during the specified
time period, albeit limited.

It is interesting to note that the most common sites of
identifiable primary tumor at autopsy were the pancreas,
biliary tract (including gallbladder), and gastrointestinal
tract, representing data that are not dissimilar from those
obtained in retrospective series. Furthermore, in some of
the case reports, an atypical pattern of metastasis was
noted. For example, a case of primary pancreatic
adenocarcinoma that was found at autopsy presented
clinically with neurological symptoms and intracerebral
metastases (41), and a primary cholangiocarcinoma
manifested as a metastatic deposit in a cervical lymph
node (44). In their “usual” clinical forms, pancreatic and
biliary tract tumors uncommonly involve either the brain
or lymph nodes outside the abdomen (18). Only two
examples of lung carcinomas that presented as CUPs were
documented in case-report formats (34, 40). In one of
them, premortem chest X-rays and CT scans showed
atypical features in the area of the thorax where the
primary tumor was ultimately identified, but these foci
were considered by the radiologist to be inflammatory
rather than neoplastic (40).

In approximately 30% of case reports on CUP, no
primary tumor was identified, even at autopsy (26, 39).
Disorders that altered normal anatomy (e.g., dysplasia or
cystic disease of the kidneys) (24, 42) also figured in
explanations of failure to recognize a primary tumor
during life in some reports. Uncommon sites of supposed
origin for CUPs (e.g., brain, adrenal) (28, 31) were also
reported, emphasizing the need to consider many unusual
anatomic locations in this context.

Consideration must also be given to the notion that
unusual tumors may be misidentified as CUPs. A recently
reported case of follicular dendritic cell tumor was
determined to be the primary neoplasm, rather than a
form of metastatic carcinoma, but that conclusion was
reached only after an autopsy excluded other possibilities
using extensive immunohistological and molecular inves-
tigations (46).

n SUMMARY AND FUTURE DIRECTIONS

CUP continues to be a diagnostic and therapeutic
challenge. Retrospective postmortem studies, as well as
case reports, have provided important information about
these tumors as a group and have confirmed the value of
autopsy examination in such cases (Table 6). In individual
instances, clinicians can direct their diagnostic efforts to
the statistically most common anatomical sites of origin
for particular tumor types, as identified in these studies.

F IGURE 9 (A) This CT of the abdomen was obtained from a 48-year-
old man who had vague abdominal discomfort, increasing girth, and
evidence of ascites on physical examination. It was interpreted as
showing diffuse peritoneal thickening, consistent with carcinomatosis.
Paracentesis and cytological examination confirmed the presence of
intraperitoneal adenocarcinoma. Although no source for the tumor was
discovered during life, a primary carcinoma of the hepatic flexure (B) was
found at autopsy.
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n Table 5 CUP autopsy case reports

Study Clinical Scenario Autopsy Findings

Nagelberg et al. 1985 (23) 39 yr female, 7 mo postpartum, pleural effusion,

positive free beta subunit of chorionic

gonadotropin

Widely disseminated poorly differentiated

epidermoid carcinoma, no primary site

identified

Shirai et al. 1986 (24) 33 yr female with bone metastases; antemortem

biopsy showed adenocarcinoma

Widespread carcinoma with origin in dysplastic

left kidney

Sunada et al. 1986 (25) 55 yr male, brain tumor and inguinal lymph

nodes, antemortem histology strongly

suggestive of amelanotic melanoma

No primary found

Bjornsson et al. 1986 (26) 10 yr female, no diagnosis antemortem Primary intracranial choriocarcinoma

Bak et al. 1987 (27) Multiple liver metastases Adenocarcinoid tumor of the appendix

Freeman et al. 1991 (17) Small cell carcinoma with unknown primary and

elevated PSA and PAP

No definite primary identified, prostate free of

tumor

Davila et al. 1993 (28) 38 yr patient with cranial nerve palsy and

seizures, diagnosis of leptomeningeal

carcinomatosis made on CSF exam

Leptomeningeal gliomatosis from astrocytoma

of the hippocampus

Weber et al. 1993 (29) 71 yr male, Salmonella enteritidis septicemia Bone marrow carcinomatosis, no primary site

identified

Sakamoto et al. 1994 (30) Not available (article in Japanese) Autopsy confirmed gallbladder primary in 2

cases of CUP

Sakai et al. 1994 (31) 63 yr female, bone marrow positive for malignant

cells

Malignant pheochromocytoma with metastases

to lungs, liver, and lymph nodes

Torne et al. 1995 (32) Widespread metastases to bone marrow and liver

in third trimester of pregnancy

Infiltrating lobular carcinoma from 1.5 cm

breast primary

Freidrich et al. 1997 (33) 66 yr female diagnosed with bone metastases

from presumed breast primary

Primary signet-ring gastric carcinoma

Ise et al. 1998 (34) 60 yr female with metastatic tumor to bone

marrow

Small focus of adenocarcinoma in the lung with

widespread metastases

Pospiech et al. 2000 (35) 59 yr female with carcinomatous meningitis No primary identified

Darvishian et al. 2002 (36) 35 yr male with familial visceral myopathy and

generalized signet-ring cell carcinomatosis

No primary identified

Nakatsuji et al. 2001 (37) Leptomeningeal carcinomatosis No primary identified

Kloos et al. 2002 (38) 75 yr female with erythrodermia and skin biopsy

showing pityriasis rubra pilaris, pleural

effusion positive for malignant cells

Suspected breast primary

(Continued)
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They often include the lungs, pancreas, biliary tree, and
gastrointestinal tract. The intensity of a search for the
primary site, however, must be balanced against the
overall clinical status of the patient and the relative value
of such information in future management. Without
treatment, the survival of CUP patients is generally poor,
emphasizing a need for quick and accurate evaluation of
biopsies obtained from metastatic deposits. Pathologists
who evaluate such samples should bear in mind the
relative likelihood of various primary sites, vis-à-vis the
clinical and histologic features of the lesions, and perform
appropriate immunohistochemical and molecular studies
as indicated.

