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A Case of Malignant Pheochromocytoma of the Adrenal Gland in a Young Female

Abstract 
Background Pheochromocytoma is a tumour of the adrenal medulla, derived from 
catecholamine producing chromaffin cells. Malignant pheochromocytomas constitute 
10–25% of all cases. These are difficult to diagnose microscopically. Therefore, malignant 
pheochromocytomas are diagnosed by the presence of local invasion or metastatic disease. 
Case presentation We present a case of malignant Pheochromocytoma in a 20-year-
old woman from south India with classic symptoms whose urinary metanephrines levels 
were elevated. After controlling the blood pressure preoperatively and laparoscopic 
right-sided adrenalectomy was performed. The Postoperative period was uneventful. 
Histopathology proved to be malignant pheochromocytoma with a PASS score of 16/20 and 
immunohistochemical staining was positive. DOTATATE PET/CT showed no evidence of 
disease anywhere else in the body.
Conclusion Malignant pheochromocytomas are rare tumor, so they pose a significant 
diagnostic and therapeutic challenge. Surgery is the mainstay of treatment. DOTATATE PET/
CT helps in the localization of metastatic disease.
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Introduction

Pheochromocytoma is a rare neuroendocrine tumor of the adrenal 
medulla, derived from the catecholamine producing chromaffin 
cells of medullary or extra-medullary tissue that synthesize, 
metabolize and secrete catecholamines [1]. This condition was first 
described by Frankel in 1886. It was first successfully removed by 
Roux in Lousanne through surgery [2]. It is also known as the "ten 
percent tumour” as 10% of tumours are inherited, 10% are extra-
adrenal, 10% are malignant 10% are bilateral and 10% occur in 
children [3]. The Pheochromocytoma prevalence in patients with 
hypertension is 0.2- 0.4 % [4]. Almost Ninety percent of patients 
who present with a trio combination of headache, palpitations and 
sweating have Pheochromocytoma [3].
  Pheochromocytoma diagnosis is predominantly established by 
24-hour urinary metanephrines and normetanephrines levels [5]. 
MRI is the preferred investigation for localization because contrast 
material used in CT scans can sometimes provoke paroxysms. 
123-I MIBG (Meta iodo benzyl guanidine) scan identifies almost 
ninety percent of the primary Pheochromocytomas and is essential 
for the detection of extra-adrenal tumours and metastasis [3].
  Laparoscopic resection is the prefer red t reatment for 
Pheochromocytoma now a days [3]. If a tumour is larger than 
8-10 cm or any radiological signs of malignancy are seen, then 
an open approach is considered [2]. Preoperatively it is very 
important to control the blood pressure because after induction 
of anaesthesia or manipulation of the adrenal or extra-adrenal 
tumours during the surgery may cause f luctuations in blood 
pressure [6]. The agent of choice is a long-acting alpha-adrenergic 
blocker, phenoxybenzamine [6]. Beta blockade with propranolol is 
usually given a few days before surgery []66. The beta-blockade 
should not be used before the alpha blockade, as it will cause 
unopposed vasoconstriction and can lead to potentially calamitous 
hypertension [6].
  Post-operative ICU monitoring should be done for 24 hours as 
hypovolaemia and hypoglycaemia may occur [7]. Lifelong yearly 
biochemical tests need to be performed to identify any recurrent 
metastatic tumors [7]. In patients with Pheochromocytoma which 
is undiagnosed, death may occur from myocardial infarction, 

