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Context: Pheochromocytomas and sympathetic paragangliomas are rare neuroendocrine tumors
for which no precise histological or molecular markers have been identified to differentiate benign
from malignant tumors.

Objective: The aim was to determine whether primary tumor location and size are associated with
malignancy and decreased survival.

Design and Setting: We performed a retrospective chart review of patients with either pheochro-
mocytoma or sympathetic paraganglioma.

Patients: The study group comprised 371 patients.

Main Outcome Measures: Overall survival and disease-specific survival were analyzed according to
tumor size and location.

Results: Sixty percent of patients with sympathetic paragangliomas and 25% of patients with
pheochromocytomas had metastatic disease. Metastasis was more commonly associated with pri-
mary tumors located in the mediastinum (69%) and the infradiaphragmatic paraaortic area, in-
cluding the organ of Zuckerkandl (66%). The primary tumor was larger in patients with metastases
than in patients without metastatic disease (P < 0.0001). Patients with sympathetic paraganglio-
mas had a shorter overall survival than patients with pheochromocytomas (P < 0.0001); increased
tumor size was associated with shorter overall survival (P < 0.001). Patients with sympathetic
paragangliomas were twice as likely to die of disease than patients with pheochromocytomas
(hazard ratio = 1.93; 95% confidence interval = 1.20-3.12; P = 0.007). As per multivariate analysis,
the location of the primary tumor was a stronger predictor of metastases than was the size of the
primary tumor.

Conclusions: The size and location of the primary tumor were significant clinical risk factors for
metastasis and decreased overall survival duration. These findings delineate the follow-up and
treatment for these tumors. (J Clin Endocrinol Metab 96: 717-725, 2011)
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heochromocytomas (PHEOs) and paragangliomas
P (PGLs) are rare neuroendocrine tumors. According
to the Pheochromocytoma and Paraganglioma Alliance,
approximately 55,000 new PHEO and PGL cases are ex-
pected each year worldwide. Most of these tumors are
benign. Although the rate of malignancy has long been
cited as 10% (1), others have estimated that it may be as
high as 26% (2). In contrast to many other cancers, ma-
lignant PHEOs and PGLs lack histological or molecular
markers that reliably distinguish them from benign tumors
(1). The World Health Organization classification lists the
presence of metastases, not local invasion, as the only ac-
cepted criterion for a diagnosis of malignant PHEO or
PGL (3). Many malignant tumors may be initially classi-
fied as benign, with no follow-up after surgical resection
of the primary tumor. Unfortunately, some of these cases
may later present with widely metastatic disease for which
surgery is no longer an option and chemotherapy may
have variable efficacy. The 5-yr overall survival of patients
with unresectable metastasesis 40-72% (4, 5). Therefore,
there is a need to identify clinical predictors of metastasis
to better guide the treatment and follow-up of patients
with these tumors.

In the past decade, researchers have made major ad-
vances in understanding the genetics and carcinogenesis of
these tumors. It is now recognized that many PHEQs/
PGLs occur as a consequence of deregulation in intracel-
lular oxygen metabolism (6). Apart from the well-de-
scribed familial syndromes associated with PHEO and
PGL, such as multiple endocrine neoplasia type 2, neuro-
fibromatosis type 1, and von Hippel-Lindau disease (7),
inactivating germline mutations of the mitochondrial suc-
cinate dehydrogenase complex II subunits B, C, and D
have also been described in PGL syndrome types 4, 3, and
1, respectively (8—10). Recently, germline mutations in the
SDHAF2 (PGL syndrome type 2) (11,12), the SDHA, and
the TMEM127 genes have been described in association
with PHEO/PGLs (13, 14). Mutations in the SDHB gene
are the mutations most frequently associated with meta-
static PHEO and PGL (2, 15-17). Although a causal link
for the association has not been established yet, it is clear
that mutations in the SDHB gene predict tumor aggres-
siveness and poor survival in PHEOs/PGLs (18). How-
ever, a substantial number of patients with metastatic
PHEO or PGL (=50%) do not carry the SDHB germline
mutations (19).

Small series and case reports have suggested that the
size and location of the primary tumor may be clinical
predictors of aggressiveness in PHEOs/PGLs. For instance,
metastases are rare in head and neck parasympathetic PGL
(20), and large primary tumors have been frequently asso-
ciated with metastases. Thus, we hypothesized that the size
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and location of the primary tumor at diagnosis are risk fac-
tors for metastases and therefore are associated with a re-
duced overall survival in patients with PHEO or sympathetic
PGL (sPGL). The results of this analysis could help guide the
aggressiveness of treatment and follow-up of patients with
these tumors.

Subjects and Methods

Subjects

After obtaining approval from The University of Texas MD
Anderson Cancer Center institutional review board, we searched
the MD Anderson tumor registry and identified the medical re-
cords of 496 patients diagnosed with PHEO or PGL between
1960 and December 2009. We created a large database using
Microsoft SQL Server (version 2008; Microsoft Corporation,
Redmond, WA) and Microsoft Office (version 2007; Microsoft
Corporation). We included 96 variables with demographic, clin-
ical, laboratory, imaging, pathology, and treatment information.
Primary tumor location and size and metastases were verified by
pathology, surgical, and/or radiographic reports. Overall sur-
vival and disease-specific survival were analyzed according to
tumor size and location. Because PGLs of the head and neck are
usually non-hormone-producing parasympathetic tumors, pa-
tients with these tumors were excluded from this study. Patients
whose diagnosis could not be confirmed by biochemical, radio-
graphic, and/or histopathological studies in the record were also
excluded.

