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Pheochromocytoma of the Adrenal Gland Scaled
Score (PASS) to Separate Benign From

Malignant Neoplasms

A Clinicopathologic and Immunophenotypic Study of

100 Cases

Lester D. R. Thompson, M.D.

No comprehensive series has evaluated the histologic features
of pheochromocytoma to separate benign from malignant pheo-
chromocytoma by histomorphologic parameters only. Fifty
histologically malignant and 50 histologically benign pheo-
chromocytomas of the adrenal gland were retrieved from the
files of the Armed Forces Institute of Pathology. The patients
included 43 females and 57 males, with an age range of 3-81
years (mean 46.7 years). Patients usually experienced hyper-
tension (n 79 patients). The mean tumor size was 7.2 cm
(weight was 222 g). Histologically, the cases of malignant
pheochromocytomas of the adrenal gland more frequently dem-
onstrated invasion (vascular [score = 1], capsular [score = 1],
periadrenal adipose tissue [score = 2]), large nests or diffuse
growth (score 2), focal or confluent necrosis (score 2),
high cellularity (score = 2), tumor cell spindling (score = 2),
cellular monotony (score 2), increased mitotic figures
(>3/10 high power fields; score = 2), atypical mitotic figures
(score 2), profound nuclear pleomorphism (score 1),
and hyperchromasia (score 1) than the benign tumors. A
Pheochromocytoma of the Adrenal gland Scaled Score (PASS)
weighted for these specific histologic features can be used to
separate tumors with a potential for a biologically aggressive
behavior (PASS =4) from tumors that behave in a benign
fashion (PASS <4). The pathologic features that are incorpo-
rated into the PASS correctly identified tumors with a more
aggressive biologic behavior. Application of these criteria to a
large cohort of cases will help to elucidate the accuracy of this
grading system in clinical practice.

From the Department of Endocrine and Otorhinolaryngic—Head &
Neck Pathology, Armed Forces Institute of Pathology, Washington,
DC, US.A.

Presented at the 90th Annual Meeting of the United States and
Canadian Academy of Pathology, Atlanta, Georgia, March 5-10, 2001.

The opinions or assertions contained herein are the private views of
the author and are not to be construed as official or as reflecting the
views of the Department of Defense.

Address correspondence and reprint requests to Lester D. R. Thompson,
MD, Department of Endocrine and Otorhinolaryngic—Head & Neck
Pathology, Building 54, Room G066-11, Armed Forces Institute of
Pathology, 6825 16th Street, NW, Washington, DC 20306-6000,
U.S.A.; e-mail: thompsonl @afip.osd.mil

551

Key Words: Adrenal—Pheochromocytoma—Malignant—
Benign—Grading—Prognosis.

Am J Surg Pathol 26(5): 551-566, 2002.

The term pheochromocytoma, a catecholamine-
secreting tumor arising from the chromaffin cells of the
sympathoadrenal system, was coined by Poll in 1905 to
describe the dusky (pheo) color (chromo) of the cut sur-
face of the tumor when exposed to dichromate.”® The
vast majority of pheochromocytomas arise from the
adrenal medulla where the largest collection of chromaf-
fin cells are found,?” whereas the term paraganglioma is
used for this same tumor in other anatomic sites (except
for the organs of Zuckerkandl where it is referred to as
extraadrenal pheochromocytoma). It is commonly ac-
cepted that the biologic behavior of pheochromocytomas
cannot be predicted on the basis of macroscopic or mi-
croscopic features alone. Indeed, without documented
metastatic disease (defined by the presence of tumor de-
posits in sites that normally do not contain chromaffin
cells to exclude multicentric disease), the prospective
diagnosis of a malignant pheochromocytoma has been
considered nearly impossible,?®:14:17:31-33.36-38.50" o
few authors'®!418:19.28.33.3545 haye suggested that necro-
sis, vascular invasion, extensive local invasion, and mi-
totic figures may indicate a malignant pheochromocy-
toma. Case reports and small series individually serve as
a valuable adjunct to understanding malignant pheochro-
mocytomas of the adrenal gland (MPA). Experience with
diagnosis and treatment of MPA remain limited because
a comprehensive analysis encompassing the use of clini-
cal, radiographic, histologic, immunochemistry, and
follow-up information applied to a group of MPA is, to
the best of my knowledge, absent from the literature
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(MEDLINE 1966-2001). Therefore, it is the intention of
this study to provide a comprehensive analysis of pheo-
chromocytomas encompassing the use of clinical fea-
tures, morphologic findings, immunophenotypic studies,
and patient follow-up information (including staging and
adjuvant therapies) applied to a group of 100 patients
with this tumor to better identify the parameters that may
assist in distinguishing benign from MPA and thereby
help to predict prognosis by applying the Pheochromo-
cytoma of the Adrenal Gland Scaled Score (PASS).

MATERIALS AND METHODS

The records of 777 patients with tumors diagnosed as
“pheochromocytoma,” “malignant pheochromocytoma,”
“pheochromocytoma with malignant features,” “pheo-
chromocytoma with atypical features,” and “atypical
pheochromocytoma” were identified in the files of the
Endocrine Registry at the Armed Forces Institute of Pa-
thology from 1970 to 1997. These 777 patients were
identified in a review of 7983 patients with benign adre-
nal neoplasms and primary adrenal or metastatic malig-
nant neoplasms to the adrenal gland seen in consultation
during this same time period. Fifty patients had tumors
diagnosed as MPA, representing 1.2% of the 4027 be-
nign or malignant primary adrenal gland neoplasms (no
metastatic tumors included) diagnosed during the above
reference period. The classification of “malignant” was
based on the histologic criteria and not on the clinical
behavior alone because 17 patients had a benign clinical
course and 33 developed pathologically documented
metastatic disease. As a point of comparison, 727 benign
pheochromocytomas were diagnosed during the same
time period. Only the first 50 patients in whom complete
follow-up of at least 10 years could be obtained were
histologically examined. Therefore, a total of 100 pa-
tients with pheochromocytomas (benign or malignant)
compose the subject of this study based on complete and
adequate follow-up information and hematoxylin and
eosin-stained slides to make a definitive diagnosis. Sixty-
five cases were obtained from civilian sources, including
university medical centers and foreign contributors, 25
cases from military hospitals, and 10 cases from Veter-
ans Administration medical centers.

Materials within the Institute’s files were supple-
mented by a review of the patient demographics (gender,
age); symptoms and physical findings at presentation
(diaphoresis, headaches, palpitations, weakness, syncope
or dizziness, anxiety, flushing, chest pain, nausea, hyper-
tension including paroxysmal type, vomiting, and weight
loss), including duration; and medical and surgical his-
tory (specifically related to a family history of similar
tumor development, or the presence of von Hippel-
Lindau disease, von Recklinghausen’s disease, neurofi-
bromatosis, or multiple endocrine neoplasia syndrome
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[MEN], i.e., nonsporadic cases). Laboratory values, spe-
cifically related to catecholamines (serum or urine) and
their various metabolites, were obtained when available.
In addition, we reviewed radiographic, surgical pathol-
ogy, and operative reports and obtained follow-up infor-
mation from oncology data services by written question-
naires or direct communication with the treating physi-
cian(s) or the patient. Follow-up data, available for all
patients, included information regarding tumor location,
presence of metastatic disease (local lymph nodes, dis-
tant lymph nodes, or other organ sites), treatment mo-
dalities used, and the current patient and disease status.
This clinical investigation was conducted in accordance
and compliance with all statutes, directives, and guide-
lines of the Code of Federal Regulations, Title 45, Part
46, and the Department of Defense Directive 3216.2 re-
lating to human subjects in research.

Hematoxylin and eosin-stained slides from all patients
were reviewed for morphologic assessment of MPA and
benign pheochromocytoma of the adrenal gland (BPA).
A number of macroscopic and histologic observations
were recorded for each tumor as follows: tumor weight
(in grams); tumor size (greatest dimension in centime-
ters) (Fig. 1); tumor encapsulation (presence or absence);
capsular invasion (Fig. 2); vascular invasion (Fig. 2),
defined by direct extension into the vessel lumen, intra-
vascular attached tumor thrombi, and/or tumor nests cov-
ered by endothelium identified in a capsular or extracap-
sular vessel (i.e., tumor plugs in vascular spaces within
the tumor mass did not qualify as vascular invasion) [no
distinction was made between veins or lymphatic chan-
nels for purposes of this study, and we did not require
that the exact point of penetration into a vessel be rec-
ognized to qualify as evidence of vascular invasion];
extension into the periadrenal adipose tissue; cell nests
(small, “zellballen-type” nests [Fig. 3] to large, confluent
nests [a “large nest” was defined as three to four times
the size of a “zellballen” or the normal size of the med-
ullary paraganglia nests; (Fig. 4) or diffuse growth; ne-
crosis (individual cell, focal [identified in the center of
large nests] (Fig. 4), or confluent and diffuse type, with
percent necrosis of the tumor area); fibrosis; degenera-
tive changes; calcifications; cellularity (subjectively di-
vided into low [greater amount of area accounted for by
a few cells with ample cytoplasm], moderate [interme-
diate between low and high], and high [greater amount of
area accounted for by many cells with a high nuclear-to-
cytoplasmic ratio); cytoplasmic quality (clear, baso-
philic, eosinophilic, amphophilic); tumor spindling
(when present, the percent of tumor area spindled) (Fig.
5 and Fig. 6, right); cellular pleomorphism (mild, mod-
erate, profound) (Fig. 6, upper left); cellular monotony;
nuclear hyperchromasia; pyknosis; nucleoli (defined as
>4 wm in diameter, eosinophilic-magenta, or irregular in
shape) (Fig. 6, upper left); intranuclear cytoplasmic in-
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FIG. 1. Macroscopic view of a malignant pheochromocy-
toma, demonstrating capsular invasion, hemorrhage, ne-
crosis, and multinodularity.

clusions; intracytoplasmic eosinophilic hyaline globules;
giant cells (present and type of giant cells; multinucleat-
ed, foreign body-type, osteoclast-type, or peculiar neo-
plastic cells) (Fig. 6, upper left); mitotic figures (number
of mitoses per 10 high power fields [HPF] [magnifica-
tion at x40 with a x10 objective lens using an Olympus
BX40 microscope]); atypical mitotic figures (present or
absent, and defined by abnormal chromosome spread,
tripolar or quadripolar forms, circular forms, or inde-
scribably bizarre) (Fig. 6, lower left); brown fat (identi-
fied in the periadrenal adipose tissue); amyloid (acellu-
lar, amorphous, eosinophilic extracellular matrix mate-
rial); and if metastatic disease were present, whether it
was histologically similar to the primary tumor.
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FIG. 2. A thick fibrous capsule is transgressed by the
neoplastic cells with extension into the surrounding adi-
pose connective tissue (left) in this malignant pheochro-
mocytoma. Extension into a vascular spaces is noted in a
malignant pheochromocytoma (right).
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FIG. 3. The characteristic small nests (“zellballen”) pat-
tern was seen in all pheochromocytomas, whether benign
or malignant. A granular, basophilic cytoplasm was usu-
ally identified surrounding slightly irregular nuclei (right).