cerebrovascular accidents during or immediately even after a 
minor surgery [2]. 
  Pheochromocytoma of the Adrenal Gland Scaled Score (PASS) 
can be used to assess for malignant potential. Features to assess 
are periadrenal adipose invasion, > 3 mitoses / high power fields, 
atypical mitoses, necrosis, cellular spindling, marked nuclear 
pleomorphism, cellular monotony, large nests or diffuse growth, 
high cellularity, capsular invasion, vascular invasion. Score ≥ 6 is 
concerning for malignancy (Table 1) [8].
  Malignant pheochromocytomas constitute 10% of all cases 
[9]. Given the rarity of this condition, therapeutic options are 
not well defined and those which are available are mostly 
palliative [10]. Malignancy in pheochromocytoma is difficult to 
diagnose microscopically. Often malignant pheochromocytomas 
are diagnosed by the presence of local invasion or metastatic 
disease. Even though  123/131I-metaiodobenzylguanidine 
(123/131I-MIBG) scintigraphy is an excellent functional imaging 
tool in adrenal pheochromocytoma, it has demonstrated low 
sensitivity in extra-adrenal and metastatic pheochromocytoma 
[11]. The high sensitivity and accuracy in 68Ga-DOTATATE 
PET/CT imply that somatostatin receptor PET/CT imaging may 
offer a better overview on tumour spread and extension than 
131I-MIBG and 18F-FDG. 68Ga-DOTATATE PET/CT should 
be recommended into the standard algorithm of evaluation such 
tumours [12]. When metastatic, the most frequent locations are 
bone, lymph nodes, liver, lung, and brain. Currently, no diagnostic 
molecular or histological marker exists for malignancy and most 
patients are diagnosed with malignant PPGL after they have 
developed unresectable disease and metastatic disease [13]. 
The 5-year survival without metastasis has been reported to 
be approximately 89.3% [14]. When metastasis is detected, the 
prognosis is usually poor, with a 5-year survival rate of only 60% 
[15]. Most of these cases then resort to systemic chemotherapy or 
radiopharmaceutical agents, such as metaiodobenzylguanidine. 
These therapies lead mostly to partial radiographic response, 
disease stabilization, and symptomatic control in about 40% of 
cases [13, 15].
  In this article, we report a case of symptomatic right-sided 
malignant adrenal pheochromocytoma in a young woman who 
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 Figure 1. CT scan of the abdomen showing a mass in the right adrenal gland.  (a) Axial view; (b) Coronal view.



presented for investigation of infertility.

Case report

A 20-year-old woman who presented to our hospital with either 
no medical or family history of endocrine disease. She visited 
the department of Obstetrics and Gynaecology at our hospital for 
infertility treatment. The adrenal tumour was diagnosed using 
ultrasound and CECT abdomen, and subsequently, the patient 
was referred to the urologist for further treatment. The patient had 
the following symptoms: paroxysmal headache, palpitations and 
sweating associated with dizziness. On examination her pulse was 
110 beats per minute, regular, good volume and blood pressure was 
180/110 mm of Hg. 

  Abdominal CECT revealed a hypodense tumour (30 HU) of 
size 5 × 5 cm in the right suprarenal region with central necrotic 
areas and rapid washout, the edges were well defined and the 
tumour did not involve the adjoining tissues (Figure 1). Right 
pheochromocytoma was suspected, therefore 24 hourly urinary 
metanephrine, normetanephrine were assessed and the values 
were as follows: Normetanephrines-1285µg/L (reference ranges 
< 600 μg/24 h) and metanephrines-126 µg/L (reference ranges < 
26-312 μg/24 h). Thyroid-stimulating hormone and ultrasound 
imaging of thyroid and parathyroid glands were normal. 
Preoperatively blood pressure was controlled with alpha-blockers 
and beta-blockers were added one week before the surgery. The 
patient had consented to laparoscopic right-sided adrenalectomy. 
On laparoscopy, a mass of about 5×5 cm was found at the right 
suprarenal area displacing the right kidney. Para-aortic lymph 
nodes were not enlarged and the liver appeared normal. Total right 
laparoscopic adrenalectomy had been performed. The resected 
specimen weighed 200 gm (Figure 2). The patient's condition 
during surgery and postoperatively was stable. Post-operatively 
blood pressure was normal from day 1. Pathological examination 
revealed a large number of nuclear fissions in the tumour cells, 
with the PASS score of 16/20 (Table 2), which led to the diagnosis 
of malignant pheochromocytoma with invasion beyond the 
capsule (Figure 3). Immunohistochemical staining was positive 
for chromogranin A and synaptophysin. S-100 immunostain 
showed moderate nuclear and cytoplasmic positivity including 
sustentacular cells.
  The patient recovered without any postoperative problems, 
and plasma catecholamine levels normalized. Examination by 
imaging revealed no residual tumour. 68Ga DOTATATE PET/CT 
showed no evidence of significant uptake suggestive of no disease 
anywhere else in the body (Figure 4). The patient is continuing 
fertility treatment and patient is currently adhering to strict follow-
up as an outpatient at present. 1 year after the surgery, there are no 
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Figure 2. Macroscopic picture  of the surgical specimen.