We defined a PHEO as a chromaffin tumor originating in the
adrenal medulla and sPGL as a chromaffin tumor originating in
the sympathetic portion of the autonomic nervous system para-
ganglia outside the adrenal medulla. sPGLs were categorized
according to the location of the primary tumor. The five types of
sPGLs identified were: mediastinum, organ of Zuckerkandl, in-
fradiaphragmatic paraaortic (other than the organ of Zucker-
kandl), bladder, and other (i.e. peripancreatic, perirenal, ezc.).
For patients with multiple PHEOs and/or sPGLs, data were
counted once, and the analysis was based on the clinical features
of the largest tumor.

We defined metastatic disease as the presence of tumor in
anatomical sites where chromaffin tissue is not normally present,
such as the bone, liver, and lungs. Patients with metastases were
subdivided into two groups: those who had metastatic disease at
the time of diagnosis or within 6 months of diagnosis (synchro-
nous metastases), and those who developed metastatic disease 6
months or more after diagnosis and resection of the primary
tumor (metachronous metastases).

Statistical analyses

Descriptive statistics were used to provide a summary of the
data. Frequency and percentages were reported for categorical
variables; and summary statistics, including mean, sp, median,
and range, were computed for continuous outcomes. We used
the x” test to compare categorical variables between patient sub-
groups. For continuous variables, we used the Wilcoxon rank
sum test to evaluate differences in distribution between patient
subgroups. We used the Kaplan-Meier method to estimate over-
all survival and the log-rank test to compare overall survival
between patient subgroups; overall survival was defined as the
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TABLE 1. Patient demographics

Patient demographics PHEO sPGL P value Total
Overall 267 (72%) 104 (28%) 371 (100%)
Age (yr)? 41 (6-83) 41 (5-77) 0.497° 41 (5-83)
Sex

Male 123 (46.1%) 62 (59.6%) 0.019¢ 185 (49.9%)

Female 144 (53.9%) 42 (40.4%) 186 (50.1%)
Race

White 205 (76.8%) 66 (63.5%) 0.013¢ 271 (73.0%)

Hispanic 29 (10.8%) 13(12.5%) 42 (11.3%)

African-American 21(7.9%) 20(19.2%) 41 (11.0%)

Other 12 (4.5%) 5(4.8%) 17 (4.6%)
Tumor size (cm)>< 5.2 (0.4-21) 7 (1-24) 0.002° 6 (0.4-24)

2 Data represent median (minimum-maximum).
b pvalue based on a Wilcoxon rank sum test.

¢ Pvalue based on a x 2 test.

9 Based on 290 patients with complete data (214 pheochromocytoma; 76 paraganglioma).

time from the date of diagnosis of the primary tumor to the date
of death or date of last follow-up for patients remaining alive.
Univariate and multivariate Cox proportional hazards regres-
sion models were evaluated to assess the association of clinical
factors with overall survival. All tests were two-sided, and P
values less than 0.05 were considered statistically significant. All
analyses were conducted using SAS (version 9.1; SAS Institute,
Cary, NC) and S-plus 8.0 (TIBCO Software Inc., Palo Alto, CA).

Results

Patient demographics

After exclusions, the study group comprised 371 pa-
tients. Of these, 267 had PHEOs, and 104 had sPGLs. The
median patient age at diagnosis was 41 yr (range, 5-83 yr),
regardless of tumor type. This cohort included 185 males
and 186 females. Males had fewer PHEOs (46.1%) than
sPGLs (59.6%; P = 0.019). The distribution of tumor
types by race was similar to overall distribution with the
following exceptions: African-Americans had more sPGLs
(19.2%) than PHEOs (7.9%), and whites had fewer sPGLs
(63.5%) than PHEOs (76.8%; P = 0.013) (Table 1).

Tumor size

Primary tumor size was available in 290 patients. The
size was determined by pathology, radiology, and surgical
reports in 242 (83.5%), 41 (14.1%), and seven (2.4%)
patients, respectively.

Computerized tomography became available in our in-
stitution in 1976. Of the 371 patients, 27 (7.2%) were
diagnosed with PHEO/sPGL before 1976. Nine had me-
tastases. It is then possible that a few patients with met-
astatic disease were missed.

Disease status by tumor type and location
Of the 267 patients with PHEOs, 68 patients (25.5%)
had metastases, and 37 of them had metachronous me-

tastases. Of the 104 patients with sPGLs, 63 patients
(60.6%) had metastases, 27 of whom had metachronous
metastases. The odds of metastases were nearly 4.5 times
higher for patients with sPGLs than for patients with
PHEOs [odds ratio = 4.5; 95 % confidence interval (CI) =
2.8-7.3; P < 0.001]. In sPGL cases, incidence of metas-
tasis was higher in patients with primary tumors located
within the mediastinum (69%) or in the infradiaphrag-
matic paraaortic area, including the organ of Zuckerkandl
(66%). Twenty-one patients had primary tumors located
within the organ of Zuckerkandl, fourteen of whom had
metastases (Table 2).

