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Abstract

Risk of metastatic disease in the cluster 2-related pheochromocytoma/paraganglioma 
(PPGL) is low. In MEN2 patients, identification of origin of metastases from 
pheochromocytoma (PCC) or medullary thyroid carcinoma (MTC) is challenging as both are 
of neuroendocrine origin. We aim to describe our experience and perform a systematic 
review to assess prevalence, demographics, biochemistry, diagnostic evaluation, 
management, and predictors of cluster 2-related metastatic PPGL. Retrospective analysis 
of 3 cases from our cohort and 43 cases from world literature was done. For calculation 
of prevalence, all reported patients (n = 3063) of cluster 2 were included. We found that 
the risk of metastasis in cluster 2-related PPGL was 2.6% (2% in RET, 5% in NF1, 4.8% in 
TMEM127 and 16.7% in MAX variation). In metastatic PCC in MEN2, median age was 39 
years, bilateral tumors were present in 71% and median tumor size was 9.7 cm (range 
4–19) with 43.5% mortality. All patients had a primary tumor size ≥4 cm. Origin of primary 
tumor was diagnosed by histopathology of metastatic lesion in 11 (57.9%), 131I-MIBG scan 
in 6 (31.6%), and selective venous sampling and CT in 1 (5.3%) patient each. In subgroup 
of neurofibromatosis 1 (NF1), median age was 46 years (range 14–59) with median tumor 
size 6 cm and 57% mortality. To conclude, the risk of metastatic disease in cluster 2-related 
PPGL is low, being especially high in tumors with size ≥4 cm and associated with high 
mortality. One-third patients of NF1 with metastatic PPGL had presented in second decade 
of life. Long-term studies are needed to formulate management recommendations.

Introduction

Pheochromocytomas (PCC) and paragangliomas (PGL), 
together known as pheochromocytoma/paraganglioma 
(PPGL), are rare neuroendocrine tumors originating 
from the chromaffin tissue in adrenal glands and 
sympathetic/parasympathetic ganglia, respectively, with 
an approximate incidence of 0.8/100,000 population per 
year (1). The Endocrine Society guidelines recommend 

genetic testing in all PPGL patients as the prevalence 
of germline mutations is almost 40% (1, 2). PPGL are 
categorized into three molecular clusters based on 
genetics. Cluster 1 (pseudohypoxia pathway)-related 
tumors secrete norepinephrine and mainly include 
germline mutations of succinate dehydrogenase subunits 
and assembly factor (SDHA, SDHB, SDHC, SDHD, and 
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SDHAF2), and von Hippel–Lindau tumor suppressor 
(VHL) genes. Cluster 2 (Kinase-signaling pathway)-related 
tumors are epinephrine-producing and include germline 
mutations in the rearranged-during-transfection (RET) 
proto-oncogene, neurofibromin 1 (NF1) tumor suppressor, 
transmembrane protein 127 (TMEM127), Myc associated 
factor X (MAX), and somatic mutation in HRAS. The 
epinephrine-producing cluster 2-related PPGLs are more 
differentiated and have lesser malignant potential than 
cluster 1-related tumors. There are no recognized germline 
mutations with cluster 3 (Wnt signaling pathway)-related 
PPGL (3).

Risk of metastatic disease in the cluster 2-related PPGL 
is low (1, 4, 5). In multiple endocrine neoplasia 2 (MEN2) 
patients, identification of origin of metastases from PCC 
or medullary thyroid carcinoma (MTC) is challenging as 
both are of neuroendocrine origin. We aim to describe 
metastatic cluster 2-related PPGLs managed at our center 
with emphasis on this diagnostic challenge in MEN2 
syndrome. We further aim to perform a systematic review 
to calculate the prevalence of metastases and attempt 
to describe distinct demographic, biochemical features, 
diagnostic evaluation, management, and predictors of 
malignancy in cluster 2-related metastatic PPGL.