Table 1. Pheochromocytoma of the adrenal gland scoring.	   

Histomorphological parameter Score

Nuclear hyperchromasia 1

Profound nuclear pleomorphism 1

Capsular invasion 1

Vascular invasion 1

Extension into periadrenal adipose tissue 2

Atypical mitotic figures 2

Greater than 3 mitotic figures/10 high-power field 2

Tumour cell spindling 2

Cellular monotony 2

High cellularity 2

Central or confluent tumour necrosis 2

Large nests or diffuse growth (>10% of tumour volume) 2

Total 20



signs of recurrence. 

Discussion

Pheochromocytoma is a tumour of the adrenal medulla and 
chromaffin tissues in the other parts of the body (paragangliomas). 
They secrete epinephrine or norepinephrine, resulting in sustained 
or episodic hypertension and other symptoms of catecholamine 
excess [16].
  Approximately 0.2%-0.5% of patients are diagnosed with 
pheochromocytoma on hypertensive workup and accounts 
for about 5% of adrenal tumours incidentally discovered by 
CT scanning, whereas 10% of pheochromocytomas are found 
incidentally [6]. Most Pheochromocytomas occur sporadically, 
but they may be associated with various familial syndromes such 
as multiple endocrine neoplasia (MEN) 2A (medullary thyroid 
carcinoma, pheochromocytoma, and hyperparathyroidism), MEN 
2B (medullary thyroid carcinoma, pheochromocytoma, mucosal 
neuromas, marfanoid habitus, and ganglioneuromatosis), von 
Recklinghausen disease, von Hippel- Lindau disease [7].
  Essentials of diagnosis for Pheochromocytoma are hypertension, 
frequently sustained, with or without paroxysms, episodic 
headache, excessive sweating, palpitation, and visual blurring, 
postural tachycardia, elevated urinary catecholamines or their 
metabolites, hypermetabolism and hyperglycemia [16]. Our patient 
had sustained hypertension, headache, sweating and dizziness and 
her urinary normetanephrine levels were elevated.
  Urinary output of metanephrines and/or free catecholamines 
is elevated in more than ninety-five percent of patients with 
pheochromocytoma. However many drugs and diets can interfere 
with the results of VMA. Zianni et al [17]. reported a case of 
pheochromocytoma with hypertension having normal urinary 
normetanephrine levels but the tumour was benign and in our case 
the tumour was malignant.
  Approximately ten percent of pheochromocytomas are malignant. 
This rate is high in extra-adrenal tumours (paragangliomas). 
The diagnosis of malignancy implies metastasis of chromaffin 
tissue, most commonly to the bone, lymph nodes and liver 
[18, 19]. Histologically, pheochromocytomas are usually well-
circumscribed masses. Nests of polygonal or rounded cells, 
eponymously named Zellballen, are characteristic. Features 
suggestive of aggressive tumour growth include spindle 
morphology, increased mitotic rate, and invasion of the organ's 

