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Abstract

Context: Since the original discovery of the Pacak-Zhuang syndrome (PZS) in 2012, defined
by the clinical triad of pheochromocytoma/paraganglioma (PPGL) and/orduodenal
ampullar somatostatinoma with erythrocytosis, multiple multisystemic phenotypes have
been identified in patients with somatic mosaic pathogenic variants innfEPAS1/HIF2A. Deep
phenotyping of patients along with evaluation of a transgenic murine model has led to the
understanding of the role of HIF-2a in developmental.processes, including tumor
development. Interestingly, pancreatic NETs occurin von Hippel-Lindau disease and the

VHL gene product regulates HIF-2a expression.

Objective and results: Herein, we describe a novel series from two institutions of patients
with EPAS1 associated pancreatic neuroendocrine tumors including a case of a
nonfunctioning pancreatic neuroendocrine tumor (NET) in association with an EPAS1
somatic mosaic variant. This case study extends our current understanding of the
phenotypic spectrum in PZS and links pancreatic NETs to an additional hypoxia-associated

gene, namely EPAST.

Introduction

Inthe early 2000s, members of a family with erythrocytosis were found to have a novel

germline EPAS1/HIF2A gain-of-function variant[1]. Atthe same time, patients with VHL-
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associated Chuvash erythrocytosis (homozygous VHL ¢.598C>T variants) uniquely present
with blood cell dyscrasias and elevated vascular endothelial growth factor (VEGF) in the
absence of tumors[2]. Taken together, this led to the concept that HIF-2a (encoded by
EPAS1/HIF2A) may be involved in erythrocytosis. Mosaic postzygotic gain-of-function
variants in EPAS1/HIF2A were then identified in two individuals with congenital
erythrocytosis, pheochromocytoma/paraganglioma (PPGL), and duodenal ampullar

somatostatinoma, connecting for the firsttime, EPAST to tumordevelopment[3, 4].

Concurrent to the discovery of this syndrome, a transgenic murine model bearing a mosaic
variant, introduced early in embryonic development, solidified our understanding of the
role of EPAST in PPGL development[5]. This model reproduced the clinical spectrum of
Pacak-Zhuang syndrome (PZS)including erythrocytosis and somatostatinoma positive
cells within the duodenal@ampulla. Deep phenotyping and assessment of patients with PZS
with the PPGL clinical program at the National Institutes of Health[6, 7] have revealed that
patients and mice have unexpected multisystemic malformations, likely a reflection of the
spatiotemporal expression of HIF-2a during embryonic development[8]. Beyond
erythrocytosis and neural crest derived PPGL tumors, EPAS7 gain-of-function variants have
been linked to ocular defects (e.g., tortuous retinal vessels, optic nerve gliosis, morning
glory anomalies, retinal and macular edema), systemic venule malformations (e.g.,
cavernous malformations in the spinal vascular network), enlarged venous drainage of the

central nervous system (vein of Galen and dural sinuses), and neural tube defects (e.g.,
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neuraxial dysraphism) within patients and the corresponding transgenic mouse model

(Figure 1)[9-11].

Pancreatic neuroendocrine tumors (NETs) are a feature of some inherited cancer
syndromes, including multiple endocrine neoplasia type 1 (MEN1), von<Hippel Lindau
(VHL) disease and, occasionally, in patients with germline pathogenic variants in succinate
dehydrogenase subunit B and subunit D gene (SDHB and SDHD; respectively) and
neurofibromatosis (NF7)[12, 13]. Extensive whole exome and genome sequencing studies
have revealed that a sizeable percentage of pancreatic NETs are heritable (17%) and can
harbor germline and somatic pathogenic variants'in VHL, NF1, and ATRX, similarto PPGLs,
and genetic defects impacting the PISK/mIOR pathway (e.g., TSC1/2, PTEN)[14-16]. Scarpa
et al. identified a distinct cluster of pancreatic NETs associated with hypoxia signaling and
metabolic reprogramming[14]. More recent work by Yossef et al., investigating
metabolomics and transcriptomics profile of pancreatic NETs in VHL vs non-VHL patients,
showed a unique profile of pseudohypoxic NETs, with abundance of adenosine and its
metabolites in pseudohypoxic tumors[17]. The penetrance of pancreatic NETs in VHL
carriers ranges between 8-17% and tumors are typically non-functioning but may be
malignant[18]. The VHL locus is often inactivated in sporadic pancreatic NETs through non-
mutational mechanisms and is associated with reduced survival rates[19]. Both sporadic
and hereditary pancreatic NETs with VHL inactivation are associated with upregulated HIF-
2a activity and the expression of hypoxia responsive genes. To date, molecular drivers of