A PASS was developed by taking the patients whose
tumors were clinically and histologically malignant and
identifying the histologic features that were uniquely
present or present in a greater frequency than in the
patients whose tumors were clinically and histologically
benign. Features that were present in both benign and
malignant tumors were given a lower weight, whereas
those features identified only in malignant neoplasms or
to a much greater frequency in malignant neoplasms
were given a heavier weight. No one histologic feature
was uniquely able to identify a tumor that would behave
in an aggressive clinical fashion. Therefore, a scaled
score was developed to account for variability in pro-
cessing, sectioning, and ease of being able to quantify or
qualify morphologically reproducible criteria. A PASS
of <4 accurately identified all histologically benign and
clinically benign tumors (Table 1). A PASS of =4 cor-
rectly identified all tumors that were histologically ma-

(“zellballen”). An area of central comedonecrosis is also
appreciated.
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FIG. 5. Large nests showing tumor cell spindling in a ma-
lignant pheochromocytoma.

lignant, even though 17 of the 50 patients did not develop
malignant clinical behavior. However, all of the patients
who had clinically aggressive neoplasms were identified
by a PASS of =4.

Immunophenotypic analysis was performed in 76
cases with suitable material by the standardized avidin-
biotin method of Hsu et al.” using 4-pm-thick, formalin-
fixed, paraffin-embedded sections. Table 2 documents
the pertinent, commercially available immunohistochem-
ical antibody panel used. The analysis was performed on
a single representative block in each primary tumor and
on a single block of a metastatic focus, if available.
When required, proteolytic antigen retrieval was per-
formed by predigestion for 3 minutes with 0.05%

el ; ,
FIG. 6. The upper left image demonstrates profound
nuclear pleomorphism with prominent nucleoli and intra-
nuclear cytoplasmic inclusions. Small pheochromocytes are
noted in the lower corner of this image. The lower left image
demonstrates an atypical mitotic figure, highlighted with a
Ki67 immunohistochemical study. The right image demon-
strates tumor cell spindling associated with the basophilic
granular cytoplasm of a malignant pheochromocytoma.
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FIG. 7. The characteristic chromogranin (left) immunore-
activity in the pheochromocytes is contrasted to the S-100
protein immunoreactivity of the supporting sustentacular
supporting cells (right) in this benign pheochromocytoma.

Protease VIII (Sigma Chemical Co., St. Louis, MO,
USA) in a 0.1 M phosphate buffer, pH 7.8, at 37°C.
Cellular conditioning to achieve antigen enhancement
(recovery) was performed by using formalin-fixed,
paraffin-embedded tissue treated with a buffered citric
acid solution and heated for 20 minutes in a calibrated
microwave oven. Afterward, the sections were allowed
to cool at room temperature in a citric acid buffer solu-
tion for 45 minutes before continuing the procedure.
Standard positive controls were used throughout, with
serum used as the negative control. The antibody reac-
tions were graded as weak (1+4), moderate (2+), and
strong (3+) staining, and the fraction of positive cells was
determined by separating the percentage of positive cells
into four groups: <1%, 1-10%, 11-90%, and >90%, spe-
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FIG. 8. An S-100 protein immunohistochemical study
shows obvious immunoreactivity in the “zellballen” part of
the tumor with almost complete loss in the large nest or
diffuse area of a malignant pheochromocytoma.
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cifically for the proliferation markers (p53 and Ki67) and
S-100 protein.

The review of the literature was extensive, based on a
MEDLINE search from 1966 to 2001 with a few specific
earlier studies or foreign language articles included for
balance and background. However, for purposes of
succinctness, the review was limited to pheochromocy-
tomas identified in surgical pathology material that in-
cluded demographic, histopathologic, immunopheno-
typic, and/or treatment information written in English
and specifically related to malignant pheochromocytoma
criteria.

Categorical variables were analyzed using x? tests to
compare observed and expected frequency distributions.
Comparison of means between groups were made with
unpaired ¢ tests or one-way analysis of variance, depend-
ing on whether there were two groups or more than two
groups, respectively. Multiple comparisons were ana-
lyzed using the Tukey method. Linear regression was
used to investigate two measured variables, and Pearson
correlation coefficients were generated to measure the
strength of the association. Confidence intervals of 95%
were generated for all positive findings. The alpha level
was set at p <0.05. All analyses were conducted using the
Statistical Package for the Social Sciences software (ver-
sion 8.0 for PC; Chicago, IL, USA).

RESULTS
Clinical Demographics and Presentation
Benign

A summary of the clinical information on the patients
in this series is provided in Table 3. The mean age at
presentation for the patients who had an associated syn-
drome or genetic abnormality was of a young age at 35.5
years (p = 0.005). Patients presented with a variety of
symptoms and physical findings, but the most frequently
identified physical finding was hypertension (n = 39
patients) (Table 3). The hypertension was described as
episodic, labile, and erratic (paroxysmal), frequently as-
sociated with postural changes, as well as being sus-
tained. Most patients presented with other associated
findings as noted in Table 3. When pain was encountered
it was described as dull and aching to sharp and stabbing
and perceived in the abdominal cavity, back, “heart,”
chest, and “colic” (n = 15 patients). Tumors were dis-
covered incidentally during routine physical examination
or diagnostic radiographic studies performed for nonre-
lated reasons in nine patients. The female patients had a
slightly shorter average duration of symptoms (37.6
months) than their male counterparts (41.2 months), but
this finding was not statistically significant (p = 0.850).
Interestingly, there was no significant difference in the
mean duration of symptoms in patients with a syndrome

TABLE 1. Pheochromocytoma of the Adrenal Gland
Scoring Scale (PASS)

Score if present

Feature (no. of points assigned)
Large nests or diffuse growth 2
(>10% of tumor volume)
Central (middle of large nests) 2

or confluent tumor necrosis
(not degenerative change)
High cellularity
Cellular monotony
Tumor cel spindling (even if focal)
Mitotic figures >3/10 HPF
Atypical mitotic figure(s)
Extension into adipose tissue
Vascular invasion
Capsular invasion
profound nuclear pleomorphism
Nuclear hyperchromasia
Total

N
o= === NMNMNN

HPF = high-power field.

or genetic disorder (mean 43.2 months) versus the other
patients (p = 0.843), nor was there a significantly longer
duration of symptoms for the patients with malignant
tumors than the rest of the patients (p = 0.284).

Eleven patients had what was considered to be a non-
sporadic tumor: an association with a syndrome known
to include an increased incidence of adrenal pheochro-
mocytoma. These patients include six male and five fe-
male patients (19-57 years of age, with a mean age at
presentation of 35.5 years; significantly older than the
patients with an associated syndrome who had malignant
tumors [p = 0.028]). It is significant that five of these 11
patients had bilateral disease while none of the 39 re-
maining patients with benign tumors presented with bi-
lateral tumors (p <0.001). As would be expected with
benign tumors, all syndrome-associated patients were
alive (n = 6; mean 15.6 years) or had died without
evidence of disease (n = 5; mean 11.4 years).

Laboratory values were available in 41 patients, all of
whom had elevated levels in either their serum or urine
of catecholamines, norepinephrine, epinephrine, meta-
nephrine, dopamine, vanillylmandelic acid, or other me-
tabolites. Without being able to review the laboratory
printouts directly and with a variety of different tech-
niques used to evaluate these catecholamines and their
metabolites, no specific values are reported, but in 41
patients where values were available, elevation was seen
in all cases.