Overall survival by tumor type

The median follow-up time for the censored observa-
tions was 5.8 yr (range, 0.01-57.3 yr). Four patients with
PHEOs whose tumors were diagnosed at autopsy were
excluded from the overall survival analysis. When analyz-
ing the overall survival rates of the remaining 263 patients
with PHEOs and the 104 patients with sPGLs, we found
that overall survival was 20.69 yr (95% CI = 17.04-
30.80) for patients with PHEOs and 9.45 yr (95% CI =
6.53-16.80; log-rank test, P < 0.0001) for patients with
sPGLs (Fig. 1A). Although patients with sPGLs exhibited
a worse median survival than patients with PHEOs, the

TABLE 2. Location of sPGLs based on the presence of
metastases

sPGL location Nonmetastatic Metastatic Total

Infradiaphragmatic 16 (34%) 31 (65.9%) 47
paraaortic

Organ of 7 (33.3%) 14 (66.6%) 21
Zuckerkandl

Mediastinum 4 (30.7%) 9(69.2%) 13

Bladder 5 (55.5%) 4 (44.4%) 9

Other 9 (64.2%) 5(35.7%) 14
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FIG. 1. A, Overall survival in patients with PHEOs and sPGLs. Four
patients with PHEOs whose tumors were diagnosed at autopsy were
excluded from the overall survival analysis. B, Overall survival in
patients with metastatic PHEOs and sPGLs. E/N, number of events/total
number of patients.

survival rates of patients with metastatic disease were sim-
ilar between the two tumor types (log-rank test, P =
0.881) (Fig. 1B).

Tumor size by disease status

The primary tumor size was available for analysis in
290 patients. Of these, 201 did not have metastases, and
89 had metastases. The primary tumor size was larger in
patients with metastatic PHEO and sPGL than in patients
with nonmetastatic disease. Regardless of tumor location,
the median primary tumor size was 8.2 cm for tumors
associated with metastases. The median primary tumor
size was 4.9 cm for tumors not associated with metastases
(Wilcoxon rank sum test, P < 0.0001) (Fig. 2A). There
was no difference in median tumor size between metastatic
PHEOs and metastatic sSPGLs (median, 9.0 vs. 7.5 cm; P =
0.138) (Fig. 2B). Surprisingly, 16% of patients (14 of 89
patients with complete tumor size data) with metastatic
disease had primary tumors smaller than 5 cm. Of these,
11 patients (78.5%) had sPGLs, including synchronous
lymph node metastatic disease (n = 5), synchronous met-
astatic disease to the liver (n = 1), synchronous metastasis
to the aortic arch (n = 1), metachronous metastases to the
bone (n = 3), and metachronous metastases to the breast
(n=1). Three of the 14 patients (21.4%) had PHEOs, two
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FIG. 2. A, Primary tumor size in patients with metastatic and
nonmetastatic tumors. B, Primary tumor size in metastatic PHEOs and
sPGLs.

of them had synchronous metastases to the liver, and one
had synchronous metastases to lymph nodes.

Tumor size and overall survival rates

The median survival time for patients with tumors §
cm or larger was 15.0 yr (95% CI = 7.6-25.1). The
median survival time for patients with tumors smaller
than 5 cm was 18.5 yr (95% CI = 16.5-NA; log-rank
test, P = 0.009).

Hazard ratio (HR) for death: Cox proportional
hazards regression models

In the univariate analysis, increased tumor size was sig-
nificantly associated with worse overall survival (HR =
1.11; 95% CI = 1.06-1.15; P < 0.0001). Tumor size
remained significant in the multivariate model (HR =
1.08; 95% CI = 1.04-1.13; P = 0.0003) while adjusting
for age, gender, and tumor location. Patients with sPGLs
had two times higher risk of death (HR = 2.03;95% CI =
1.43-2.89; P < 0.0001) than patients with PHEOs. Tu-
mor type (i.e. sSPGL or PHEO) also remained significant in
the multivariate model with a HR of 1.93 (95% CI =
1.20-3.12; P = 0.0003; Table 3). A separate analysis in
patients with no metastatic PHEOs at diagnosis showed
similar results (Table 4).

Frequency of synchronous vs. metachronous
metastases

Fifty-one percent of the patients with metastatic disease
had synchronous metastases, and 49 % had metachronous
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TABLE 3. Cox proportional hazards regression model for risk of death overall survival

Univariate analysis Multivariate analysis

No. of No. of P No. of No. of P
Covariates patients deaths HR (95% Cl) value patients deaths HR (95% Cl) value

Age (yr) 367 135 1.03 (1.02-1.04) <0.0001 287 86 1.02(1.01-1.04) 0.004
Gender

Males 183 75 1.0 143 46 1.0

Females 184 60 0.77 (0.55-1.08) 0.128 144 40 0.95(0.61-1.48) 0.823
Tumor type

Pheochromocytoma 263 85 1.0 211 57 1.0

Paraganglioma 104 50 2.03(1.43-2.89) <0.0001 76 29 1.93(1.20-3.12) 0.007
Tumor size (cm) 287 86 1.11(1.06-1.15) <0.0001 287 86 1.08 (1.04-1.13) 0.0003

Four patients with their tumor diagnosed at autopsy were excluded from overall survival analysis. Of the 371 patients, information on tumor size

was available for 290.

disease. In 73 % of patients with synchronous metastases,
the diagnosis of malignancy was made by their referring
institutions.

Overall survival by date of diagnosis

The multivariate Cox proportional hazard model
showed that the overall survival of patients diagnosed
with PHEO and sPGL before 1985 was not different
from the overall survival of patients diagnosed with
these tumors after 1985 (HR = 1.12;95% CI = 0.62~
2.04; P = 0.70).