Materials and methods

This retrospective study was conducted at Seth G.S. 
Medical College and KEM Hospital after approval from 
Institutional Ethical Committee (EC/OA-72/2021). The 
records of all patients diagnosed with PPGL between 
January 2001 and April 2021 were screened and eligible 
patients with cluster 2-related metastatic PPGL were 
included in the study. The diagnosis of PPGL was based 
on histopathology and/or combination of suggestive 
biochemistry (elevated, fractionated plasma-free 
metanephrines) and imaging. Neurofibromatosis 1 
(NF1) was diagnosed on clinical grounds, whereas 
multiple endocrine neoplasia type 2 was diagnosed 
either by genetic confirmation or syndromic diagnosis 
due to presence or history of MTC, cutaneous lichen 
amyloidosis (CLA), primary hyperparathyroidism 
(PHPT), and/or mucosal neuromas in the patients  
and/or first-degree relatives. Genetic analysis for 
TMEM127 and MAX was not performed in our study. As 
per World Health Organization (WHO), metastatic PPGL 
was defined as the presence of a metastatic lesion(s) at 
the nonchromaffin site (6). Demographic characteristics 

(age at presentation, gender, and family history), clinical 
findings (hypertension), biochemical profile, contrast-
enhanced computed tomography (CECT) findings 
of neck, abdomen, and pelvis, functional imaging 
viz, 68Ga-DOTATATE PET/CT, 18flourodeoxyglucose  
(18FDG)-PET/CT, 131metaiodobenzylguanidine (131I-MIBG) 
scintigraphy, histopathology of primary and/or 
metastatic lesions, treatment details, and outcome were 
recorded. Plasma fractionated free metanephrines, CECT, 

68Ga-DOTATATE PET-CT, 18FDG PET-CT, 131I-MIBG, and 
RET mutation analysis were done as described previously 
(7, 8). The plasma free metanephrine (PFMN) and plasma-
free normetanephrine (PFNMN) were measured using an 
enzyme immunoassay with upper limit for PFMN and 
PFNMN being 90 pg/mL and 180 pg/mL, respectively (9).

Systematic review of literature

A systematic review of the literature was performed 
as per Preferred Reporting Items for Systematic 
Review and Meta-Analyses (PRISMA) guidelines. 
The PubMed database was searched in August 2021 
using the keywords ‘Metastatic pheochromocytoma 
AND MEN2A’, ‘Metastatic pheochromocytoma AND 
MEN2B’, ‘Metastatic pheochromocytoma AND 
NF1’, ‘Metastatic pheochromocytoma AND MAX’, 
‘Metastatic pheochromocytoma AND TMEM127’, 
‘Malignant pheochromocytoma AND MEN 2A’, 
‘Malignant pheochromocytoma AND MEN2B’, 
‘Malignant pheochromocytoma AND NF1’, ‘Malignant 
pheochromocytoma AND TMEM127’, and ‘Malignant 
pheochromocytoma AND MAX’ to find reports regarding 
cluster 2-related PPGL. A total of 1803 publications were 
screened. Cross-references of selected publications and 
review articles were searched to find additional articles. 
Only cases with available individual patient details 
were taken for the analysis. After exclusions for various 
reasons (as detailed in Fig. 1), 34 articles (43 patients) were 
included, and per-patient, details were recorded. Data were 
tabulated to include demographic, clinical, biochemical, 
radiological, genetic, management, and outcome details. 
The biochemical values were recorded as multiples of the 
upper normal reference range for uniform interpretation of 
results. In addition, the prevalence of metastatic PPGL was 
calculated from the reported studies on cluster 2 PCC. For 
deriving predictors of malignancy in MEN2, the collated 
data from individual per patient details were compared 
with the large cohorts of benign PCC and benign cases 
from our center.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-21-0455

https://ec.bioscientifica.com	 © 2021 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0455
https://ec.bioscientifica.com


S Kumar et al. Cluster 2-related metastatic 
pheochromocytoma

146510:11

Statistical analysis

Statistical analysis was performed using SPSS, version 
25.0 (IBM). Categorical variables were expressed as 
actual numbers and percentages and the significance of  
difference between two groups was calculated using 
Fisher’s exact t-test. Continuous variables with normal 
distribution were expressed as mean ± s.d. and unpaired 
t-test was used for comparison whereas those with skewed 
distribution were expressed as median (Interquartile range) 
and Mann–Whitney U test was used for comparison. Two-
sided P -value <0.05 was considered statistically significant.

Results

Of the 450 cases of PPGL registered at our institute, 28 
(6.2%) cases had cluster 2-related phenotypes (19 MEN2A, 
4 MEN2B, and 5 NF1). Among these, three (10.7%) cases 

(2 MEN2A, 1 NF1) had metastatic PPGL. On systematic 
review of world literature including our patients (n = 3063), 
the overall prevalence of cluster 2-related metastatic PPGL 
was 2.6% (2% in RET, 5% in NF1, 4.8% in TMEM127, and 
16.7% in MAX variation) (Table 1 and Supplementary 
Table 1, see section on supplementary materials given at 
the end of this article). The detailed analysis of our patients 
and 43 cases in literature with cluster 2-related metastatic 

Figure 1
Preferred Reporting Items for Systematic Review and Meta-Analyses flowchart for literature search of cluster 2-related metastatic pheochromocytoma/
paraganglioma.