Malignant

A summary of the clinical information on the patients
in this series is provided in Table 3. The mean age at
presentation for women was statistically significantly
older than men (48.1 years and 42.6 years, respectively;
p = 0.033). The mean age at presentation for the patients
who had an associated syndrome or genetic abnormality
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TABLE 2. Immunohistochemical panel

Primary

Antigen or antibody antibody Company Dilution Antigen recovery

Chromogranin mm Boehringer Mannheim Biochemicals, 1:3200 None
Indianapolis, IN

Synaptophysin rp Dako, Carpinteria, CA Neat Enzyme digestion
S-100 protein p Dako 1:800 None
Serotonin mm Dako 1:25 None
Somatostatin p Chemicon, Temecula, CA 1:2000 None
CD56 (NCAM) mm Zymed, San Francisco, CA 1:400 Microwave recovery
Cytokeratin (AE1/AE3 and CK1) mm Boehringer Mannheim Biochemicals and Dako  1:50 & 1:200  Enzyme digestion
Keratin 7 mm Dako 1:200 Enzyme digestion
Keratin 20 mm Dako 1:50 Enzyme digestion
Ki67 mm Immunotech, Westbrook, ME 1:20 Microwave recovery
p53 mm Dako 1:50 microwave recovery
Inhibin mm Serotec, Raleigh, NC 1:20 Microwave recovery

mm, mouse monoclonal; rp, rabbit polyclonal.

was young at 20.7 years (p <0.001). At first thought it
would seem that hypertension should be present in all
patients with malignant pheochromocytomas (Table 3),
but it is only present in 80% of patients with malignant
pheochromocytomas. Tumors were discovered inciden-
tally in four patients for similar reasons as those with
benign tumors. The mean duration of symptoms of 8.9

months (Table 3) was much shorter than the duration of
symptoms for patients with benign tumors (p <0.001).
The difference of average duration of symptoms between
female and male patients was not statistically significant
(p = 0.571), nor was the duration of symptoms in pa-
tients with a syndrome or genetic disorder statistically
significant (mean 7.7 months; p = 0.753).

TABLE 3. Clinical features of patients with pheochromocytomas

No.

Malignant histology

Benign Malignant
Benign All cases clinically clinically
Clinical characteristic (n =50) (n =50) (n=17) (n=33)
Gender
Women 20 23 6 17
Men 30 27 11 16
Age at presentation (years)
Range 3-81 9-80 12-72 9-80
Mean 48.3 451 39.1 48.3
Females (mean) 49.5 48.1 31.2 54.1
Males (mean) 47.5 42.6 43.4 421
Patients with associated syndrome (mean) 35.5 20.7 17.7 23.7
Type of presentation®
Hypertension 39 40 13 27
Diaphoresis, flushing, nausea, vomiting, headaches, palpitations 18 39 8 31
Pain (abdominal, chest, back, or ear) 15 17 6 11
Other (weakness, syncope, dizziness, anxiety, light headedness, 19 15 5 10
shortness of breath, cough, regurgitation, diarrhea, bleeding
[epistaxis, melena, hematuria, ejaculate], seizure disorder,
weight loss, diabetes mellitus)
Asymptomatic (diagnostic evaluation) 9 4 2 2
Duration of symptoms (months)
Range 1-240 0.5-60 1-24 0.5-60
Mean 40.0 8.9 9.1 8.8
Female (mean) 37.6 8.0 8.0 7.9
Male (mean) 41.2 9.6 9.5 9.7
Patients with a syndrome (mean) 43.2 7.7 10.0 5.3
Patients with syndrome 11 6 3 3
MEN or inherited forms of pheochromocytoma 8 4 2 2
Neurofibromatosis 1 1 1 0
von Hippel-Lindau syndrome 2 0 0 0
Turner’'s syndrome 0 1 0 1

* Patients may have presented with more than one symptom; therefore the numbers do not add up to the total number of patients.

MEN, multiple endocrine neoplasia.
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Six patients had what was considered to be a nonspo-
radic tumor and included four male and two female pa-
tients (12-32 years of age, with a mean age a presenta-
tion of 20.7 years). It is significant that three of these six
patients had bilateral disease with only one of 44 patients
in the remaining malignant series (p = 0.039). Only one
of these six patients died with disease after 17.6 years,
whereas the remaining five are alive without evidence of
disease (mean follow-up 19.9 years).

Similar to the benign tumors, laboratory values were
available in 28 patients, all of whom had remarkably
elevated levels in either their serum or urine of catechol-
amines, norepinephrine, epinephrine, metanephrine, do-
pamine, vanillylmandelic acid, or other metabolites. The
levels were often elevated to >20 times the normal range
for the analyte.

Radiographic Studies

Seventy-eight patients had one or more of a variety of
imaging procedures performed before surgery, including
abdominal roentgenogram, ultrasonography, computer
tomography, magnetic resonance imaging, intravenous
pyelogram, '?'I-meta-iodobenzylguanidine (MIBG)
scintigraphy, and angiography. In general, a small to
large, sharply defined suprarenal (adrenal) mass was
identified, often displacing the kidney because of the
mass’ size. The lesion was described as heterogeneous
or “in-homogeneous,” demonstrating internal septations,
fluid levels, and an increased signal or high proton
density signal on T2-weighted image, interpreted as a
hypervascular tumor. Angiography revealed a vascular
tumor mass in the adrenal gland. Fifty cases in this clini-
cal series were identified before 1985, before the wide-
spread availability of the radiopharmaceutical and gua-
nethidine analog '*'I MIBG. This radiocompound shows
a remarkable affinity for the adrenal medullary tissue
where it is taken up by neurotransmitter vesicles.*?
Whereas there were reports of “positive” imaging with
this scintigraphic technique, there was not a sufficient
number of these studies to be clinically meaningful in
this series.

In many cases lytic bone lesions or “hypervascular”
masses in the liver, lung, spleen, kidney, pancreas, and/or
lymph nodes were noted and presumed by the radiologist
to represent metastatic disease in the malignant cases.
This finding was not identified in the benign cases.

Pathology
Macroscopic Findings

Benign. The majority of patients presented with uni-
lateral disease (n = 45 patients), whereas five tumors
were described as bilateral (Table 4). All of the bilateral

TABLE 4. Macroscopic features of pheochromocytomas

Number

Malignant histology

Benign All
Macroscopic histology ~ malignant Benign Malignant
feature (n=5) cases clinically clinically
Primary site
Right 27 26 10 16
Left 18 20 6 14
Bilateral 5* 4 1 3
Tumor size (cm)
Range 1.3-18.0 2.8-18.0 3.0-12.5 2.8-18
Mean 6.5 7.9 6.6 8.6
Females (mean) 6.9 8.3 7.0 8.8
Males (mean) 6.2 7.5 6.3 8.4
Syndrome (mean) 4.8 4.8 5.7 4.0
Tumor weight (gm)
Range 14-860 12-1320 12-653 1320
Mean 154.1 278 172 339
Females (mean) 132 344 158 437
Males (mean) 169 199 186 208
Syndrome (mean) 61.5 36.0 271 42.0

* All bilateral benign tumors and 3 of 4 malignant tumors occurred in
syndrome-associated patients.

tumors occurred in patients with syndromic association
(p <0.001). The tumors involved the right adrenal gland
(n = 27 tumors) more frequently than the left adrenal
gland (n = 18), a difference that reached statistical sig-
nificance (p <0.001), although there is no explanation for
this difference. Overall, the mean tumor size was 6.5 cm
with a mean tumor weight of 154 g. A separation be-
tween benign and malignant tumors by size or weight
was attempted, but no matter what cutoff was used (50,
100, 200, or 500 g or 2, 4, 6, or 8 cm), no statistically
significant difference could be generated, leading to the
conclusion that increased size alone, although suggestive
or worrisome for malignancy, was not an independently
useful criterion (analysis of variance: weight, p = 0.076;
size, p = 0.219; x> weight, p = 0.414; size, p =
0.200). Furthermore, if confining the analysis to the ma-
lignant tumors alone, using a cutoff of 100 g, even
though 29% of patients with tumors <100 g died with
disease versus 47% of patients with tumors >100 g who
died with disease, there was still no statistically signifi-
cant difference (p = 0.275). Therefore, it seems that
size is not helpful in predicting a difference in biologic
behavior.

The tumors were described as encapsulated or well-
circumscribed masses, with a variegated cut surface
showing areas of hemorrhage or degenerative change.
The tumors were soft, gray—tan to brown-red with areas
of cystic degeneration. Compressed areas of bright yel-
low residual adrenal cortex were noted at the periphery
of the tumor.

Malignant. The majority of patients presented with
unilateral disease (n = 46 patients), with four tumors
described as bilateral (Table 4). Three of the bilateral
tumors occurred in patients with syndromic association,
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TABLE 5. Microscopic features of pheochromocytomas

Number of cases with feature present

Malignant histology

Benign histology  All malignant  Benign clinically Malignant clinically

Microscopic feature (n =50) cases (n = 50) (n=17) (n=33)

Encapsulation 41 (82%) 47 (94%) 17 (100%) 30 (91%)
Vascular invasion 2 (4%) 29 (58%) 8 (47%) 21 (63%)
Capsular invasion 2 (4%) 32 (64%) 13 (76%) 19 (58%)
Extension into the periadrenal adipose tissue 0 13 (26%) 3 (18%) 10 (30%)
Architecture (no. of tumors with this dominant pattern)

Zellballen 35 (70%) 5 (10%) 1 (6%) 4 (12%)

Large nests 9 (18%) 32 (64%) 11 (65%) 21 (63%)

Diffuse architecture 6 (12%) 13 (26%) 5 (29%) 8 (24%)
Cellularity

Low 7 (14%) 0 0 0

Medium 43 (86%) 3 (6%) 1 (6%) 2 (6%)

High 0 47 (94%) 16 (94%) 31 (94%)
Cellular monotony 0 14 (28%) 2 (12%) 12 (36%)
Necrosis

Pyknosis 4 (8%) 43 (86%) 15 (88%) 28 (85%)

Focal or central 0 15 (30%) 5 (29%) 10 (30%)

Confluent to diffuse 0 13 (26%) 4 (24%) 9 (27%)

Absent 46 (92%) 3 (6%) 1 (6%) 2 (6%)
Degenerative changes (including hemorrhage) 32 (64%) 34 (68%) 11 (65%) 23 (70%)
Fibrosis 8 (16%) 37 (74%) 12 (71%) 25 (76%)
Calcifications 0 4 (8%) 1 (6%) 3 (9%)
Spindle cell architecture

<10% of tumor volume 6 (12%) 9 (18%) 4 (24%) 5 (15%)