Hereditary syndromic disease

In our cohort, 115 patients underwent gene testing.
Seventy-three tested positive (RET = 43, VHL = 14,
SDHB = 12, SDHD = 2, SDHC = 1, MEN1 = 1). Three
patients with metastatic PHEO carried germline RET mu-
tations. VHL mutations were found in two patients with
metastatic PHEO (DNA change ¢. 500 G > A and ¢. 457
T > C). One patient with metastatic PHEO had a MEN1
phenotype.

Genetic analysis for SDHB, SDHC, and SDHD mu-
tations was introduced in our institution in 2005. Of the
21 patients with metastatic tumors analyzed for germ-
line SDHx mutations, nine patients were carriers of

SDHB mutations (43%), and one was a carrier of a
SDHC deletion mutation (4.8%). Table 5 describes the

primary tumor size and location in patients with met-
astatic PHEO/sPGL who were carriers of SDHx
mutations.

Discussion

Malignant PHEOs and sPGLs are rare, aggressive tumors
that are associated with decreased survival. Frequently,
distant and unresectable metastases present after the pri-
mary tumor has been surgically removed. According to
our study, up to 50% of patients with malignant tumors
will present with metachronous metastatic disease. To
date, surgery is the only treatment that can cure patients
with locally recurrent or distant resectable metastasis.
Unfortunately, there are no reliable histological features dis-
tinguishing between benign and malignant primary tumors.
Consequently, many patients do not receive adequate fol-
low-up care after removal of the primary tumor; this makes
early identification of relapsing disease difficult, which can
have devastating effects because early detection is key to a
tumor’s resectability. The primary tumor’s characteristics,
such as invasion of local blood vessels or surrounding tissue,
and its size and location have been suspected to be predictors
of malignancy. Given the rarity of these tumors, clinical stud-
ies have failed to confirm these aspects as predictors of ma-
lignancy and survival.

TABLE 4. Patients with pheochromocytoma with no metastasis at diagnosis

Univariate analysis

Multivariate analysis

No. of No. of P No. of No. of P
Covariates patients  deaths HR (95% CI) value patients  deaths HR (95% CI) value
Age (yr) 237 67 1.04 (1.02-1.06) <0.001 192 44 1.04 (1.02-1.06) <0.001
Gender
Males 109 35 1.0 87 21 1.00
Females 128 32 0.78 (0.48-1.26) 0.314 105 23 0.85 (0.47-1.53) 0.581
Tumor size (cm) 192 44 1.09 (1.02-1.15) 0.007 192 44 1.04 (0.98-1.11) 0.178

Cox proportional hazards regression model for risk of death overall survival. Multivariate analysis could not been done in patients with sPGL with

no metastases at diagnosis, given the small sample for analysis.
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TABLE 5. Demographics in patients with SDHB and SDHC mutations and metastatic PHEOs and sPGLs

Age at Primary tumor DNA

Dx (yr) Mutation size (cm) Dx Location Exon change Status
42 SDHB 15 sPGL Zuckerkandl| Complete deletion DOD
28 SDHB 8.5 sPGL Zuckerkand! Complete deletion NED
50 SDHB 10 SPGL Zuckerkandl 2 ¢.112_113ins CC DOD
50 SDHC N/A SPGL Zuckerkandl Complete deletion DOD
12 SDHB N/A sPGL Paraaortic 7 C.688int G AWD
49 SDHB 9 SPGL Paraaortic 2 c.137 G>A AWD
49 SDHB 4.9 SPGL Pararenal 6 C. 642 G>C AWD
26 SDHB N/A sPGL Zuckerkand! 4 c418 G>T DOD
54 SDHB 3.2 Pheo R-Adrenal 7 Arg242His NED
31 SDHB N/A Pheo R-Adrenal 4 c418 G>T NED

Dx, Diagnosis; R-Adrenal, right adrenal; N/A, not available; DOD, death of disease; NED, no evidence of disease; AWD, alive with disease.

However, we found that the size and type of the pri-
mary tumor are significantly associated with metastasis
and decreased overall survival in patients with PHEO and
sPGL. Patients with sSPGLs had worse overall survival than
patients with PHEOs. Contrary to previous findings by
Goldstein et al. (21), who found no significant difference
in the rate of malignancy between PHEOs and PGLs, we
found that approximately 65-70% of patients with sPGLs
originating in the infradiaphragmatic paraaortic paragan-
glia or the mediastinum exhibited metastases, whereas
only 25% of patients with PHEOs had metastatic disease.
Within the group of patients with infradiaphragmatic
paraaortic sPGLs, we included tumors that originated in
the organ of Zuckerkandl, the chromaffin tissue found in
the paraaortic location below the inferior mesenteric ar-
tery and above the bifurcation of the aorta as originally
described by the Austrian anatomopathologist Emil Zuck-
erkandl in 1901 (22). In our study, 66% of the sPGLs
originating in the organ of Zuckerkandl were associated
with metastasis. With regard to the other sPGLs, such as
those originating in the bladder, a similar percentage of
metastasis was found.