Table 1 Prevalence of cluster 2-related metastatic 
pheochromocytoma/paraganglioma.

Gene World literature Our center Overall

RET 50/2608 (1.9%) 2/23 (8.7%) 52/2631 (2%)
NF1 11/235 (4.7%) 1/5 (20%) 12/240 (5%)
TMEM127 6/126 (4.8%) – 6/126 (4.8%)
MAX 11/66 (16.7%) – 11/66 (16.7%)
Overall  

cluster 2
78/3035 (2.6%) 3/28 (10.7%) 81/3063 (2.6%) 
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PPGL for whom adequate per-patient data were available, 
is described below.

Metastatic PPGL in MEN2 syndrome

Case A
A 54-year-old-female was referred for evaluation of 
incidentally detected right suprarenal mass. There was 
no history of paroxysmal symptoms. She had a family 
history of MTC in her mother and younger sister. Physical 
examination was unremarkable. Investigations revealed 
elevated PFNMN (3586 pg/mL) and PFMN (1300 pg/mL), 
raised serum calcitonin level (1253 pg/mL; normal range: 
<6.3 pg/mL) and normal calcium profile. CECT showed 
a cystic right adrenal mass of size 6.1 × 5.5 × 5.5 cm with 
intense peripheral contrast enhancement, left adnexal 
mass (8.0 × 6.1 × 4.5 cm cystic lesion), lytic lesions in L1, 
L5-S1 with soft tissue component in sacral ala (Fig. 2), and 
hypodense nodules in both thyroid lobes (left: 20 × 18 × 28 
mm, right: 10 × 8 mm) without any extrathyroidal extension 

or lymphadenopathy. 68Ga-DOTATATE PET-CT showed 
somatostatin receptor (SSTR) avid lesions in both lobes of 
the thyroid, right adrenal gland, left humerus, L1 vertebra, 
sacral mass at L5-S1 vertebrae, and non-SSTR avid left 
adnexal mass (Fig. 2). Genetic analysis showed a germline 
missense pathogenic variant (c.1852T>C, p.Cys618Arg) in 
RET proto-oncogene. The skeletal metastases were thought 
to be arising from MTC as malignant PCC in MEN2A is rare.

The patient underwent open right adrenalectomy 
along with left adnexal mass excision after α-blockade. On 
histopathology, the right adrenal mass was reported as PCC 
and left adnexal mass as benign mucinous cystadenoma. 
Two months after surgery, she had persistently elevated 
metanephrines (PFNMN: 3975 pg/mL, PFMN: 740 pg/mL);  
hence the skeletal metastases were suspected to arise 
from PCC. 131I-MIBG scan revealed uptake in the thyroid 
bed, left humerus, L1 vertebra, and sacral mass (Fig. 2). 
She underwent angioembolization along with CT-guided 
biopsy of the sacral mass to identify the primary malignancy. 
Histopathological report (HPR) confirmed the origin of 

Figure 2
(A) Contrast-enhanced computed tomography (axial section) of abdomen showing a predominantly cystic mass lesion (6.1 × 5.5 × 5.5 cm) in the right 
suprarenal region (white arrow) with peripherally enhancing solid component. (B) Caudal section in the same scan showing a large lytic lesion with soft 
tissue (7.3 × 5.9 × 6.8 cm) in the sacral body and the left ala (blue arrow), with similar enhancement characteristics. (C) 68Ga-DOTATATE PET-CT showing 
somatostatin receptor avid lesions in thyroid, L1 vertebral body, and sacrum. (D) 131I-MIBG scan (anterior view) showing areas of increased radiotracer 
uptake in the thyroid bed, left humerus, L1 vertebra, sacrum, and both pelvic bones (black). (E) Photomicrograph of biopsy of sacral mass showing 
metastatic pheochromocytoma with nuclear pleomorphism and moderate to abundant amphophilic cytoplasm with perivascular arrangement of tumor 
cells (×200, hematoxylin and eosin). (F) Tumor cells showing positive staining for chromogranin immunohistochemistry (IHC), suggesting neuroendocrine 
tumor (×100, 3,3'-diaminobenzidine (DAB)). (G) Tumor cells showing nuclear reactivity for GATA 3 IHC, favoring pheochromocytoma (×40, DAB). (H) Tumor 
cells showing negative staining for calcitonin IHC, ruling out medullary thyroid carcinoma (×100, DAB).
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metastasis from PCC (Fig. 2) with immunohistochemistry 
(IHC) positive for synapatophysin, chromogranin A, 
and GATA-3 and negative for calcitonin. The patient was 
planned for 131I-MIBG therapy for metastases and total 
thyroidectomy for MTC.