>10% of the tumor volume 0 28 (56%) 9 (53%) 19 (58%)
Nuclear pleomorphism (moderate (benign) to severe) 22 (44%) 28 (56%) 9 (53%) 19 (58%)
Hyperchromasia 0 18 (36%) 8 (47%) 10 (30%)
Prominent, eosinophilic nucleoli 26 (52%) 25 (50%) 7 (41%) 18 (55%)
Intranuclear cytoplasmic inclusions 35 (70%) 31 (62%) 10 (59%) 21 (64%)
Eosinophilic globules 22 (44%) 22 (44%) 8 (47%) 14 (42%)
Tumor giant cells (size) 23 (46%) 30 (60%) 12 (71%) 18 (55%)
Mitotic figures

Range 0-3 0-18 0-13 0-18

Mean 0.4 3 2.9 3.1

Atypical forms (no. of cases with atypical forms present) 0 19 (38%) 7 (41%) 12 (36%)

Inconspicuous or absent 32 (64%) 12 (24%) 3 (18%) 9 (27%)
Brown fat present 30 (60%) 31 (62) 10 (59%) 21 (64%)
Metastases (histology)

Similar n/a 17 n/a 17

More mature or “zellballen” architecture n/a 5 n/a 5

a statistically significant finding (p <0.001). The MPA
also involved the right adrenal gland (n = 26 tumors)
more frequently than the left adrenal gland (n = 20) but
was not significant (p = 0.453). The mean tumor size
was 7.9 cm with a mean tumor weight of 278 g. There

tex and periadrenal adipose tissue. Small areas of yellow,
residual adrenal cortex were noted at the periphery of the
tumor.

were no statistically significant differences of the size or
weight of tumors between the genders (weight, p =
0.209; size, p = 0.409).

The tumors were described as encapsulated or well
circumscribed, nodular, lobulated, or bosselated masses,
with a variegated cut surface showing mottled areas of
hemorrhage and necrosis (Fig. 1). The tumors were soft,
gray—tan to brown-red with areas of cystic degeneration
and calcification. In a number of cases the tumor was
described as fixed to the surrounding structures, occa-
sionally infiltrating into the substance of the adrenal cor-
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Microscopic Findings

Benign. The tumors were well circumscribed and
separated from the remaining adrenal cortex by a well-
formed capsule in most cases (n = 41) (Table 5). Focal
vascular invasion was identified in two cases. Capsular
invasion was noted in two cases, while invasion into the
periadrenal soft tissues was not noted in any tumors. The
tumor cells were arranged in the characteristic “zell-
ballen” architecture in all cases examined (Fig. 3),
whereas nine cases demonstrated areas of large nest for-
mation and six cases demonstrated diffuse architecture.
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The tumors were of a low to medium cellularity with no
tumors showing high cellularity. Tumor cell monotony
was not identified. Pyknosis was noted in a few cases
(n = 4 tumors), but focal, central, confluent, or diffuse
necrosis was not appreciated. The majority of tumors
showed areas of degenerative changes, including cyst
formation, hemorrhage, hemosiderin-laden macro-
phages, and fibrosis. A focal spindle cell architecture
was identified in six tumors but was limited to <10% of
the tumor cell volume. Nuclear pleomorphism of a mild
to moderate degree was noted in 22 cases. Tumor giant
cells with many nuclei were seen in 23 tumors. Mitotic
figures were inconspicuous or absent in the majority of
cases, with a mean mitotic index of 0.6 mitosis per 10
HPF. Atypical mitotic forms (as defined in Materials and
Methods) were not appreciated. When periadrenal adi-
pose tissue was present, 30 of 34 cases demonstrated
brown fat recognized by its finely reticulated or vacu-
olated cytoplasm and centrally placed nucleus. Although
axiomatic, no tumors in this category developed lymph
node or distant metastases during the follow-up period.

Malignant. The tumors were well circumscribed and
distinctly separated from the remaining adrenal cortical
parenchyma by a capsule. A well-formed tumor capsule
was present in 47 cases, although the fibrous connective
tissue capsule was thinned and attenuated in areas. Tu-
mor cells were seen transgressing the capsule in 32 tu-
mors (Fig. 2) or extending into the adjacent fibroadipose
connective tissue. Vascular invasion was identified in 29
tumors. These vessels were identified within the fibrous
capsule or beyond the tumor mass (Fig. 2) and occasion-
ally identified macroscopically as the adrenal vein or
vena cava.

There was extraordinary variation in histologic pat-
terns both between tumors and within a given tumor.
Even though histologic variability was predominant, the
“zellballen” architecture with its prominent vascular sup-
porting stroma could be found focally within each tumor,
even if only constituting a small fraction of the overall
tumor area. This nested growth was the dominant pattern
in only five tumors (Table 5). The predominant histo-
logic pattern was of large nests (n = 32 tumors) (Fig. 4).
A “large nest” (described in Materials and Methods) was
defined as three to four times the size of a “zellballen,”
or the size of the medullary paraganglia nests. Albeit a
circuitous definition, the expanded size of a normal “cell
ball” was very helpful in identifying malignant tumors.
Moreover, areas of transition from small, evenly placed
“zellballen” of pheochromocytes to the large nests (Fig.
4) raised one’s index of suspicion for a malignant tumor.
In 13 tumors a specific growth pattern was lost altogether
and a diffuse pattern was the dominant finding, making
up 60-100% of the tumor area (Table 5). Areas of tran-
sition between these patterns of growth, when present in

the same tumor, were usually abrupt (Fig. 4). The rich
vascular sustentacular supporting framework was easily
identified in the areas of “cell ball” growth but became
more difficult to identify in the large nests (although still
present about the periphery of the large islands of tumor
cells) and lost completely in the areas of diffuse growth.

Necrosis was assessed in three states: individual cell
necrosis (pyknosis), focal necrosis, and confluent or dif-
fuse necrosis (Table 5). Three tumors did not have any
type of necrosis present. Pyknosis, sometimes difficult to
assess if the specimen was not fixed well or if it was
overstained, was present in 43 tumors, focal in four tu-
mors, and otherwise easily identified throughout the
other tumors. Focal necrosis was identified at the center
of tumor cell nests (large nests) in 15 tumors (Fig. 4).
The ghost outlines of tumor cells could be appreciated in
the eosinophilic necrotic material. An additional 11 tu-
mors demonstrated confluent or diffuse necrosis, in
which the areas of necrosis had expanded to involve
several cell nests (confluent) or had completely obliter-
ated all tumor cells (diffuse necrosis). Necrosis was de-
scribed as “tumor” necrosis, separate from areas of de-
generative change. Degenerative changes were identified
in 34 tumors and included cysts and lakes with protein-
aceous material, hemorrhage, hemosiderin-laden macro-
phages, cholesterol clefts, stromal edema, noncoagula-
tive necrosis (i.e., not tumor necrosis), inflammatory
cells, focal fibrosis, and/or calcifications. Thirteen tu-
mors had degenerative changes and no evidence of any
tumor necrosis (focal or confluent), whereas five tumors
had necrosis (two confluent and three focal) without de-
generative changes. Thick, acellular bands of fibrosis
were noted in 37 tumors, often accentuated around the
periphery of the cell nests (whether “zellballen” or large
nest type). Isolated calcifications were usually noted
within areas of tumor necrosis.

The tumors were highly cellular in all cases except for
three tumors, which were interpreted to have moderate
cellularity. The cytoplasm was uniformly granular in all
tumor cells, generally composed of fine, basophilic gran-
ules, but occasionally eosinophilic granules were also
noted (n = 5 tumors). The cytoplasmic granules tended
to vary in number based on the tumor cell size, such that
gigantic tumor cells tended to have more granules than
small tumor cells. Every effort was made to control for
variation in staining technique by obtaining recuts, and
for the most part, a basophilic tinctorial quality was pre-
sent. In the areas of the tumor with large nests and dif-
fuse architecture, it was common to see small, monoto-
nous cells with indistinct cell membranes and a high
nuclear-to-cytoplasmic ratio. Cellular monotony (n =
14) was more frequently noted in the areas of diffuse
architecture than in other patterns of growth. Tumor cell
spindling of >10% of the tumor volume was identified in
34 tumors (Table 5; Figs. 5 and 6, right). The cellular
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TABLE 6. /mmunohistochemical panel results

No. of cases with positive reactions

Benign Malignant
Antibody (n=43) (n=33)
Chromogranin 43 (100%) 33 (100%)
Synaptophysin 41 (95.3%) 33 (100%)
S-100 protein 43 (100%) 18 (54.5%)
Serotonin 4 (9.3%) 1(3.0%)
Somatostatin 4 (9.3%) 7 (21.2%)
CD56 39 (90.7%) 30 (90.9%)
Cytokeratin 5(11.6%) 1 (3.0%)
Keratin 7 0 1 (F) (3.0%)
Keratin 20 0 1 (F) (3.0%)
18—<1%
4—<1%
Ki67 3—1-25%
1—1-25%
2—26-50%
4—<1%
5—<1%
6—1-10%
p53 7—1-10%
12—11-90%
5—11-90%
5—>90%
Inhibin 0 0

F, focal immunoreactivity.

elongation tended to be found within large nests, al-
though detected anywhere in the tumor. The areas of
spindling were usually composed of groups of cells ar-
ranged in streaming fascicles, rather than just being an
isolated few cells.

Profound or severe nuclear pleomorphism included
greatly enlarged nuclear size, irregular shape, and bizarre
forms (Fig. 6, upper left). In a number of cases the tumor
cells had a very high nuclear-to-cytoplasmic ratio, with
small, monotonous cells identified (Table 5). Nuclear
hyperchromasia was present in 17 tumors (Table 5),
identified by complete opacification and heavy nuclear
chromatin deposition. Prominent, enlarged (>4 pm in
diameter), irregularly shaped, or eosinophilic-magenta
nucleoli were observed (Fig. 6, upper left), as were in-
tranuclear cytoplasmic inclusions and cytoplasmic eosin-
ophilic hyaline globules (Table 5). Peculiar neoplastic
giant cells were variably present throughout most of the
tumors (n = 30) (Table 5), including multinucleated
forms, but foreign body-type, Langerhans-type, and
osteoclast-type giant cells were not present.