Despite the common origin of PHEOs/sPGLs, the
mechanisms of tumorigenesis in the adrenal medulla may
differ from the mechanisms of tumorigenesis in the other
sympathetic ganglia. The adrenal medulla is considered a
modified sympathetic autonomous nervous system gan-
glia. Unlike the other sympathetic ganglia, the adrenal
medulla releases epinephrine directly into the blood
stream because of the large amounts of phenylethano-
lamine N-methyltransferase. This differs from the sympa-
thetic ganglia where norepinephrine is the main catechol-
amine secreted into the synaptic space. The positive
regulation of phenylethanolamine N-methyltransferase
by cortisol (23, 24) and the lower incidence of malignancy
in PHEOs than in sPGLs led us to speculate that the ad-
renal cortex may impact the development of malignancy in
the adrenal medulla in certain individuals. Although this
has not been demonstrated in adrenal tissue, it has been

suggested in thyroid tissue (interactions of follicular cells
with the neuroendocrine parafollicular cells) (25).

PHEOs/sPGLs are tumors that present with variable
size. It has been suggested that the risk of malignancy is
associated with increasing tumor size (26,27). There is not
a clear cutoff size to distinguish benign from malignant
lesions. Our findings suggest that patients with malignant
tumors have decreased survival when the tumor is 5 cm or
larger. However, in almost 16% of patients with meta-
static tumors, the primary tumors were smaller than 5 cm.
In our group, 11 (78.5%) were sPGLs, and three were
PHEO:s. In our series, there was a wide variability in size
between metastatic and nonmetastatic tumors. For in-
stance, a few patients with tumors as small as 2 cm had
synchronous metastatic disease (lymph node metastases),
and 1-cm tumors produced metastatic disease (bone)
within 1 yr after surgical excision. These findings should
encourage the clinician to be aggressive in early diagnosis,
treatment, and follow-up and not to assume that small
tumors are always benign.

In the univariate analysis, females had a trend toward
a decreased risk of death, although it did not reach statis-
tical significance. Of the three potential clinical predictors
(tumor size, gender, and location), the location of the pri-
mary tumor was associated with the highest HR for death,
both in univariate and multivariate analyses, followed by
primary tumor size.

Since Baysal’s (28) initial description of the relationship
between PHEOs/sPGLs with mutations in the succinate
dehydrogenase complex, the way to approach these tu-
mors has changed. To date, 17-35% of PHEOs/sPGLs are
associated with hereditary germline mutations (7, 15).
Mutations in the RET, NF1, and VHL genes cause a phe-
notype mainly characterized by PHEO, whereas muta-
tions in the SDHx genes are mainly associated with PGL.
There is strong evidence to support the relationship be-
tween mutations of the SDHB gene and the presence of
malignant tumors (2, 19, 29, 30). Since 20035, our insti-
tution has offered SDHx gene testing to all patients with
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metastatic PHEO/sPGL. Nonetheless, because of its recent
introduction in clinical practice, its high cost, the lack of
insurance coverage, and patients’ fear of discrimination or
feelings of guilt for transmitting the genetic mutation to
their children, most of the patients included in this study
lacked genetic analysis. Now that testing is more widely
available, insurance coverage of genetic testing is increas-
ing, and with the passage of the Genetic Information Non-
discrimination Act of 2008, it is likely that more patients
will have access to genetic testing without fear of insurance
discrimination. We are now considering recontacting our
patients and families to offer genetic testing.

Of the patients in whom genetic analysis was done,
approximately 50% of metastatic tumors tested positive
for germline SDHB mutations. In most of these patients,
the disease was identified as sSPGL rather than PHEO. Re-
cently, a high prevalence of germline SDHD and SDHB
mutations has been described in patients with sPGLs orig-
inating in the mediastinum and the organ of Zuckerkandl
(31). Because metastatic sSPGLs are not common in PGL
syndrome type 1 (32, 33), we suspect that a substantial
number of these patients are carriers of SDHB mutations.
PHEO/sPGL are apparently very rare in PGL syndrome
type 3 (34, 35), and their prevalence is unknown in the
recently described PGL syndrome type 2 (11, 12). We
found one patient with a metastatic sSPGL who carried a
complete SDHC gene deletion that was not found by reg-
ular genetic testing. Because SDHC gene analysis is not
frequently offered to patients with metastatic PHEO or
sPGL, itis possible that the prevalence of SDHC mutations
could be higher than expected. Whether germline SDHB
mutations are independent risk factors for metastases is
the topic of further research.

Survival studies in metastatic PHEOs/PGLs are limited
to small series. Sympathetic PGLs are more prone to de-
velop metastases. When metastatic, they exhibit aggres-
siveness similar to that of metastatic PHEOs. These results
may be surprising because SD HB-positive tumors (mainly
sPGLs) are associated with a decreased survival (18).
Therefore, the final mechanisms responsible for the ap-
pearance of metastases in both types of tumors could be
similar in a substantial number of patients. In fact, many
apparently sporadic PHEOs and sPGLs could display a
similar and rich expression of angiogenesis, hypoxia, and
extracellular matrix elements, in addition to suppression
of oxidoreductase enzymes with increased intracellular
hypoxia-inducible factor concentrations (36). However,
in some SDHB-related PHEOs and sPGLs the HIF2 «
overexpression (37) and pseudohypoxia may play an im-
portant role.