Case B
A 43-year-old female was referred for management of 
incidentally detected bilateral adrenal mass. She had a 
history of paroxysms and was found to be hypertensive 
for 5 years. She had hyperpigmented skin lesion over 
the interscapular area (Fig. 3). Biochemistry revealed 
elevated PFNMN (4289 pg/mL), PFMN (1300 pg/mL), 
serum calcitonin (597 pg/mL), and parathyroid hormone 
(PTH)-dependent hypercalcemia (calcium: 11.6 mg/dL, 
phosphorus: 2.8 mg/dL, alkaline phosphatase: 43 U/L, 
and PTH: 346.7 pg/mL). CECT showed a 1.7 × 1.6 cm 
hypodense nodule in right thyroid lobe, and bilateral 
adrenal masses (right: 8.3 × 7.2 cm, left: 4. 7 × 3 cm).  
18FDG-PET/CT scan showed hypermetabolic lesions 
in thyroid and both adrenal glands. Skin biopsy from 
interscapular lesion showed CLA. Genetic analysis showed 
a germline missense pathogenic variant (c.1901G>A, 
p.Cys634Tyr) in RET proto-oncogene.

She underwent laparoscopic bilateral adrenalectomy 
after α-blockade. Histopathology revealed bilateral PCC. 

Three months later, after documentation of normal 
metanephrines (PFNMN: 156 pg/mL, PFMN: 48 pg/mL), 
she underwent total thyroidectomy along with excision 
of three parathyroid glands. Histopathology showed MTC 
with parathyroid hyperplasia.

Two years later, she was presented with abdominal 
pain and vomiting. Biochemistry revealed elevated 
PFNMN level (3310 pg/mL) and normal calcitonin level 
(15 pg/mL). CECT showed 16 × 12 × 12 cm right adrenal 
mass with a hypodense lesion in right lobe of the liver, 
both of which were 18FDG-avid. Liver biopsy revealed 
metastatic neuroendocrine tumor with IHC positive for 
synaptophysin and chromogranin A but negative for 
calcitonin and carcinoembryonic antigen (CEA), thereby 
confirming the origin of metastasis from PCC (Fig. 3). As 
the disease was inoperable, chemotherapy was started, but 
the patient succumbed within 1 month.

Literature review
We found 29 cases of MEN2 with metastatic PCC on literature 
search. The details of these cases, including our two cases,  
are summarized in Table 2 (10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33).

Out of a total of 31 cases (28 MEN2A, 3 MEN2B), 20 
(64.5%) were females and 11 (35.5%) were males. The 
age ranged from 18 to 65 years (median: 39, interquartile 