Mitotic figures were easily identified in the majority
of tumors, although mitotic figures were inconspicuous
(absent) in 12 tumors (Table 5). The mitotic index ranged
from 1 to 18 mitoses per 10 HPF, with a mean of 3
mitoses per 10 HPF. Atypical mitotic forms were noted
in 19 tumors, indicating that when mitotic figures were
present, 50% of cases demonstrated atypical forms (Fig.
6, lower left).
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The histology of the metastatic tumor deposits was
available for review in 22 patients. The metastatic tumor
was identical to the primary tumor in 17 patients,
whereas in five patients the metastatic foci were differ-
ent; the metastatic deposits had a typical “zellballen”
architecture without the diffuse or large nest pattern.
There was no difference in patient outcome based on the
degree of “zellballen” architecture in the metastatic de-
posits (“zellballen” architecture, mean follow-up of 12.9
years; large nests, diffuse architecture, mean follow-up
of 9.5 years; p = 0.537).

Special Procedures

All of the cases tested demonstrated positive pheo-
chromocyte immunoreactivity with chromogranin (Fig.
7, left; Table 6) and nearly all cases with synaptophysin.
It is well known that the sustentacular supporting frame-
work cells are immunoreactive with S-100 protein (Fig.
7, right). The areas in which there was good “zellballen”
architecture, S-100 protein-immunoreactive cells, could
be seen in all cases. However, if areas of large nests and
diffuse growth were examined, then there was only focal
immunoreactivity in 18 of 33 tumors with this morphol-
ogy (Fig. 8). Both the number of cells and the intensity
of the reactivity decreased as the area of large nests and
diffuse architecture increased (inverse relationship). It is
important for us to stress that occasional S-100 protein-
reactive cells could be identified in almost all cases, but
the number of cells and the intensity of reactivity de-
creased remarkably as the size of the tumor nests en-
larged or became diffuse. Nearly all cases tested also
demonstrated strong, membrane immunoreactivity with
CD56. There was no tumor cell immunoreactivity with
inhibin.

Focal immunoreactivity was noted in a few cases for
serotonin, somatostatin, cytokeratin, CK7, and CK20
(Table 6). Ki67 monoclonal antibodies, specifically
MIB-1, react with antigens expressed in all active parts
of the cell cycle.® Ki67 was remarkably variable in ex-
pression, ranging from essentially nonreactive up to 50%
of the nuclei. However, 92.1% of both the benign and
malignant cases tested were nonreactive or had <1% of
the tumor nuclei immunoreactive, with only 7.9% dem-
onstrating any significant reactivity (>10% of nuclei).
All cases (n = 5) with >10% immunoreactivity occurred
in malignant neoplasms, but this did not correlate with an
adverse clinical outcome. p53 protein antibody reacts
with the accumulated p53 protein in the cell nucleus, is
usually increased in carcinomas, and consequently is fre-
quently associated with a worse prognosis.® The results
with p53 protein showed a similar variability as the Ki67,
ranging from no reactivity to strong reactivity (in >90%
of the cells’ nuclei); 46.8% of cases demonstrated in-
creased (>10%) nuclear reactivity. In general, the tumors
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that were classified in the benign group expressed p53 to
a greater degree than the malignant tumors. The patients
whose tumors demonstrated increased p53 nuclear reac-
tivity (n = 36 patients) had a mean follow-up of 12.8
years with three patients dying with disease (8.8%); the
patients who did not have increased activity or were
nonreactive (n = 31) had a mean follow-up of 11.4 years
with eight patients dying of disease (19.0%), a difference
that was not statistically significant (p = 0.072).

Clinical Therapy and Patient Qutcome

All tumors were managed by surgery, even if only for
the initial diagnostic biopsy, with preoperative adrener-
gic blockade to decrease intraoperative hypertensive epi-
sodes. The surgery included biopsy (n = 2); adrenalec-
tomy (n = 69); adrenalectomy and lymph node dissec-
tion (n = 9); adrenalectomy and nephrectomy (n = 9);
adrenalectomy, nephrectomy, and lymph node dissection
(n = 2); adrenalectomy, nephrectomy, splenectomy, and
Iymph node dissection (n = 3); adrenalectomy, nephrec-
tomy, and splenectomy (n = 2); adrenalectomy, lymph
node dissection, and partial liver resection (n = 3); and
adrenalectomy and lung resection (n = 1). In summary,
58 patients had adrenalectomy alone without additional
surgery or adjuvant therapy, 31 patients had adrenalec-
tomy with additional surgery, and 10 patients had sur-
gery followed by adjuvant therapy (chemotherapy [n =
5] and/or radiation [n = 6]) (Table 7).

Benign

All patients with histologically benign neoplasms
were managed by surgery alone (n = 50 patients) (Table
7). Most were managed by an adrenalectomy only (n =
39 patients), whereas six patients had a lymph node dis-
section and the remaining five patients had a nephrec-
tomy (n = 4 patients) or partial pancreatectomy (n = 1
patient). In the patients who had bilateral tumors, bilat-
eral adrenalectomies were performed (n = 5 patients).
Although radiation and chemotherapy were not used to
manage the pheochromocytomas, there was a subset of
12 patients who did have additional intervention. Six
patients had additional surgery for benign tumors (retinal

angioma, polycystic kidney and liver disease, parathy-
roid hyperplasia, and neurofibromas) related to an un-
derlying syndrome. Seven patients had additional sur-
gery for malignant tumors (medullary thyroid carcinoma,
renal cell carcinoma) related to an underlying syndrome,
and two patients had surgery for malignant tumors (colon
carcinoma, ovarian carcinoma) unrelated to a particular
or known syndrome. Furthermore, seven of these pa-
tients also had adjuvant chemotherapy for their malig-
nant tumors (medullary carcinoma, n = 5; colon and
ovarian carcinoma, n = 1 each, respectively). Of the
group of 12 patients who had additional therapy, four
patients died of metastatic medullary thyroid carcinoma
(mean 13.1 years), one patient died of widely dissemi-
nated ovarian carcinoma (6.5 years), and one patient died
of complications related to polycystic disease (4.6 years).
The remaining six patients are all alive without evidence
of any tumors (mean 15.9 years of follow-up). The mean
survival for patients with bilateral tumors was 13.8 years
(two alive with no evidence of disease [NED] and three
dead with NED). The mean survival for patients with
syndrome-associated pheochromocytoma was 13.7 years
(six patients alive with NED and five patients dead with
NED). In summary for the patients with benign tumors,
there was an overall mean follow-up of 14.1 years, with
28 patients alive with NED (mean 16.7 years) and 22
patients who had died with NED (mean 10.7 years).

Malignant

The patients who had malignant tumors were managed
by adrenalectomy alone, adrenalectomy with additional
surgery, or followed by adjuvant therapy (chemotherapy
[n = 5] and/or radiation [n = 6]). Interestingly, patients
who were managed by surgery followed by either radia-
tion or chemotherapy had a much longer survival (mean
9.0 years) despite 70% dying with disease compared with
patients managed by surgery alone (mean 3.7 years) with
31% dying with disease. These data suggest that patients
managed with surgery alone have a good prognosis but
die with their disease sooner than patients managed with
surgery and radiation. Patients who had an adrenalecto-
my only without any additional surgery or adjuvant
therapy (n = 19) had an 89.5% survival with the two

TABLE 7. Patient outcome based on treatment (all follow-up in years)

All cases A, NED A, D D, NED D, D

Benign Malignant*  Benign ~ Malignant Benign Malignant  Benign ~ Malignant Benign Malignant

All cases 50 (14.1) 49 (8.3) 28 (16.7) 25(11.7) N/A 2(1.0) 22 (10.7) 2(7.2) N/A 20 (5.6)
Adrenalectomy alone 39 (13.9) 19(5.4)* 21(16.5) 15(6.1) N/A N/A 18 (10.9) 1(7.4) N/A 3(0.8)

Adrenalectomy and other surgery 11 (14.7) 20 (11.5) 7 (17.6) 9 (20.1) N/A N/A 4 (9.6) 1(6.9) N/A 10 (4.3)
(no adjuvant)

Any surgery followed by adjuvant N/A 10 (9.1)* N/A 1(19.0) N/A 2 (1.0 N/A N/A N/A 7 (9.0)

therapy

* Two patients had a biopsy only due to inoperability, but one patient had postoperative adjuvant therapy.
A, NEd, alive, no evidence of disease; A, D, alive, with disease; D, NED, dead, no evidence of disease; D, D, dead, with disseminated disease; N/A,
non-applicable; adjuvant therapy includes radiation and/or chemotherapy.
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patients who died with disease, dying in 4 and 16
months, respectively (Table 7). The patients with bilat-
eral tumors had a mean follow-up of 19.7 years (one
patient dead with disease [5.0 years] and three patients
alive with NED). The patients with syndrome-associated
pheochromocytomas had a mean follow-up of 20.3 years
(one patient dead with disease [17.6 years] and five pa-
tients alive with NED).

To present the clinical outcome data in the most ac-
curate form possible, two subcategories within the his-
tologically malignant cases were created: clinically be-
nign and clinically malignant (Table 8). The histologic
features (presented in Table 5) are not statistically sig-
nificantly different between these two clinical groups. By
definition, there are no patients who died of their disease
in the clinically benign group. Therefore, whereas one
can retrospectively divide the patients into clinical be-
havior groups, they are indistinguishable from one an-
other by histologic (and PASS) criteria in a prospective
fashion.