The main repercussions of this study are related to the
duration of the follow-up and the surgical treatment re-
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quired for patients with PHEOs/sPGLs. Approximately
35% of our patients had metastases. Although this num-
ber likely reflects a referral bias, in the context of a rare
disease it strongly suggests that more than 10% of these
tumors are malignant. In many of these patients, metas-
tases were discovered years after the initial diagnosis. We
recommend a long-term follow-up for individuals with
sPGL, for all carriers of genetic mutations, and for all
patients with tumors 5 cm or larger. The follow-ups
should include biochemical studies, such as plasma meta-
nephrines, and radiographic studies, such as computed
tomography or magnetic resonance imaging. We are not
able to provide follow-up guidelines on these tumors be-
cause the follow-up strategies offered to our patients were
left to the discretion of each treating physician. Despite the
introduction of radiographic and nuclear medicine studies
in the early 1980s and the identification of biochemical
markers for follow-up, the survival rates over the last 25
yr in our institution do not differ from the survival rates
observed years before. Perhaps, with the introduction of
early screening of susceptible individuals and the devel-
opment of new therapies, the survival rates will improve.
In the meantime, the experience of referral institutions on
this disease must be collected and presented as guidelines
to provide clinicians with specific details on how to ap-
proach patients with these rare tumors. While waiting for
these guidelines to occur, an individualized multidisci-
plinary approach should be offered.

Our results can impact the choice of surgical approach
used to resect PHEOs/sPGLs. Although the laparoscopic
approach has been considered safe in patients with benign
PHEOs (38), there is limited experience with metastatic
PHEOs/sPGLs. The use of laparoscopy in patients with
primary adrenal malignancies is controversial because
laparoscopic approaches are inferior regarding nodal
sampling, and there are real risks of tumor rupture in large
tumors (39,40); therefore, we suggest a cautious approach
in patients with sSPGL, regardless of the size of the primary
tumor and for PHEOs § c¢m or larger.

Our study has some limitations, including the inherent
limitations of a retrospective review. The study likely re-
flects a referral bias to a cancer institution. Our results
should be interpreted cautiously because the rates of ma-
lignancy may not be applied population wide. Finally, we
lack genetic analyses for the entire cohort.

Nevertheless, the study has multiple strengths. All pa-
thology specimens and radiology studies have been re-
viewed by specialists who have confirmed the diagnosis
and who have differentiated metastatic lymph nodes from
multiple PGLs. Most patients have had long-term follow-
up. Furthermore, to the best of our knowledge this study
represents the largest series from a single institution de-
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scribing the clinical factors associated with the develop-
ment of metastases in patients with PHEOs/sPGLs.

In conclusion, the primary tumor size and the primary
tumor location are significant clinical factors associated
with metastases and decreased overall survival in patients
with PHEOs/sPGLs. Many patients with these tumors
need a more aggressive surgical approach at diagnosis and
long-term follow-up.

Acknowledgments

Address all correspondence and requests for reprints to: Camilo
Jimenez, M.D., Department of Endocrine Neoplasia and Hor-
monal Disorders, Unit 1461, The University of Texas MD An-
derson Cancer Center, 1400 Pressler Street, Houston, Texas
77030. E-mail: ¢cjimenez@mdanderson.org.

Disclosure Summary: The authors have nothing to disclose.

References

1. Eisenhofer G, Bornstein SR, Brouwers FM, Cheung NK, Dahia PL,
de Krijger RR, Giordano TJ, Greene LA, Goldstein DS, Lehnert H,
Manger WM, Maris JM, Neumann HP, Pacak K, Shulkin BL, Smith
DI, Tischler AS, Young Jr WF 2004 Malignant pheochromocytoma:
current status and initiatives for future progress. Endocr Relat Can-
cer 11:423-436

2. Gimenez-Roqueplo AP, Favier J, Rustin P, Rieubland C, Crespin M,
Nau V, Khau Van Kien P, Corvol P, Plouin PF, Jeunemaitre X 2003
Mutations in the SDHB gene are associated with extra-adrenal and/or
malignant phaeochromocytomas. Cancer Res 63:5615-5621

3. DeLellis RA, Lloyd RV, Heitz PU, Eng C 2004 Pathology and ge-
netics of tumours of endocrine organs. World Health Organization
Classification of Tumours. IARC Press: Lyon, France

4. Chrisoulidou A, Kaltsas G, Ilias I, Grossman AB 2007 The diagnosis
and management of malignant phaeochromocytoma and paragan-
glioma. Endocr Relat Cancer 14:569-585

5. Nomura K, Kimura H, Shimizu S, Kodama H, Okamoto T, Obara
T, Takano K 2009 Survival of patients with metastatic malignant
pheochromocytoma and efficacy of combined cyclophosphamide,
vincristine, and dacarbazine chemotherapy. J Clin Endocrinol
Metab 94:2850-2856

6. Gimenez-Roqueplo AP 2006 New advances in the genetics of pheo-
chromocytoma and paraganglioma syndromes. Ann NY Acad Sci
1073:112-121

7. Jiménez C, Cote G, Arnold A, Gagel RF 2006 Review: Should pa-
tients with apparently sporadic pheochromocytomas or paragan-
gliomas be screened for hereditary syndromes? J Clin Endocrinol
Metab 91:2851-2858

8. Astuti D, Latif F, Dallol A, Dahia PL, Douglas F, George E, Skoldberg
F, Husebye ES, Eng C, Maher ER 2001 Gene mutations in the succinate
dehydrogenase subunit SDHB cause susceptibility to familial pheo-
chromocytoma and to familial paraganglioma. Am ] Hum Genet 69:
49-54

9. Baysal BE, Ferrell RE, Willett-Brozick JE, Lawrence EC, Myssiorek
D, Bosch A, van der Mey A, Taschner PE, Rubinstein WS, Myers
EN, Richard 3rd CW, Cornelisse CJ, Devilee P, Devlin B 2000 Mu-
tations in SDHD, a mitochondrial complex II gene, in hereditary
paraganglioma. Science 287:848-851