capsule.  Cytological findings rarely are to determine whether 
a Pheochromocytoma is malignant or benign. The veins and 
capsules may also be invaded even in clinically benign tumors 
[20].
  Malignancy can only be diagnosed in the presence of metastases 
or invasion into surrounding tissues [16]. In our case, the tumour 
was not invading the kidney. Several scoring systems considering 
invasion, histologic growth patterns, cytologic features, or mitotic 
activity have been proposed to calculate the risk of malignancy 
[21, 22]. One of the most utilized score is “Pheochromocytoma of 
the Adrenal gland Scales Score (PASS),” proposed by Thompson 
in 2002. A PASS score ≥4 was at first considered suggestive for 
a biological aggressive behaviour, but a later study revealed that 
all malignant PCCs had a PASS >6 [23]. On the basis of these 
results a PASS score <4 or >6 suggest benign and malignant 
lesions respectively, whereas a value between 4 and 6 suggests an 
intermediate risk. The PASS score is based on the degree of tumor 
invasion, histologic growth patterns, cytologic features, or mitotic 
activity is used to distinguish a benign from a malignant PCC.  
Our patient’s PASS score was 16 with >3 mitoses/high power 
fields, necrosis, cellular spindling, marked nuclear pleomorphism, 
cellular monotony, large nests or diffuse growth, high cellularity, 
capsular invasion, vascular invasion out of a maximum score of 
20, making it a malignant Pheochromocytoma (Table 2).
  Further information can derive from the evaluation of specific 
molecular markers. Several malignancy tissue markers such as 
cyclooxygenase-2, secretogranin II-derived peptide, N-cadherin, 
vascular endothelial growth factor (VEGF), endothelin receptor 
type A (ETA), and type B (ETB) and telomerase have been 
identified. In particular telomerase, which is a ribonucleoprotein 
complex that includes the telomerase RNA component, the 
telomerase associated protein (TP1), the telomerase catalytic 
subunit (hTERT), and the heat shock protein 90 (HSP90) seem to 
be closely related to the malignant potential of paragangliomas 
(PGLs). In fact an upregulation of hTERT, HSP90, and 
telomerase activity has been evidenced in malignant cells of 
pheochromocytomas (PCCs) [24]. The Ki-67 nuclear antigen 
represents another potential molecular marker which has been 
associated with more aggressive cancers. A Ki-67 index >3% 
is considered a useful parameter predicting malignant potential 
[25]. Another promising marker predicting metastatic potential 
seems the transcription factor SNAIL. Positive immunostaining 
has been found significantly higher in metastatic than benign 
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Figure 3. (a). Microscopically zellballen pattern of arrangement of tumour cells with mitotic activity; (b). Area of necrosis; (c). Capsular 
invasion of tumour.
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PGLs [26]. Novel biomarkers are recently being identified by 
micro-RNA expression profiling studies. Micro-RNA is small 
single-strand, nonprotein coding RNA fragments, which are able 
to negatively regulate protein expression by either cleavage or 
translational repression of mRNA [27]. Recently,Meyer-Rochow, 
and colleagues [28] investigated 12 malignant, 12 benign tumors, 
and 5 healthy adrenal medulla samples. They found that miR-
483-5p was overexpressed, while miR15a and miR-16, which are 
involved in proliferation and apoptosis, were downregulated in 
malignant compared to benign tumors. MicroRNA expression 
is tissue specific, and it has been demonstrated to be altered in 
several other human tumors, For these reasons, they can be of 
great relevance for the establishment of malignancy, but further 
investigations in larger cohorts of patients are necessary to confirm 
these encouraging results.
  Until 2000, only 10% of PGLs were considered of genetic 
origin and linked to hereditary syndromes: von Hippel Lindau 
disease (VHL), multiple endocrine neoplasia type 2 (MEN2) and 
neurofibromatosis type 1 (NF1), due respectively to a germ line 
mutation in tumor-suppressor gene VHL [29]. protooncogene 
RET [30] and tumor-suppressor gene NF1 [31]. In the last years it 
has been demonstrated that about 30% of the apparently sporadic 
PGLs are due to a germ-line mutation in one of the susceptibility 
genes [32]. This group of genes includes those encoding the four 
subunits (A, B, C, and D) of the succinate dehydrogenase (SDH) 
[33], the recently identified gene SDHAF2, which is responsible 
for the flavination of the SDHA subunit [34], and the very recently 
discovered TMEM127 [35] and MAX [36], both mainly related 
to bilateral PCCs. Germ line mutations in SDHA, SDHB, SDHC, 
SDHD, and SDHAF2 genes are responsible for the occurrence 
of syndromes named PGL5, PGL4, PGL3, PGL1, and PGL2, 
respectively; to note, SDHB-mutations are generally associated 
with higher morbidity and mortality than mutations in the other 
SDHx genes [37]. Overall, to date, 10 susceptibility PGLs genes 
have been identified, so that the initial 10% of cases classified as 