PNETs have not been linked to EPAST.
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The vast majority of genetic variants in EPAST are somatic mosaic and/or occurin the
oxygen dependent degradation (ODD) domain (residues 529 to 540), however variants 3’ of
the ODD have been identified impacting residues 766, 785-789, and 834 [6, 20-23]. Recent
studies have suggested the role of environmental hypoxia exposure (e.g.;ssickle cell
disease, congenital cyanotic heart disease, and altitude) driving acquired somatic EPAS1
variants in PPGLs and epigenetic modulation of EPAST as an adaptation response, however
itis unclear whether they are inciting factors[24-27]. In.addition, it is uncertain whether
chronic hypoxia increases the risk for other tumors.-Thusfar, none of the reported studies
of patients with somatic mosaic PZS and those with.environmental hypoxia exposure have
reported pancreatic NETs, except for somatostatinoma(s)[28]. There have been reports of a
somatic EPAS1 variantin a pancreatic neuroendocrine tumor (NET) (p.Pro531His) and
germline EPAS1T variantin individualwith concomitant VHL syndrome and an additional
case of a pancreatic NET (with.germline variants in VHL Trp117Ser and EPAST p.

His194Arg)[20,:29].

Belzutifan, a potent HIF-2a inhibitor (PT2977), was first evaluated in VHL-associated renal
cell carcinoma and showed therapeutic benefit with objective response rates of 49%[30]. It
has likewise proven to be effective in other VHL disease cancer phenotypes witha 91%
therapeutic response rate in patients with pancreatic NETs[30, 31], suggesting a role of

Belzutifan in treating EPAS7-associated pancreatic NETs. Recent studies indicate that
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Belzutifan has activity in all clear cell renal carcinoma with an objective response rate of
21.9-25% at a median follow up of >25 months[32, 33]. In addition, Belzutifan has been
used in cases of PZS with therapeutic effects on hemoglobin, erythropoietin,
catecholamines, blood pressure control, and tumor control[34-36] along with advanced or
metastatic pheochromocytomas and paragangliomas[37]. Belzutifan has recently gained
FDA approvalforusagein clear cell renal carcinoma as well as pheochromocytoma and
paraganglioma in the Unites States. Herein, we describe a novel'case of pancreatic NET, in
the absence of synchronous PPGLs in an individual with PZS and.investigate the phenotype
of pancreatic NETs in a case series of patients with somaticmosaic pathogenic variants in

EPAST.

Materials and Methods

Study Design and Patient Selection

All patients included in the study provided written informed consent in accordance with the
ethical standards established by the Helsinki Declaration. The index patient was recruited
to thesMolecular Pathology of Human Genetic Disease Study (South Birmingham REC
CA/125)at Addenbrooke’s Hospital. Likewise, the institutional review board of the Eunice
Kennedy Shriver National Institute of Child Health and Development (NICHD,
ClinicalTrials.gov Identifier: NCT00004847) approved the pheochromocytoma
paraganglioma clinicalstudy protocol. Patients with paraganglioma(s), erythrocytosis, and

confirmed EPAS7 somatic mosaic variantin the NICHD study met the criteria of PZS.
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Cohort Evaluation and Genetic Analysis

The pathogenic EPAS1 variant (Asp539His) in the index case was firstidentified on NHS
clinical sequencing endocrine neoplasia and hereditary erythrocytosis panels by next
generation sequencing. Subsequently, the variant allele frequency in both the pancreatic
NET and blood of the index patient were evaluated using custom designed Sanger
sequencing primers targeting the ODD of EPAS1. For PZS patients at the NIH, variants in the
EPAS1 ODD were evaluated in circulating leukocytes and/or resected-tumors utilizing
whole exome sequencing, ddPCR, peptide nucleic acid:sequencing and were previously
shown to be somatic mosaic in patient tissue[6, 9;38]. Phenotypic data along with lab

results were collected from respective institutionalelectronic health records.

Results

Case Presentation

A male infant wasreferred to the ophthalmology team with concerns regarding severe
visualimpairmentand was registered as blind secondary to bilateral congenital retinal
dysplasiaat3 months old. His family history was notable for Factor V Leiden deficiency
and a maternal uncle with seizures and intellectual disability of unknown etiology. Genetic
testing for Norrie’s disease (associated with NDP pathogenic variants) and exudative

vitreoretinopathy (linked to variants in FZD4, LRP5 and TSPAN12) were negative.
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The patient underwent tonsillectomy at age nine which was complicated by two episodes
of post-operative hemorrhage. Blood tests showed a persistently elevated hemoglobin of
204 g/L (115-155g/L), hematocrit of 0.677 (0.350-0.450 L/L), platelets of 134 x10°%/L (150-
400x10°%L) and prolonged prothrombin time of 14 s (9.8-12.6 s). Blood film showed packed
red cells with morphologically normal white cells and platelets, white cell differential was
normal, and his blood tests were otherwise unremarkable except formarginally elevated

total bilirubin of 16 pmol/L (0-14pumol/L).