Necropsy studies have confirmed that even if the
primary site of a CUP cannot be determined, information
concerning the type of tumor (i.e., adenocarcinoma,
squamous cell carcinoma, undifferentiated carcinoma,
etc.) is significant in terms of survival and treatment.
From a cost-effectiveness perspective, thorough pathologic
testing of biopsy samples is probably preferable to
extensive radiological investigation, which is time con-
suming and expensive.

n Table 5 CUP autopsy case reports (Continued )

Study Clinical Scenario Autopsy Findings

Ishihara et al. 2002 (39) 73 yr male with metastatic pulmonary tumors of

unknown origin

Esophageal squamous cell carcinoma in situ

with invasion and combined with

choriocarcinoma and mucoepidermoid

carcinoma

Sougawa et al. 2002 (40) 74 yr male, vertebral metastases of unknown

origin

Primary pulmonary adenocarcinoma

Yamada et al. 2002 (41) 62 yr male, brain biopsy showing mucinous

adenocarcinoma, no symptoms related to

pancreatic disease

Papillary adenocarcinoma in the pancreatic

head

Aita et al. 2003 (42) 71 yr female on long-term hemodialysis,

peritoneal metastatic carcinoma

Sarcomatoid collecting duct carcinoma of the

kidney with multicyst formation

Nabeshima et al. 2003 (43) 49 yr male with DIC, bone marrow metastases

of adenocarcinoma with signet-ring cells

Poorly differentiated adenocarcinoma with

signet-ring cells of the ampulla of Vater

Imamura et al. 2004 (44) 56 yr female with metastases to cervical lymph

node

Undifferentiated cholangiocarcinoma

Braeuninger et al. 2005 (45) 68 yr male, leptomeningeal carcinomatosis Gastric adenocarcinoma

Yakushijin et al. 2007 (46) 70 yr male with fatigue, anorexia, and abnormal

cells of unknown origin in bone marrow

Follicular dendritic cell tumor with involvement

of lymph nodes, liver, and spleen

Abbreviations: CSF, cerebrospinal fluid; CUP; carcinoma with unknown primary.

n Table 6 Summary of information obtained from
postmortem studies in cases of carcinoma with unknown
primary sites

Autopsy can identify site of primary tumor in 51–79% of cases

Most common primary sites identified are lung, pancreas,

gastrointestinal tract, and biliary tract

Pattern of metastases is atypical compared to known primaries of

the same site

Correlation of antemortem and postmortem diagnoses ranges

from 65% to 98%

Most common histological type of primary tumor is

adenocarcinoma followed by squamous cell and

undifferentiated carcinoma

Survival appears to be influenced by histological type of tumor

and burden of metastatic disease

Improved median survival seen in patients who receive treatment

(either combined chemotherapy/radiotherapy or radiation

alone), while untreated patients have an extremely short

survival (1–3 mo)
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In this era of low hospital autopsy rates, and in light
of data already available from published studies, one may
question whether further postmortem assessments of CUP
are necessary. Nevertheless, in individual cases, identifi-
cation of a primary site will provide family members with
an element of finality, concerning the reasons underlying
the death of a loved one. Moreover, discussion of risk
factors, and possibly genetic counseling, where appropri-
ate, may follow.

Autopsy data improve the accrual of cancer statistics
by identifying the primary sites of CUPs and also revising
antemortem diagnosis in some instances. Pathologists who
perform autopsies in specific CUP cases should sample
judiciously from high-yield anatomic sites, even when no
macroscopic lesion is identified.

Necropsy studies have strengthened the idea that
the biology of tumors in CUP cases may be different
from that of other tumors that originate from the same
sites but are clinically detectable. The relative patterns of
metastases are also often different. This information
suggests that CUPs can be viewed as distinct tumor
subsets, or perhaps as completely different tumor types, as
compared with their histological counterparts. Thus, in
the future, they may warrant very different therapeutic
interventions.

Additional studies should focus not only on the
identification of primary sites for CUPs but also on the
biological characteristics of such tumors that confer an
ability to metastasize early to atypical sites, with
aggressive behavior. If immunohistochemical or molecular
features can be found that identify specific subsets of
CUPs, it is possible that treatment strategies can be
targeted specifically to them. Molecular profiling of
CUPs has already been reported (see Chapter 7), and
it promises to be an important tool in the coming
years (47, 48).

There are a number of other reasons supporting the
continued use of the autopsy in cases of CUP (Table 7).
For one, they should be able to determine whether

improvements are realized in detection rates of primary
sites, using new immunohistologic and molecular markers.
As risk factors evolve and therapeutic strategies develop,
necropsy studies can document changing trends in the
biology of such neoplasms. A central national or interna-
tional registry of CUP patients, including demographic
data, selected risk factors, performance indicators, results
of laboratory and radiological investigations, treatment
details, survival, and postmortem findings, would be
useful. Furthermore, a consolidated tissue bank of these
tumors would greatly facilitate future investigations in
molecular and genetic realms. The ever-increasing em-
phasis on cancer diagnosis and therapy will hopefully
make these possibilities tenable in the future.
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