genetically determined has increased to 30%. Nevertheless, the 
number of the susceptibility genes is likely to increase. In fact, 
many young PGL patients, where the mutation frequency is higher, 
are still classified as sporadic, and some PGLs patients with a 
positive family history do not show any mutation in the so far 
known susceptibility genes.
  About eight percent of patients with a benign Pheochromocytoma 
subsequently develop metastasis. Surgical excision is the only 
chance for cure. Even in patients with metastatic disease, tumour 
debulking can be considered to reduce the tumour burden and 
to control the catecholamine excess. Symptomatic treatment 
can be obtained with alpha-blockers. Mitotane can be used as 
adjuvant or palliative treatment [2]. Treatment with 131-I MIBG 
or combination chemotherapy has resulted in a partial response 
in thirty percent and an improvement of symptoms in eighty 
percent of patients.   [68Ga]-DOTATATE PET/CT showed a 
significantly superior detection rate to all other functional and 
anatomical imaging modalities and may represent the preferred 
future imaging modality in the evaluation of malignant/ metastatic 
pheochromocytomas [39]. In our patient, DOTATATE PET/CT 
showed no evidence of significant uptake suggestive of no disease 
anywhere else in the body. 
  Understanding specific molecular pathways alteration responsible 
for malignant PGLs development might hopefully in the future 
lead to multiple molecular-targeted therapy for a successful 
treatment. Effectiveness of these therapies is due to a cytostatic 
effect, as they interfere with specific molecular targets found along 
the oncogenic signaling pathways responsible for carcinogenesis 
and tumor growth. As stated above, both benign and malignant 
PGLs gene mutations are part of two distinct molecular pathways 
leading to tumorigenesis: cluster 1 includes mutations of VHL, 
SDHB, and SDHD and is associated to pseudohypoxia and 
aberrant VEGF signaling, leading to abnormal hypoxia inducible 
factor (HIF) activation and overexpression of angiogenic factors, 
while cluster 2 includes mutations of RET, NF1, TMEM127, 

 Table 2. PASS score in our patient.

Histomorphological parameter Score

Nuclear hyperchromasia 1

Profound nuclear pleomorphism 1

Capsular invasion 1

Vascular invasion 1

Extension into periadrenal adipose tissue Absent

Atypical mitotic figures Absent

Greater than 3 mitotic figures/10 high-power field 2

Tumour cell spindling 2

Cellular monotony 2

High cellularity 2

Central or confluent tumour necrosis 2

Large nests or diffuse growth (>10% of tumour volume) 2

Total 16
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and MAX and is associated with abnormal activation of 
kinasesignaling pathways such as PI3kinase/AKT, RAS/RAF/
ERK, and mTOR1/p70s6K, leading to abnormal cell growth and 
lack of apoptosis capacity. In addition, malignant PCCs seem to 
overexpress HSP90, a molecular chaperone that assists in folding 
proteins and stabilizes various oncoproteins that play a role in 
malignant phenotype [40, 41]. Thus, HIF1a inihbitors are molecular 
targeted drugs interfering with HIF hypoxia-driven transcription 
pathway, decreasing HIF activity directly, PX-478, and indirectly, 
PX-12 (1-methylpropyl 2-imidazolyl disulfide). These agents have 
shown marked antitumoral activity in human tumor xenografts 
in mice and seem to be promising also for malignant PGLs, but 
conclusive data are missing [42]. The mTOR inhibitor everolimus 
(RAD001) in combination with octreotide has been evaluated for 
low and intermediate grade neuroendocrine tumors, with good 
results [43]. The efficacy of everolimus has been evaluated also in 
malignant PGLs, but all patients experienced disease progression 
[44]. Maybe the low efficacy is due to a compensatory PI3K/
AKT and ERK activation in response to mTOR inhibition, so a 
specific novel dual PI3k/mTOR inhibitor (NVP-BEZ235) might 
offer a novel therapeutic approach [45]. Further studies on the 
PI3K/AKT/mTOR pathway have to be conducted to find a more 
specific molecular target in its signalling. Several studies have 
demonstrated overexpression in malignant PCCs of angiogenic 
molecules, such as VEGF, its receptor, angiopoietin-2, and the 
endothelin receptors ETA and ETB46, leading a strong evidence 
that targeting this pathway with antiangiogenic therapies could 