Figure 3
(A) Hyperpigmented plaque in the interscapular region, suggestive of cutaneous lichen amyloidosis. (B) Contrast-enhanced computed tomography (CECT) 
(axial section) of abdomen showing a cystic mass lesion (16 × 12 × 12 cm) with peripheral enhancement in the right suprarenal region (blue arrow).  
(C) CECT (axial section) of abdomen showing a hypodense lesion with peripherally enhancing solid component in segment VIII of the liver (white arrow).  
(D) Low-power photomicrograph of liver biopsy showing liver parenchyma (right side) being infiltrated by a cellular tumor (left side) (×40, hematoxylin & 
eosin (H and E)). (E) High-power microphotograph to show sheets of tumor cells with eccentrically placed nuclei, and abundant granular eosinophilic 
cytoplasm are seen, consistent with pheochromocytoma. Brisk and atypical mitoses (black arrow) are seen (×400, H and E). (F) Tumor cells showing 
positive staining for chromogranin immunohistochemistry (IHC), suggesting neuroendocrine tumor (×100, DAB). Tumor cells with negative IHC for 
carcinoembryonic antigen (G) (×200, DAB) and calcitonin (H) (×400, DAB) ruling out medullary thyroid carcinoma.
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range (IQR): 25–48 years). Majority (12/20, 60%) 
presented with symptoms of catecholamine excess, 
while eight (8/20, 40%) were detected incidentally.  
Family history was positive in nine cases (52.9%, n = 17).  
All cases were hypertensive, except for two. MTC was present 
in most (23/25) of the cases. The levels of catecholamines/
metanephrines (either in plasma or urine) were elevated in 
all patients (n = 14). The adrenal involvement was bilateral 
in majority of the cases (22/31, 71%). The tumor size ranged 
from 4 to 19 cm (median: 9.7, IQR: 7–12). The genetic 
analysis was available for 12 cases of MEN2A; eight had 
mutation in codon 634, and one each in codon 618, 531, 
709, and 804 of RET proto-oncogene. The most common 
site for metastasis was the liver (11/23, 47.8%), followed 
by lungs (8/23, 34.9%), bone (6/23, 26.1%), and pancreas, 
lymph node, and heart (2/23, 8.7%). Metastases to other 
sites, including spleen, brain, and skin were present in 
one case each. Metastasis was synchronous in 50% (10/20) 
of the cases. Among these, the identification of origin of 
metastasis was made prior to adrenal surgery in three cases 
on the basis of histopathology of metastatic lesion. In two 
cases, the metastasis was detected intraoperatively and 
later confirmed by histopathology and 131I-MIBG scan in 
one case each. In three cases, metastases were overlooked/
misdiagnosed, and diagnosis was made after adrenal 
surgery by histopathology in two cases and 131I-MIBG 
scan in one case. The diagnosis was established on CECT 
in one case and on autopsy in another. In ten cases with 
metachronous metastasis, the modality of diagnosis was 
histopathology in four cases, 131I-MIBG scan in four cases, 
and selective venous sampling of hepatic vein in one 
case. Overall (n = 19), origin of primary was diagnosed by 
histopathology of metastatic lesion in 11 (57.9%) cases, 
131I-MIBG scan in 6 (31.6%) cases, and selective venous 
sampling and CECT in 1 (5.3%) case each.

The management of metastasis was surgical resection 
in four (30.8%) cases, 131I-MIBG therapy in three (23.1%) 
cases, chemotherapy and angioembolization in one 
(7.7%) case each. The management was multimodal 
(131I-MIBG therapy with chemotherapy/radiotherapy/
angioembolization or chemotherapy with tyrosine-kinase 
inhibitor) in four (30.8%) cases. The median follow-up 
duration was 9 months (IQR: 3–66), and ten (10/23, 43.5%) 
cases had died at the last follow-up.

On comparing the patient characteristics of metastatic 
PCC with reported cohorts of benign PCC in MEN2 to 
evaluate the predictors of malignancy, primary tumor size 
was significantly higher in metastatic cohort as compared 
to benign PCC cohorts (9.5 ± 3.5 vs 3.6 ± 2.2, P value 
<0.0001). There was no significant difference in age, gender, 24
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laterality, tumor, and RET mutation between metastatic 
and benign PCC (Table 3) (8, 34, 35). In addition, mortality 
was significantly high in metastatic cohort (43 vs 17.6%,  
P value = 0.009).

Metastatic PPGL in NF1

Case C
A 43-year-old male was presented with paroxysmal 
hypertension (6 months) and bilateral adrenal masses. 
He had multiple cafe-au-lait macules, neurofibromas, and 
a plexiform neurofibroma over the left buttock (Fig. 4). 
His daughter also had multiple cafe-au-lait macules and 
neurofibromas. Biochemistry revealed elevated PFNMN 
(3797 pg/mL) and PFMN (1057 pg/mL). CECT showed a 
5.7 × 5.9 × 7.5 cm right adrenal mass and 0.7 × 0.9 × 0.8 
cm left adrenal mass (Fig. 4). He was diagnosed with NF1 
based on the clinical criteria. Genetic analysis revealed 
a previously reported monoallelic variant c.1393-
9T>A, at a cryptic splice site in intron 12 of NF1 gene. 
It affects splicing and leads to premature truncation of 
NF1 protein. After α-adrenergic blockade, he underwent 
right laparoscopic adrenalectomy. Histopathology 
confirmed PCC. Plasma fractionated metanephrines 
(PFNMN: 115 pg/mL, PFMN: 23.9 pg/mL), 3 months 
post-surgery, were normal; he was normotensive off 
antihypertensive medications. Two years later, he was 
presented with similar paroxysmal episodes. Again, 
biochemistry confirmed elevated PFNMN (6422 pg/mL) 
and PFMN (532 pg/mL). In addition, CECT showed a 
left adrenal mass sized 0.9 × 0.9 × 0.8 cm and metastatic 
lesions in the liver, bone, and lungs, which were also avid 
on 68Ga-DOTATATE PET-CT and 131I-MIBG scan (Fig. 4). 
Given extensive metastasis, the patient is further planned 
for 131I-MIBG therapy.