Overall, 56% of patients are alive without evidence of
disease or had died of unrelated causes without evidence
of disease, with a mean follow-up of 11.0 years (Table
8). The remaining 44% of patients have evidence of dis-
ease: two patients are alive (0.6 and 1.3 years of follow-
up, respectively) and 21 patients are dead with disease
after surviving a mean of 5.2 years. It is of interest that
no patients who developed lymph node metastasis solely
died of their disease, but instead all were either alive
(n = 7) or had died of unrelated causes (n = 1) without
evidence of disease, with an average follow-up of 19.1
years. When widespread metastatic disease developed,
82.6% of patients died with disease, with a mean follow-
up of 4.7 years. Likewise, it is interesting to note that
when the patients survived (8.7%), they have a mean
follow-up of 12.7 years: one patient developed liver and
lung metastases, which were resected, and she has been

followed for 19.1 years after irradium seeds were placed
in the retroperitoneum; the other patient developed kid-
ney and pancreatic metastases, which were resected, and
she is alive with NED after 6.4 years. These results
yielded an overall raw 5-year survival rate of 54% with
only a 36% 5-year disease-free survival. Nine patients
are alive without evidence of disease but have not yet
been followed for 5 years. Twelve patients had evidence
of local (periadrenal or para-aortic) lymph node metas-
tasis at the time of initial presentation: six patients
(58.3%) are alive with no evidence of disease (mean
follow-up, 16.7 years), one patient died with NED at 7.4
years, and five patients died with disseminated disease
(mean survival 6.7 years).

When metastatic disease was present, the lymph nodes
and skeletal system were the most frequent sites of in-
volvement (n = 17 each, respectively), followed by liver
and lung (n = 16 each, respectively), brain (n = 3),
peritoneum (n = 3), stomach (n = 2), and one each to
the diaphragm, pleura, spleen, pancreas, ileum, and kid-
ney. However, only five patients had widely metastatic
disease at the time of initial presentation, and all of these
patients had evidence of disease at the last follow-up;
four patients were dead with disease (mean survival 0.5
year) and one patient is alive with disease at 0.6 year.

DISCUSSION

Pheochromocytomas are uncommon tumors of the
sympathochromaffin system; although the histologic di-
agnosis is relatively easy, the distinction of a benign
from a malignant neoplasm based on histologic grounds
alone has not been easy. Most paraganglia neoplasms
(i.e., pheochromocytomas) occur in the adrenal
gland,'*'** with these catecholamine-producing tumors
generating a well-defined clinical presentation of sec-
ondary episodic, labile, and/or paroxysmal hypertension.
The true incidence of MPA is difficult to determine, but

TABLE 8. Overall patient outcome (follow-up in years)

A, NED A, D D, NED D, D
Malignant Malignant Malignant Malignant
histology histology histology histology
Benign Benign Malignant Benign  Benign Malignant Benign  Benign Malignant Benign  Benign Malignant
histology clinically clinically histology clinically clinically histology clinically clinically histology clinically clinically
All cases 28 16 9 0 0 2 22 1 1 0 0 21
Survival range (yr) 10.5-21.7 1.3-27.8 1.8-26.6 N/A N/A 1.6-2.3 0.3-18.7 6.9 7.4 N/A N/A 1.7-241
Survival mean (yr) 16.7 8.6 20.0 N/A N/A 2.0 10.7 6.9 7.4 N/A N/A 5.2
With lymph node 0 N/A 7 0 N/A N/A 0 N/A 1 0 N/A 0
metastases only*
Survival mean (yr) N/A N/A 21.8 N/A N/A N/A N/A N/A 7.4 N/A N/A N/A
With widespread 0 N/A 2 0 N/A 2 0 N/A N/A 0 N/A 21
metastases™
Survival mean (yr) N/A N/A 13.7 N/A N/A 2.0 N/A N/A N/A N/A N/A 5.2

* Not all cases reviewed developed lymph node or widespread metastases, and so the numbers in these groups do not necessarily equal the overall

survival.

A, NED, alive, no evidence of disease; A, D, alive, with disease; D, NED, dead, no evidence of disease; D, D, dead, with disseminated disease; N/A,

non-applicable.
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based on this series, MPA comprise about 6.5% of all
benign or malignant tumors of the adrenal gland, a value
similar to that reported in the literature,'*!5-18:32

There is no gender predilection for pheochromocyto-
mas as a whole or when examining BPA or
MPA'4.18:21.24.2732.4495 The mean age at presentation
ranges from 32 to 61 years'®!8-21:24:27:28.32.33.44.45 4 thig
clinical series the mean was 46.7 years (BPA 48.3 years;
MPA 45.1 years). As would be expected, the mean age at
presentation for patients with a syndromic association
was younger (33.9 years).?’ In this clinical series 17% of
patients’ tumors presented in a nonsporadic setting,
higher than the 8-12% usually reported in other se-
ries,'*!82149 but this finding is perhaps related to the
referral nature of the Armed Forces Institute of Pathol-
ogy. However, the vast majority of cases in this clinical
series were sporadic. Syndrome-associated patients had
significantly more bilateral tumors than sporadic patients
(88.9% versus 11.2%; p <0.001).2°*® Therefore, it is safe
to postulate that if bilateral disease is present, an added
effort to exclude a familial or syndrome association is
warranted.'3?13348 In general, the pheochromocytomas
associated with syndromes behave in a benign fashion
(only one patient [5.9%] in this clinical series died with
disease after 17.6 years),*® although there are some
exceptions.?*!

A variety of the symptoms and signs for pheochromo-
cytoma are nonspecific, but hypertension (sustained, epi-
sodic, paroxysmal, and/or labile) was usually identified
in most patients,'*!821:27-2832:49 Aqymptomatic presen-
tation in this clinical series (13%) was seen more fre-
quently in patients with BPA than patients with MPA.
The overall mean duration of symptoms for this clinical
series is 23.0 months, whereas patients with MPA had a
much shorter duration of symptoms (mean 8.9 months)
than patients with benign tumors (mean 40.0 months)
(p <0.001).

For some unknown reason, pheochromocytomas,
whether benign or malignant, seem to be more com-
monly found in the right adrenal gland, a finding also
noted in other clinical series.'*'#273%3%44 MPA tend to
be nodular to bosselated with areas of necrosis and hem-
orrhage, unlike BPA. There was no difference in patient
outcome based on size or weight, irrespective of a benign
or malignant designation. A number of different size and
weight cutoffs (not a statistically sound approach) were
used to be absolutely certain that an increased weight
and/or large size did not have an independent prognostic
significance (weight, p = 0.076; size, p = 0.219), es-
pecially because this finding is in sharp contrast to pre-
viously reported series.'*?%:3

Pheochromocytomas are made up of a dual cell popu-
lation. The main cell is the chief cell or pheochromocyte
(chromaffin) cell, which can be detected on routine he-
matoxylin and eosin-stained slides. The second popula-

tion is the sustentacular cell, which is thought to be a
supporting cell, similar to the glial cells in the central
nervous system. They are slender cells, with thin wisps
of cytoplasm encompassing the chief cells, accurately
identifiable only with special studies.'®!#3%43

The definition of malignancy for pheochromocytoma
has been and still is exceedingly difficult to define on
histologic criteria alone. According to the literature, the
most rigorous definition of malignancy requires that me-
tastases should be present at a site where chromaffin
tissue is not otherwise found, thereby excluding the pos-
sibility of misclassifying multicentric primary lesions as
metastases or the development of locoregional recur-
rence.>%19-24:25:32.33.35.44 The most common sites of
metastatic disease are to the axial skeleton, lymph nodes,
liver, lung, and kidney,'*?!-27-28:30.32-34.44.45.51 3 finding
consistent with this clinical study, although other uncom-
mon sites of metastasis have been reported (such as peri-
cardium, brain, and spleen).*>>' Furthermore, when a
patient presents with recurrent signs and symptoms of
pheochromocytoma (elevated catecholamines), a distinc-
tion between local recurrence, an asynchronous second
primary tumor, or metastatic disease needs to be made.
This distinction can be fraught with difficulty, especially
because the biochemical findings are identical. To date,
there have been no absolute clinical, macroscopic, mi-
croscopic, biochemical, radiographic, or cytometric in-
dicators of malignancy.'#**3%4!

It is important to stress that no single histologic feature
is diagnostic for malignancy. Similar to malignancies of
other organs, and especially of other endocrine organs, a
constellation of histomorphologic features must be taken
into consideration before a diagnosis of malignancy can
be made. In the purest sense possible (and in keeping
with the tradition presented in the literature), the devel-
opment of metastatic disease (lymph node and/or other
organ site) was taken to be indicative of a malignant
primary tumor. With this endpoint in mind, a weighted
scale (PASS) was applied to a variety of histomorpho-
logic features, which seemed to be different in quality,
quantity, or incidence between tumors that behaved in an
entirely benign fashion and those that demonstrated
metastatic disease. These features included vascular in-
vasion (1 point), capsular invasion (1 point), extension
into the periadrenal adipose tissue (2 points), large nest
size or diffuse architecture (2 points), presence of focal
or confluent necrosis (2 points), high cellularity (2
points), tumor cell spindling (2 points), cellular mo-
notony (2 points), >3 mitoses per 10 HPF (2 points),
presence of atypical mitotic figures (2 points), profound
nuclear pleomorphism (1 point), and increased tumor cell
hyperchromasia (1 point). These weightings were based
on the suggested sensitivity of these features to detect
“malignant” tumors that had developed documented
metastatic disease. Special studies were not included in
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this PASS because they may not be available in all set-
tings, add to the turnaround time and to the overall cost,
and may not always contribute to the final diagnosis.