represent a new promising treatment option. Accordingly, 
sunitinib, a receptor tyrosine kinase inhibitor acting on several 
targets (VEGF, PDGF, and c-KIT), with strong antiangiogenic and 
antitumor activity, has been used in the treatment of malignant 
PCCs, with promising results [47]. Imatinib, another tyrosine 
kinase inhibitor already used for hematologic and gastrointestinal 
stromal tumors, has not been found effective for malignant 
PCCs treatment [48]. Thalidomide, by targeting VEGF and basic 
fibroblast growth factor, is an antiangiogenic agent evaluated for 
treatment of metastatic renal cell cancer, multiple myeloma and 
nonsmall cell lung cancer [49]. It has been used in combination 
with Temozolomide in neuroendocrine tumors [50] obtaining an 
objective biochemical response rate in about 40% and a radiologic 
response rate in 33% of malignant PCCs, but lymphopenia 
occurred in about 70% of treated patients. Activators of prolyl 
hydroxylase (PHD) (such as ERBB2 inhibitors) are now on 
evaluation as promising antineoplastic therapies. These molecules 
decrease the expression levels of some angiogenic factors, such 
as VEGF, acting on HIF pathway, by activating the PHD, thus 
increasing HIF hydroxylation, and promoting its degradation [51]. 
The radiopharmaceutical metaiodobenzylguanidine (MIBG) was 
created in 1979 [52]. 131I-MIBG was used to treat malignant, non 
resectable or metastatic PCC. MIBG is labeled with 131I at the 
meta-position and is taken up by the noradrenaline transporter. 
Once inside the tumor cell, MIBG releases lethal radiation that 
causes severe DNA damage, inhibiting cell proliferation and 
causing cell death. Up to 80% of MPPG patients have tumors 
that express the noradrenaline transporter in the cell membrane 
[53]. Responses to MIBG are, however, limited, with only 30% 
of MPPG patients seeing a clinical benefit [54]. Adjuvant external 
beam radiotherapy was recommended after surgical debulking 
of PCC, especially in patients with incomplete or R1 resection 
[55]. Yu et al. [56] was able to reverse cranial nerve deficit due 
to PCC metastatic tumor in the parasellar region by giving 25 
Gy, the patient suffered a local recurrence again 2 years later, 
and was again treated with 20 Gy, achieving prompt tumor 
response, the patient’s hepatic metastasis was controlled for >2 
year by giving 32.4 Gy. They recommended a dose of 40-50 Gy to 
achieve a more long-lasting tumor control for inoperable tumor. 
Surveillance should include plasma-free or urinary metanephrines 
every 3 months for 12 months. Metanephrines should be checked 
annually thereafter. Lifelong surveillance is recommended. Most 
recurrences occur within 5 years, but recurrences have been 
reported as long as 40 years from original resection. Nonsurgical 
treatment includes high-dose MIBG or chemotherapy comprising 
vincristine, dacarbazine, and cyclophosphamide. Unfortunately, 
there have been no complete responses reported and only 57% of 
cases experience a partial response. The five-year survival rate is 
less than fifty percent in malignant pheochromocytoma [57].

Conclusion

Malignant pheochromocytomas are rare and aggressive tumours 
with a heterogeneous presentation. Only isolated cases have 
been so far published rather than a large series of cases, so the 
determination of the outcomes is difficult. The lack of definitive 
predictors of malignancy and the variability of clinical course 
pose a significant diagnostic and therapeutic challenge. PASS 
score ≥ 6 of histological characteristics would suggest malignant 
pheochromocytoma. More often they are usually diagnosed by 
the presence of multiple tumours and offer a poorer prognosis. 
Surgical removal is the mainstay of treatment, DOTATATE PET/
CT helps in mapping metastatic disease and chemotherapy have 
been offered in nonsurgical cases.
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