10. Niemann S, Miiller U 2000 Mutations in SDHC cause autosomal
dominant paraganglioma, type 3. Nat Genet 26:268-270

Predictors for Malignancy in Paragangliomas

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

J Clin Endocrinol Metab, March 2011, 96(3):717-725

Bayley JP, Kunst HP, Cascon A, Sampietro ML, Gaal ], Korpershoek
E, Hinojar-Gutierrez A, Timmers HJ, Hoefsloot LH, Hermsen MA,
Suarez C, Hussain AK, Vriends AH, Hes F], Jansen JC, Tops CM,
Corssmit EP, de Knijff P, Lenders JW, Cremers CW, Devilee P,
Dinjens WN, de Krijger RR, Robledo M 2010 SDHAF2 mutations
in familial and sporadic paraganglioma and phaeochromocytoma.
Lancet Oncol 11:366-372

Hao HX, Khalimonchuk O, Schraders M, Dephoure N, Bayley JP,
Kunst H, Devilee P, Cremers CW, Schiffman JD, Bentz BG, Gygi SP,
Winge DR, Kremer H, Rutter J 2009 SDHS, a gene required for
flavination of succinate dehydrogenase, is mutated in paragangli-
oma. Science 325:1139-1142

Burnichon N, Bri¢re JJ, Libé R, Vescovo L, Riviere ], Tissier F,
Jouanno E, Jeunemaitre X, Bénit P, Tzagoloff A, Rustin P, Bertherat
J, Favier ], Gimenez-Roqueplo AP 2010 SDHA is a tumor suppres-
sor gene causing paraganglioma. Hum Mol Genet 19:3011-3020
Qin Y, Yao L, King EE, Buddavarapu K, Lenci RE, Chocron ES,
Lechleiter JD, Sass M, Aronin N, Schiavi F, Boaretto F, Opocher G,
Toledo RA, Toledo SP, Stiles C, Aguiar RC, Dahia PL 2010 Germ-
line mutations in TMEM127 confer susceptibility to pheochromo-
cytoma. Nat Genet 42:229-233

Amar L, Bertherat J, Baudin E, Ajzenberg C, Bressac-de Paillerets B,
Chabre O, Chamontin B, Delemer B, Giraud S, Murat A, Niccoli-
Sire P, Richard S, Rohmer V, Sadoul JL, Strompf L, Schlumberger M,
Bertagna X, Plouin PF, Jeunemaitre X, Gimenez-Roqueplo AP 2005
Genetic testing in pheochromocytoma or functional paraganglioma.
J Clin Oncol 23:8812-8818

Benn DE, Gimenez-Roqueplo AP, Reilly JR, Bertherat J, Burgess J,
Byth K, Croxson M, Dahia PL, Elston M, Gimm O, Henley D,
Herman P, Murday V, Niccoli-Sire P, Pasieka JL, Rohmer V, Tucker
K, Jeunemaitre X, Marsh DJ, Plouin PF, Robinson BG 2006 Clinical
presentation and penetrance of pheochromocytoma/paraganglioma
syndromes. J Clin Endocrinol Metab 91:827-836

Brouwers FM, Eisenhofer G, Tao JJ, Kant JA, Adams KT, Linehan
WM, Pacak K 2006 High frequency of SDHB germline mutations in
patients with malignant catecholamine-producing paragangliomas:
implications for genetic testing. J Clin Endocrinol Metab 91:4505-
4509

Amar L, Baudin E, Burnichon N, Peyrard S, Silvera S, Bertherat J,
Bertagna X, Schlumberger M, Jeunemaitre X, Gimenez-Roqueplo
AP, Plouin PF 2007 Succinate dehydrogenase B gene mutations pre-
dict survival in patients with malignant pheochromocytomas or
paragangliomas. J Clin Endocrinol Metab 92:3822-3828
Neumann HP, Pawlu C, Peczkowska M, Bausch B, McWhinney SR,
Muresan M, Buchta M, Franke G, Klisch ], Bley TA, Hoegerle S,
Boedeker CC, Opocher G, Schipper ], Januszewicz A, Eng C 2004
Distinct clinical features of paraganglioma syndromes associated
with SDHB and SDHD gene mutations. JAMA 292:943-951

Lee JH, Barich F, Karnell LH, Robinson RA, Zhen WK, Gantz B],
Hoffman HT 2002 National Cancer Data Base report on malignant
paragangliomas of the head and neck. Cancer 94:730-737
Goldstein RE, O’Neill Jr JA, Holcomb 3rd GW, Morgan 3rd WM,
Neblett 3rd WW, Oates JA, Brown N, Nadeau J, Smith B, Page DL,
Abumrad NN, Scott Jr HW 1999 Clinical experience over 48 years
with pheochromocytoma. Ann Surg 229:755-764

Ober WB 1983 Emil Zuckerkandl and his delightful little organ.
Pathol Annu 18:103-119

Kelner KL, Pollard HB 1985 Glucocorticoid receptors and regula-
tion of phenylethanolamine-N-methyltransferase activity in cul-
tured chromaffin cells. ] Neurosci 5:2161-2168

Waurtman R], Axelrod J 1966 Control of enzymatic synthesis of
adrenaline in the adrenal medulla by adrenal cortical steroids. ] Biol
Chem 241:2301-2305

Zabel M, Dietel M, Gebarowska E, Michael R 1999 Effect of fol-
licular cells on calcitonin gene expression in thyroid parafollicular
cells in cell culture. Histochem J 31:175-180

Shen WT, Sturgeon C, Clark OH, Duh QY, Kebebew E 2004 Should
pheochromocytoma size influence surgical approach? A compari-

610Z aunr g0 uo Jasn 47 uswdoersq add Aq £€/9652// | 2/S/9610BSqe-ao1e/Wwad(/woo dnooiwspese//:sdiy wol) papeojumoq



J Clin Endocrinol Metab, March 2011, 96(3):717-725

27.