Literature review
We found nine cases of NF1 with metastatic PCC. The 
details of these cases, including one case from our center, 
are summarized in Table 4 (36, 37, 38, 39, 40, 41).

The age at presentation ranged from 14 to 59 years 
(median: 46, IQR: 16–54 years). There were five males. 
Most (n = 8) cases had adrenergic symptoms, while two 
were detected incidentally. Five cases were hypertensive 
(5/8, 62.5%). The plasma or urinary metanephrines 
were elevated in all patients. The most common primary 
site was unilateral PCC (n = 7), followed by abdominal 
PGL (n = 1), bilateral PCC (n = 1), and multifocal PPGL 
(bilateral PCC with an abdominal PGL). Tumor size 
ranged from 3.3 to 7.5 cm (median: 6, IQR: 4–6.5 cm). 
The commonest site for metastasis was the bones (5/10, 
50%) followed by lungs (4/10, 40%), liver (4/10, 40%), and 
lymph nodes (3/10, 30%). The management of metastasis 
was chemotherapy in three (42.8%) cases, 131I-MIBG 
therapy in two (28.6%) cases, and surgical resection 
and multimodal management (surgical resection, 
radiofrequency ablation, and cryoablation) in one (7.7%) 
case each. The follow-up (n = 7) duration ranged from 0.5 
to 19 years; four patients had died at the end of follow-up. 
Total cohort of metastatic NF1 PPGL comprised of only 10 
patients; comparison with benign cohorts did not show 
consistent difference between parameters and predictors 
for malignancy could not be calculated (Supplementary 
Table 2).

Metastatic PPGL in patients with mutations in 
TMEM127 or MAX

Literature review
Patient details were available for four (age range: 45–51 
years, males: 2, bilateral PCC: 2, unilateral PCC: 2) of the 
11 reported cases of malignant PPGL with MAX mutation 

Table 3 Comparison of metastatic pheochromocytoma/paraganglioma (PPGL) with benign PPGL in MEN 2 syndrome.

Parameter
Current study (n = 31) Thosani et al.a (n = 85) Mucha et al.a (n = 85) Diwaker et al.b (n = 21)

Data Data P value Data P value Data P value

Age
 Median (years) 39 32 – – – 39 0.69
 Mean ± s.d. (years) 37.8 ± 13.7 – – 34.4 ± 11.6 0.18 39 ± 11.1 0.74
Females (%) 64.5 63.5 0.92 51.7 0.22 38.1 0.06
Bilateral PCC tumor (%) 71 72 0.9 55.3 0.12 72.2 0.92
Tumor size
 Median (cm) 9.7 3.5 – – – 5.5 0.003
 Mean ± s.d. (cm) 9.5 ± 3.5 – – 3.6 ± 2.2 <0.0001 6.2 ± 3 0.004
RET 634 mutations (%) 66.6 69 0.86 70.9 0.76 92.8 0.09
Overall mortality (%) 43.5 24 0.06 17.6 0.009 – –

aStudies having only benign PPGL. bMetastatic PPGL were excluded and data was collected from benign cases only. – Data not available.
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(Supplementary Table 3). All four had metastasis to lymph 
nodes; one patient had additional bony metastasis. Patient 
detail was available for one (59 years old female with 
bilateral PCC and bony metastasis) of the six reported 
cases of malignant PPGL with TMEM127 mutation 
(Supplementary Table 3).

Discussion

We present our experience and literature review with 
cluster 2-related metastatic PPGL and found that the 
risk of malignancy is 2.6% (2% in RET, 5% in NF1, 4.8% 
in TMEM127, and 16.7% in MAX variation). Reported 
prevalence in studies with malignant PPGL in MEN2 
cohorts (n ≥ 50) is 0.35 to 4%; while in NF1, TMEM127, and 
MAX cohorts (n ≥ 10) is 4.9–12%, 5–10.3%, and 8.7–25%, 
respectively (39, 42, 43, 44, 45, 46, 47, 48). Previous studies 
with larger cohorts (n ≥ 50) have reported the prevalence 
varying from 4.3 to 5.4% in cluster 2 (4, 5). This contrasts with 
the high prevalence (41.9–43.8%) seen in cluster 1 tumors, 
especially in SDHB-related tumors (73.8–75.6%) (4, 5). This 
is proposedly due to immature chromaffin progenitors with 
arrested differentiation and immature phenotype in cluster 
1 as compared to mature chromaffin tumors progenitors 
and differentiated tumors in cluster 2 (49).