It is important in a scoring system not to undercall a
potentially malignant tumor, thereby depriving a patient
of the maximum possible benefit of close clinical follow-
up, additional surgery, or the application of adjuvant
therapies. Based on an application of the weighted scor-
ing scale (PASS), all patients who had developed docu-
mented metastatic disease in this clinical study had a
total score of =4 points. The patient survival data were
separated into three basic groups: a benign histology
with a benign clinical outcome (n = 50), a malignant
histology with a benign clinical outcome (n = 17), and
a malignant histology with a malignant clinical outcome
(n = 33). All of the patients with a malignant histology
had a PASS of =4, irrespective of outcome. This means
that of the entire group of 100 patients in this study, 50
tumors were classified as histologically malignant, but
17 of these patients have not developed metastatic dis-
ease (eight of whom have not yet been followed for 5
years). Therefore, although no documented metastases
were identified in these 17 patients, the tumors had all of
the features of morphologic malignancy identical to
those in the neoplasms that metastasized. It is of great
interest that the PASS yielded only three tumors with a
combined score of >15 (maximum score of 20), two
patients have not yet developed metastatic disease (both
are alive, one at 3.0 years and the other at 27.8 years),
and one died of disseminated disease at 2.9 years. There-
fore, although this scoring scale will hopefully provide a
valuable adjunct in the prospective management of pa-
tients, a combined score of =4 in no way guarantees the
development of metastatic disease or suggests that the
patient will die from their disease. The corollary to this
statement also deserves proclamation: a combined score
of =3 does not guarantee that a patient will not go on to
develop metastatic disease at some point in the future.

A total score of =4 (Table 1), when applied to this
clinical series, correctly identified all pheochromocyto-
mas, which ultimately developed documented metastatic
disease (p <0.001, regression analysis). In this clinical
series of 100 patients with adrenal pheochromocytomas,
a combined score of =3 was found in 50 patients, none
of whom developed any metastatic disease with a mean
follow-up of 14.1 years. If the patients who are alive are
reviewed separately, they have a mean follow-up of 16.8
years. This would suggest that if metastatic disease is
still to develop, it would be a considerable length of time
after the initial presentation. There have been reports of
metastatic disease developing many years after the pri-
mary tumor'®*® and in apparently histologically BPA in
up to 6.5% of cases,'®"*° but the histologic presentation
is not enumerated in detail and thus this author cannot
determine if the tumors would be classified as benign or
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malignant using the PASS. In either case, based on the
prolonged evolution of pheochromocytoma, it is impera-
tive to maintain lifelong clinical follow-up of patients
with malignant pheochromocytomas by both laboratory
or radiologic investigation in addition to following the
patients’ symptoms at initial presentation to see if they
recur. 18,19,21,24,32,34,35,44,45

Although the PASS is an accurate histologic method
of separating potentially aggressive tumors from those
that do not behave in an aggressive fashion, it does not
imply a “cookbook” recipe for success when applying
these criteria. They must always be applied in an indi-
vidual patient clinical context, allowing for differences in
individual patient treatment. There will inevitably be a
case that will defy any classification system as suggested
by the two cases in this clinical series with a high PASS
total. I think that the PASS can help to predict which
tumors may portend a more aggressive clinical course.
Therefore, it is my contention that malignancy should not
be based solely on the development of metastases but
augmented by the use of the PASS. The microscopic
features of the PASS appear to predict with confidence
which neoplasms are more likely to behave in a clinically
aggressive manner (p <0.001). Again, there is a degree of
subjectivity in the application of the criteria (such as
hyperchromasia or profound nuclear pleomorphism).
Therefore, the scaled nature of this score was imple-
mented to try to accentuate features that may be more
important when present. The PASS will need to be ap-
plied to a larger number of cases to determine its clinical
utility and validity because any one of the histologic
features documented in malignant cases (including vas-
cular or capsular invasion, tumor cell spindling, cellular
hyperchromatism, necrosis, and increased mitotic activ-
ity) has been described in tumors that did not go on to
recur or develop metastatic disease.'!-!#2428-31:46.49 The
other histologic features catalogued are of interest and
value in the diagnosis of pheochromocytoma in general
but not in distinguishing between BPA and MPA.

There is a lack of an intermediate category in this
classification (undetermined malignant potential, low-
grade malignant tumor, uncertain malignant potential),
which may be a potential drawback to its application in
the clinical setting. However, if any one of the specific
criteria examined is deleted or given a different weight-
ing, bona fide malignant cases that developed docu-
mented metastatic disease would not be correctly iden-
tified. Furthermore, the treatment options for such an
“intermediate” category are vague and not well devel-
oped, whereas the management of benign or malignant
tumors is well inculcated into the literature.

Although special studies were not included in the
PASS, the S-100 protein reaction was of interest in the
diagnosis of MPA. S-100 protein immunoreactivity was
identified in both the nucleus and cytoplasm of the sus-
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tentacular cells surrounding the chromaffin cells.'**®

The intensity of the staining within the sustentacular
cells, and occasionally in the chromaffin cells, is variable
not only within a case but also between cases. In many
cases heavy, intense staining of the sustentacular cells
was present, only to become weak or absent in areas of
large nest formation or diffuse growth pattern. There was
a remarkable decrease in the immunohistochemical re-
activity of S-100 protein in malignant cases (six of 13 did
not react with S-100 protein at all).'*?%4° It is important
to add that S-100 protein-positive cells were noted in
metastatic deposits (especially in areas of “cell ball”
growth, whether in lymph nodes or other organs), sug-
gesting that the sustentacular cells had metastatic poten-
tial along with the chromaffin cells and are an integral
part of the tumor. Therefore, based on the findings in this
study and those of other authors, the absence of susten-
tacular cells in pheochromocytoma is indicative of a
greater potential for malignant behavior.'**>

Flow cytometric nuclear DNA analysis was not per-
formed in this series, but this technique has yielded
mixed results, including diploid, tetraploid, and aneu-
ploid populations present in both benign as well as
clinically malignant pheochromocytomas. It has been
suggested that cases that have disease progression all
had abnormal DNA findings and all who died had ab-
normal DNA findings. No patients with a diploid popu-
lation of cells died of their disease. Therefore, although
a tetraploid or aneuploid tumor population does not con-
firm a malignant diagnosis, it may suggest a more ag-
gressive biologic behavior.!?0223541 There have also
been studies to suggest that ret proto-oncogene is over-
expressed in pheochromocytomas but does not have
rearrangements.40

The usual prognosis of malignant pheochromocytoma
is poor, not only related to metastatic disease but also to
heart failure related to excess catecholamines in the cir-
culation, although highly variable in a number of pa-
tients. In this clinical series there was a 36% 5-year
disease-free survival or a 54% raw 5-year survival, simi-
lar to the 44-57% 5-year survival reported by oth-
ers. 82432354447 The peneficial effect of adjuvant
therapy is limited in extent to a decrease in the amount of
hormone effect (partial or complete) and a reduction in
the size of the tumor (either partial or complete). But
overall, chemotherapy (including, although not limited
to, a combination of cyclophosphamide, vincristine,
and dacarbazine) and radiation therapy (including
treatment with '*'I-MIBG) are only of benefit in pallia-
tion by ameliorating the hypertensive effects of the
excess catecholamines and not in cure or complete re-
mission, 410.28:29.32.35.37.39.43.4447.52 [ o few cases the
treatment with radiation or chemotherapy has induced a
hypertensive crisis if the patients were not adequately
adrenergically blocked.'? Whereas surgery remains the

stalwart of therapy, it is important to note that '*'I-MIBG
must be accumulated in the tumor cells to have a thera-
peutic effect. If the metastatic or recurrent tumor deposits
do not accumulate *'I-MIBG in the cells, then this treat-
ment modality does not yield any patient benefit. How-
ever, if there is uptake, then subjective improvement of
the hormonal systems, lowering of the blood pressure,
and pain relief can generally be expected, although com-
plete remission has yet to be achieved.'*'%**

A number of different tumors need to be considered in
the differential diagnosis, although in general benign ver-
sus malignant pheochromocytoma is the more difficult
distinction. An adrenal cortical carcinoma generally will
not have the same architectural pattern. The cells tend to
contain eosinophilic cytoplasm and have vesicular or mi-
crovacuolated cytoplasm and more mitotic activity.
Metastatic tumors account for more neoplasms in the
adrenal gland than primaries and may mimic a pheochro-
mocytoma, but immunophenotypic differences will help
to exclude metastatic disease. Although a malignant
pheochromocytoma is thought to be a tumor of the para-
ganglia cells, if the malignancy is composed almost ex-
clusively of a spindle cell proliferation, a malignant
transformation of the sustentacular cells should be con-
sidered. This type of tumor would almost certainly
mimic a malignant peripheral nerve sheath tumor in ar-
chitectural and cytomorphologic features while also ex-
hibiting S-100 protein immunohistochemical stain-
ing.®'®2° In this clinical series there was no evidence to
support such a malignant transformation, although I do
not doubt the theoretical possibility.

I think that the application of the PASS can benefit the
clinical management decision tree for patients with adre-
nal pheochromocytomas, thereby reserving the more
aggressive treatments for tumors that have a higher
probability of behaving in a biologically aggressive fash-
ion. Widespread application of this scaled score with
appropriate clinical follow-up will help to validate these
findings. |

Acknowledgments

The author thanks Tara Kelly-Baker, PhD, for her statistical
analysis.

REFERENCES

1. Overbite SD, Steakley CS, Young RC, et al. Malignant pheochro-
mocytoma: effective treatment with a combination of cyclophos-
phamide, vincristine, and dacarbazine. Ann Intern Med 1988;109:
267-73.

2. Davis P, Peart WS, van’t Hoff W. Malignant phaeochromocytoma
with functioning metastases. Lancet 1955;2:274-8.

3. Hall PA, Woods AL. Immunohistochemical markers of cellular
proliferation: achievements, problems and prospects. Cell Tissue
Kinet 1990;23:505-22.