28.

29.

30.

31.

32.

33.

son of 90 malignant and 60 benign pheochromocytomas. Surgery
136:1129-1137

Tavangar SM, Shojaee A, Moradi Tabriz H, Haghpanah V, Larijani
B, Heshmat R, Lashkari A, Azimi S 2010 Immunohistochemical
expression of Ki67, c-erbB-2, and c-kit antigens in benign and ma-
lignant pheochromocytoma. Pathol Res Pract 206:305-309
Baysal BE 2003 On the association of succinate dehydrogenase mu-
tations with hereditary paraganglioma. Trends Endocrinol Metab
14:453-459

Timmers HJ, Kozupa A, Eisenhofer G, Raygada M, Adams KT,
Solis D, Lenders JW, Pacak K 2007 Clinical presentations, biochem-
ical phenotypes, and genotype-phenotype correlations in patients
with succinate dehydrogenase subunit B-associated pheochromocy-
tomas and paragangliomas. ] Clin Endocrinol Metab 92:779-786
Waldmann J, Langer P, Habbe N, Fendrich V, Ramaswamy A,
Rothmund M, Bartsch DK, Slater EP 2009 Mutations and poly-
morphisms in the SDHB, SDHD, VHL, and RET genes in sporadic
and familial pheochromocytomas. Endocrine 35:347-355

Lodish MB, Adams KT, Huynh TT, Prodanov T, Ling A, Chen C,
Shusterman S, Jimenez C, Merino M, Hughes M, Cradic KW, Milos-
evic D, Singh R], Stratakis CA, Pacak K 2010 Succinate dehydro-
genase gene mutations are strongly associated with paraganglioma
of the organ of Zuckerkandl. Endocr Relat Cancer 17:581-588
Ayala-Ramirez M, Callender GG, Kupferman ME, Rich TA, Ch-
uang HH, Trent J, Perrier ND, Goodarzi M, Jimenez C 2010 Para-
ganglioma syndrome type 1 in a patient with Carney-Stratakis syn-
drome. Nat Rev Endocrinol 6:110-115

Havekes B, Corssmit EP, Jansen JC, van der Mey AG, Vriends AH,
Romijn JA 2007 Malignant paragangliomas associated with muta-
tions in the succinate dehydrogenase D gene. J Clin Endocrinol
Metab 92:1245-1248

34.

35.

36.

37.

38.

39.

40.

jcem.endojournals.org 725

Bayley JP, Devilee P, Taschner PE 2005 The SDH mutation data-
base: an online resource for succinate dehydrogenase sequence vari-
ants involved in pheochromocytoma, paraganglioma and mito-
chondrial complex II deficiency. BMC Med Genet 6:39

Niemann S, Miiller U, Engelhardt D, Lohse P 2003 Autosomal dom-
inant malignant and catecholamine-producing paraganglioma
caused by a splice donor site mutation in SDHC. Hum Genet 113:
92-94

Dahia PL, Ross KN, Wright ME, Hayashida CY, Santagata S, Bar-
ontini M, Kung AL, Sanso G, Powers JF, Tischler AS, Hodin R,
Heitritter S, Moore F, Dluhy R, Sosa JA, Ocal IT, Benn DE, Marsh
D], Robinson BG, Schneider K, Garber J, Arum SM, Korbonits M,
Grossman A, Pigny P, Toledo SP, Nosé V, Li C, Stiles CD 2005 A
HIF1a regulatory loop links hypoxia and mitochondrial signals in
pheochromocytomas. PLoS Genet 1:72-80

Pollard PJ, El-Bahrawy M, Poulsom R, Elia G, Killick P, Kelly G,
Hunt T, Jeffery R, Seedhar P, Barwell J, Latif F, Gleeson MJ, Hodg-
son SV, Stamp GW, Tomlinson IP, Maher ER 2006 Expression of
HIF-1a, HIF-2a (EPAS1), and their target genes in paraganglioma
and pheochromocytoma with VHL and SDH mutations. J Clin En-
docrinol Metab 91:4593-4598

Jaroszewski DE, Tessier DJ, Schlinkert RT, Grant CS, Thompson
GB, van Heerden JA, Farley DR, Smith SL, Hinder RA 2003 Lapa-
roscopic adrenalectomy for pheochromocytoma. Mayo Clin Proc
78:1501-1504

Mazzaglia PJ, Vezeridis MP 2010 Laparoscopic adrenalectomy: bal-
ancing the operative indications with the technical advances. J Surg
Oncol 101:739-744

Zografos GN, Vasiliadis G, Farfaras AN, Aggeli C, Digalakis M
2009 Laparoscopic surgery for malignant adrenal tumors. JSLS 13:
196-202

6102 2UNp-60-U0U8sSN-dTuswdoiaraq add A9 £€/9652// | 2/S/96/19B11Sqe-ajo1e/wadl/wod dno olwspese//:sdyy Wolj peapeojumod