The most common hereditary syndrome in cluster 2 
is MEN2, which occurs due to gain of function mutations 
in RET (3). MEN2A is the most frequent subgroup 
representing 95% of the cases, and MEN2B seen in the rest 
5%. PCC in MEN2 is usually bilateral, benign, and arises 
in the setting of hyperplasia. MTC is present in almost 
95–100% cases of MEN2. In MEN2 patients, identification 
of origin of metastases from PCC or MTC poses challenges 
as exemplified in our cases. As PCC is usually benign, the 
metastases are believed to originate from MTC. Moreover, 
both MTC and PCC metastasis are of neuroendocrine 
origin, show similar uptake on functional imaging 
(131I-MIBG and 68Ga-DOTA scans), and immunostaining 
avidity for synaptophysin, chromogranin, and neuron-
specific enolase. As also observed from the collated data, 
corroborative findings (elevated catecholamines and/or 
their metabolites after bilateral adrenalectomy, normal 
serum calcitonin, and CEA after total thyroidectomy, 
and negative IHC for calcitonin and CEA) can suggest 
PCC as the origin of metastasis. However, interpretation 
of catecholamine metabolites (especially PFMN) may be 
difficult post-adrenalectomy due to scarce data regarding 
normative values post-bilateral adrenalectomy or per se 
particularly if done using immunoassays. Weismann 
suggested that immunoassay measurements cannot be used 
to reliably determine presence or absence of disease when 

Figure 4
(A) Freckles and neurofibromas on trunk. (B) Plexiform neurofibroma on left buttock. (C) Contrast-enhanced computed tomography (CECT) of the 
abdomen (axial section) showing a heterogenously enhancing mass lesion (5.7 × 5.9 × 7.5 cm) in the right suprarenal region with central areas of necrosis 
(blue arrow). Another subcentimetric lesion with similar enhancement characteristics is seen in the body of left adrenal gland (black arrow). (D) 
Post-operative CECT; showing only the left adrenal lesion (white arrow). 68Ga DOTATATE PET-CT with somatostatin receptor avid lesions in right adrenal 
bed, left adrenal mass (E), segment 2 of liver(*) (F), and skull, dorsal, lumbar vertebrae, and sacrum (G), suggestive of metastatic disease. (H) 131I-MIBG 
scan (anterior view) showing areas of increased radiotracer uptake in the ribs, multiple vertebrae, and pelvic bones (black).
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upper cut-offs used are >44 and >58 pg/mL for PFNMN and 
PFMN, respectively (50). Biopsy of an accessible metastatic 
lesion may be considered as a diagnostic aid after adequate 
α-blockade.

In this series of collated data of metastatic PCC in 
MEN2, the median age was 39 years, bilateral tumors were 
present in 71%, and median tumor size was 9.7 cm. In two 
large series of benign PCC in MEN2, the age of presentation 
was 32 and 34.4 years, bilateral tumors were seen in 72 
and 55.2%, and median tumor size was 3.5 and 3.6 cm, 
respectively (34, 35). In our collated data, the common 
metastatic sites for MEN2 PCC are the liver (47.8%), lungs 
(34.9%), bone (26.1%), and lymph node (8.3%) which is 
in agreement with the data by Sue et al. where more liver 
metastases were associated with adrenal as primary site of 
tumor location (51). In contrast, common metastatic sites 
in patients with sporadic PPGL are bones (64%) followed 
by soft tissues (lungs (47%), lymph nodes (36%), and liver 
(32%)) (52). Metastases to the liver and lungs are known 
to be associated with increased mortality (52). This may 
correlate with higher (43.5%) mortality observed in the 
malignant MEN2 PCC patients. Surgery for patients with 
metastatic MEN2 PCC was curative with loco-regional 
lymphadenopathy and/or isolated resectable distant 
metastases, as observed in four cases (case 9, 16, 19, and 21 in 
Table 2). In progressive and/or unresectable tumors, the aim 
is palliative care and requires a multidisciplinary approach. 
The available treatment options are chemotherapy 
(CVD, most commonly used regime), 131I-MIBG therapy, 
177Lu-DOTATATE therapy, tyrosine-kinase inhibitors, and 
immune checkpoint inhibitors (52). In our study, 67% 
patients of MEN2A with metastatic PCC had a mutation 
of codon 634 of exon 11 of RET proto-oncogene (high risk), 
which is also the most commonly encountered mutation 
in PCC in MEN2A. One of our cases (case A) was harboring 
a mutation of codon 618 of exon 10 (moderate risk). To the 
best of our knowledge, this is the first report of metastatic 
PCC with this mutation. There is a suggestion that the type 
of RET mutation may influence the penetrance of PCC; 
however, the implication on metastatic potential has not 
been yet described (35).