4. Hoefnagel CA, Schornagel J, Valdes OR. '*'I metaiodobenzylgua-

Am J Surg Pathol, Vol. 26, No. 5, 2002

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



566

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

nidine therapy of malignant pheochromocytoma: interference of
medication. J Nucl Biol Med 1991;35:308-12.

. Hosaka Y, Rainwater LM, Grant CS, et al. Pheochromocytoma:

nuclear deoxyribonucleic acid patterns studied by flow cytometry.
Surgery 1986;100:1003-8.

. Hosoda S, Suzuki H, Oguri T, et al. Adrenal pheochromocytoma

with both benign and malignant components. Acta Pathol Jpn
1976;26:519-31.

. Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase com-

plex (ABC) in immunoperoxidase techniques: a comparison be-
tween ABC and unlabeled antibody (PAP) procedures. J Histo-
chem Cytochem 1981;29:577-80.

. Kay S. Hyperplasia and neoplasia of the adrenal gland. Pathol

Annu 1976;11:103-25.

. King ESJ. Malignant pheochromocytoma of the adrenals. J Pathol

Bacteriol 1931;34:447-52.

. Krempf M, Lumbroso J, Mornex R, et al. Treatment of malignant

pheochromocytoma with '*'I metaiodobenzylguanidine: a French
multicenter study. J Nucl Biol Med 1991;35:284-7.

. Lewis PD. A cytophotometric study of benign and malignant pheo-

chromocytomas. Virchows Arch A Pathol Anat Histopathol 1971,
9:371-6.

Linnoila RI, Keiser HR, Steinberg SM, et al. Histopathology of
benign versus malignant sympathoadrenal paragangliomas: clini-
copathologic study of 120 cases including unusual histologic fea-
tures. Hum Pathol 1990;21:1168-80.

Lloyd RV, Blaivas M, Wilson BS. Distribution of chromogranin
and S100 protein in normal and abnormal adrenal medullary tis-
sues. Arch Pathol Lab Med 1985;109:633-5.

Medeiros LJ, Wolf BC, Balogh K, et al. Adrenal pheochromocy-
toma: a clinicopathologic review of 60 cases. Hum Pathol 1985;
16:580-9.

Melicow MM. One hundred cases of pheochromocytoma (107 tu-
mors) at the Columbia-Presbyterian Medical Center, 1926-1976.
Cancer 1977;40:1987-99.

. Miettinen M, Saari A. Pheochromocytoma combined with malig-

nant schwannoma: unusual neoplasm of the adrenal medulla. Ul-
trastruct Pathol 1988;12:513-27.

Minno AM, Bennett WA, Kvale WF. Pheochromocytoma: a study
of 15 cases diagnosed at autopsy. N Engl J Med 1954;251:959-68.
Modlin IM, Farndon JR, Shepherd A, et al. Phaeochromocytomas
in 72 patients: clinical and diagnostic features, treatment and long
term results. Br J Surg 1979;66:456-65.

. Mornex R, Badet C, Peyrin L. Malignant pheochromocytoma: a

series of 14 cases observed between 1966 and 1990. J Endocrinol
Invest 1992;15:643-9.

Nativ O, Grant CS, Sheps SG, et al. The clinical significance of
nuclear DNA ploidy pattern in 184 patients with pheochromocy-
toma. Cancer 1992;69:2683-7.

Orchard T, Grant CS, van Heerden JA, et al. Pheochromocytoma:
continuing evolution of surgical therapy. Surgery 1993;114:
1153-9.

Pang LC, Tsao KC. Flow cytometric DNA analysis for the deter-
mination of malignant potential in adrenal and extra-adrenal pheo-
chromocytomas or paragangliomas. Arch Pathol Lab Med 1993;
117:1142-7.

Poll H. Die vergleichende Entwicklung der nebennierensysteme.
In: Hertwig O, ed. Handbuch der Entwicklungsgeschichte des
Menschen und der Wirbeltiere. Jena: Gustave Fischer, 1905:443-8.
Pommier RF, Vetto JT, Billingsly K, et al. Comparison of adrenal
and extraadrenal pheochromocytomas. Surgery 1993;114:1160-6.
Pontremoli R, Borgonovo G, Ranise A, et al. Multiple venous
sampling for catecholamine assay in the diagnosis of malignant
pheochromocytoma. J Endocrinol Invest 1989;12:647-9.
Sakaguchi N, Sano K, Ito M, et al. A case of von Recklinghausen’s
disease with bilateral pheochromocytoma-malignant peripheral
nerve sheath tumors of the adrenal and gastrointestinal autonomic
nerve tumors. Am J Surg Pathol 1996;20:889-97.

Samaan NA, Hickey RC, Shutts PE. Diagnosis, localization, and
management of pheochromocytoma: pitfalls and follow-up in 41
patients. Cancer 1988;62:2451-60.

Schlumberger M, Gicquel C, Lumbroso J, et al. Malignant pheo-
chromocytoma: clinical, biologic, histologic and therapeutic data

Am J Surg Pathol, Vol. 26, No. 5, 2002

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

L. D.R. THOMPSON

in a series of 20 patients with distant metastases. J Endocrinol
Invest 1992;15:631-42.

Schvartz C, Gibold C, Vuillemin B, et al. Results of '*'T metaio-
dobenzylguanidine therapy administered to three patients with ma-
lignant pheochromocytoma. J Nucl Biol Med 1991;35:305-7.
Scopsi L, Castellani MR, Gullo M, et al. Malignant pheochromo-
cytoma in multiple endocrine neoplasia type 2B syndrome: case
report and review of the literature. Tumori 1996;82:480—4.

Scott HWJ, Halter SA. Oncologic aspects of pheochromocytoma:
the importance of follow-up. Surgery 1984;96:1061-6.

Scott HWJ, Reynolds V, Green N, et al. Clinical experience with
malignant pheochromocytomas. Surg Gynecol Obstet 1982;154:
801-18.

Shapiro B, Sisson JC, Lloyd R. Malignant pheochromocytoma:
clinical, biochemical, and scintigraphic characterization. Clin En-
docrinol 1984;20:189-201.

Shapiro B, Sisson JC, Wieland DM, et al. Radiopharmaceutical
therapy of malignant pheochromocytoma with '*'I metaiodoben-
zylguanidine: results from ten years of experience. J Nucl Biol Med
1991;35:269-76.

Sheps SG, Jiang N-S, Klee GG, et al. Recent developments in the
diagnosis and treatment of pheochromocytoma. Mayo Clin Proc
1990;65:88-95.

Sherwin RP. Histopathology of pheochromocytoma. Cancer 1959;
12:861-72.

Sisson JC, Shapiro B, Beierwaltes WH, et al. Radiopharmaceutical
treatment of malignant pheochromocytoma. J Nucl Med 1984;24:
197-206.

Symington T, Goodall AL. Studies in phaeochromocytoma: I.
Pathologic aspects. Glas Med J 1953;34:75-83.

Tada K, Okuda Y, Yamashita K. Three cases of malignant pheo-
chromocytoma treated with cyclophosphamide, vincristine, and
dacarbazine combination chemotherapy and alpha-methyl-p-
tyrosine to control hypercatecholaminemia. Horm Res 1998;49:
295-7.

Takaya K, Yoshimasa T, Arai H, et al. Expression of the RET
proto-oncogene in normal human tissues, pheochromocytomas,
and other tumors of neural crest origin. J Mol Med 1996;74:
617-21.

Tato A, Orte L, Diz P, et al. Malignant pheochromocytoma, still a
therapeutic challenge. Am J Hypertens 1997;10:479-81.
Troncone L, Maini CL, De Rosa G, et al. Scintigraphic localization
of a disseminated malignant pheochromocytoma with the use of
131I-meta-iodobenzylguanidine. Eur J Nucl Med 1984;9:429-32.
Troncone L, Rufini V, Daidone MS, et al. '*'I metaiodobenzyl-
guanidine treatment of malignant pheochromocytoma: experience
of the Rome group. J Nucl Biol Med 1991;35:295-9.

Ulchaker JC, Goldfarb DA, Bravo EL, et al. Successful outcomes
in pheochromocytoma surgery in the modern era. J Urol 1999;
161:764-7.

Unger P, Hoffman K, Pertsemlidis D, et al. S100 protein-positive
sustentacular cells in malignant and locally aggressive adrenal
pheochromocytomas. Arch Pathol Lab Med 1991;115:484-17.

van Heerden JA, Roland CF, Carney JA, et al. Long-term evalu-
ation following resection of apparently benign pheochromocy-
toma(s)/paraganglioma(s). World J Surg 1990;14:325-9.

van Heerden JA, Sheps SG, Hamberger B, et al. Pheochromocy-
toma: current status and changing trends. Surgery 1982;91:367-73.
Walther MM, Keiser HR, Choyke PL, et al. Management of he-
reditary pheochromocytoma in von Hippel-Lindau kindreds with
partial adrenalectomy. J Urol 1999;161:395-8.

Walther MM, Keiser HR, Linechan WM. Pheochromocytoma:
evaluation, diagnosis, and treatment. World J Urol 1999;17:35-9.
Webb TA, Sheps SG, Carney JA. Differences between sporadic
pheochromocytoma and pheochromocytoma in multiple endocrine
neoplasia, type 2. Am J Surg Pathol 1980;4:121-8.

Westfried M, Mandel D, Alderete MN, et al. Sipple’s syndrome
with a malignant pheochromocytoma presenting as a pericardial
effusion. Cardiology 1978;63:305-11.

Wu LT, Dicpinigaitis P, Bruckner H, et al. Hypertensive crises
induced by treatment of malignant pheochromocytoma with a com-
bination of cyclophosphamide, vincristine, and dacarbazine. Med
Pediatr Oncol 1994;22:389-92.