On comparing the patient characteristics (age, gender, 
laterality, tumor size, and RET mutation) of metastatic PCC 
with reported cohorts of benign PCC in MEN2, greater 
primary tumor size was found to be the potential predictor 
of malignant PPGL. In all metastatic cases, primary tumor 
size was ≥4 cm, and most (19/22, 86.4%) were ≥6 cm. This 
observation stresses the need for early tumor (size <4 cm) 
detection and timely surgical management. Cortical 
sparing adrenalectomy is suggested in the management 

of PCC in MEN2 to prevent lifelong adrenal insufficiency 
(42). Generalizing this approach to MEN2 patients with 
PCC of size > 4 cm needs reconsideration.

The prevalence of PPGL in NF1 ranges from 1.2 to 2%. 
Among these, the metastatic PPGL has been reported in 
7% of the cases (53). We found similar prevalence (5%) of 
metastatic PPGL in NF1. In three large series of benign PCC 
in NF1, the median age range was from 39 to 42 years, median 
tumor size range was 3.8–4.5 cm, 76–80% were unilateral 
PCC and 2.6–6% had PGL. In our series of collated data 
of metastatic PPGL in NF1, the median age was 46 years, 
median tumor size was 6 cm, 80% were unilateral, and 
20% had PGL. On comparing the patient characteristics 
(age, gender, laterality, tumor size, and presence of PGL) 
of metastatic PPGL with reported cohorts of benign PPGL 
in NF1, greater PCC size and higher proportion of PGL 
was observed with metastatic PPGL in NF1, although not 
consistent across various cohorts (Supplementary Table 
2) (39, 40, 41). Recent studies have suggested lowering the 
age of screening to 14 years and extending screening to 
asymptomatic individuals as compared to conventional 
guidelines (39, 54). Metastatic PPGL in NF1 was present 
even among young (3/10, 30% in second decade), 
normotensive (3/8, 37.5%) and incidentally diagnosed 
cases (2/10, 20%) and was associated with a high mortality 
(57%); thus re-emphasizing the need for early screening for 
PPGL irrespective of the symptoms in NF1.

For PPGL with TMEM127 and MAX mutations, the 
prevalence rates of metastatic PPGL were 4.8 and 16.6%, 
respectively. Since detailed data are available for very few 
cases, characteristics of this cohort need to be studied  
in future.

This is the first systematic review studying prevalence, 
diagnosis, and predictors of metastatic cluster 2-related 
PPGL, with detailed description of three cases from our 
center and some novel observations. The major limitation 
of our study is its retrospective nature with its inherent 
drawbacks. Owing to resource constraints, genetic 
testing was performed for those of younger age group 
and associated syndromic features, resulting in lower 
prevalence (6.2%) of cluster 2-related PPGL as compared 
to 11.9% in a study by Pamporaki et al. (4). Further, none 
of the cases from our cohort as well as from reviewed cases 
underwent 18fluoro-l-dihydroxyphenylalanine PET-CT and 
11C-hydroxy-ephedrine PET-CT scan which are more specific 
for PCC. Another limitation was use of immunoassay for 
measurement of plasma fractionated metanephrines, 
which can underestimate PFNMN and PFMN by 60 and 
39%, respectively, as compared to liquid chromatography-
tandem mass spectrometric measurement (50).
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To conclude, the risk of metastatic disease in cluster 
2-related PPGL is 2.6% in this review, the risk is especially 
high in tumors with size ≥4 cm and is associated with high 
mortality. Differentiating the origin of metastases between 
MTC and PPGL in MEN2 patients is challenging. Almost 
one-third patients of NF1 with metastatic PPGL presented 
as early as second decade of life. Long-term studies are 
needed to formulate management recommendations.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-21-0455.
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