He was referred to the pediatric hematology team who performed extensive investigations
for primary and secondary erythrocytosis..PCR testing of JAK2 V617F and JAK2 exon 12
pathogenic variants were both negative, hemoglobin electrophoresis was normal, clotting
factor assays were normal, buthis erythropoietin level was significantly elevated at 614 U/L
(5-25 U/L) and iron studies were consistent with iron deficiency. The patient had serial
whole-body MRI, ultrasound, echocardiogram and ['®F]-FDG PET-CT imaging over a period
of 3 years which was negative for any cardiac congenital abnormality or erythropoietin-
secreting source such as a hemangioblastoma, revealing only mild splenomegaly.
Differential renal venous sampling was performed but was normal. MRl imaging of the head
also demonstrated prominent perivascular spaces in the subcortical white matter of both
cerebral hemispheres of unclear clinical significance and bilateral enophthalmos (Figure
2). Bone marrow aspirate and trephine revealed a hypercellular marrow with erythroid

hyperplasia and no features of dysplasia orincreased blasts. The possibility of a
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pathogenic variant in the oxygen-sensing pathway or high-affinity hemoglobin was

discussed, but genetic screens for VHL, PHD2 and EPAST were initially negative.

In the interim, he was commenced on a program of intermittent venesection. Following a
period of suboptimalhematocrit control, CT imaging was repeated for abdominalpain. This
showed a new non-occlusive thrombus in the splenic vein in addition to known
splenomegaly, features suggestive of non-cirrhotic portal hypertension and a pancreatic
lesion. He was started on oral anticoagulation and endoscopic ultrasound was performed
showinga 24 mm uncinate process lesion and an adjacent 10 mm lymph node. Fine needle
aspirate from both lesions was in keeping with a well differentiated neuroendocrine tumor,
showing cells with granular, coarse hyperchromatic chromatin patterns and scant
eosinophilic cytoplasm which were positive on immunohistochemical staining for
MNF116, synaptophysin,.chromogranin Aand CD56. MIB -1 proliferation index was <3%.
Clinically, the patient reported no symptoms/signs of hormone excess, specifically he had
no gastrointestinal symptoms and fasting gut peptide screening revealed a normal
somatostatin level. Subsequent staging with a Gallium-68 [*®Ga]-DOTATATE PET-CT scan
demonstrated high somatostatin receptor expression in the pancreatic lesion and adjacent
node, with no other evidence of metastatic disease (Figure 2). The working diagnosis was
that of a non-functioning pancreatic neuroendocrine tumor and after careful discussion, a
Whipple’s resection was performed. Histology confirmed a grade 2, well differentiated

pancreatic NET, ENETS stage pT2 N1 RO.

10
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A liver biopsy was arranged to investigate non-cirrhotic portal hypertension and
demonstrated features of portosinusoidal vascular disorder with an overall mild portal and
perisinusoidalfibrosis. Esophago-gastroduodenoscopy was negative for any varices..In
view of this new diagnosis of a pancreatic NET, genetic testing included an endocrine
neoplasia panel (AIP, CDC73, CDKN1B, MEN1, RET exons 5, 8,10, 11 and 13-16).and a
repeat hereditary erythrocytosis panel (R405) by next generation sequencing was also
performed. These analyses were performed using the standardized genetic testing panels
commissioned through the NHS. A mosaic likely pathogenic EPAST variant c.1615G>C p.
(Asp539His) was identified in germline blood samples takenat age 2 and 22, with a variant

allele frequency of 13%.

Targeted Sanger sequencing also identified the same EPAST variantin the pancreatic NET
sample at a variant allelefrequency of 42.8% (Figure 2). In addition, targeted Sanger
sequencing validated the germline results: the variant allele frequency in the blood
samples were15.2% and 15.5%. Utilizing ACMG criteria for pathogenicity, the Asp539His
variant met the criteria for likely pathogenicity with the following lines of evidence: PM1,
PM2, PP3, PS3, and PS4. The variant was not identified in gnomAD nor EXAC (PM2) and is
located in a hotspot region of the oxygen dependent degradation domain of EPAS1 (PM1).
Ferens et al. reported the class 1 Asp539Tyrand Asp538Asn variants impact binding with
PHD2, leading to increased transcriptional activity of EPAS1 (PS3). /n silico prediction
models are congruent and predict the variant to be pathogenic (PP3): SIFT O (deleterious),

Polyphen score 1 (probably damaging), CADD score of 31 (deleterious, top 0.1%), and

11
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alpha missense score 0.9977 (likely pathogenic). Somatic sequencing using a commercial
gene panel assay via the TruSight Oncology 500 (TSO500) assay, which interrogates over
500 cancer-related genes, was performed on DNA extracted from the pancreatic NET .and
no additional somatic variants were identified. Serial plasma metanephrines havebeen
normal to date with no evidence of synchronous PPGLs on cross sectionalimaging or
[(8Ga]-DOTATATE PET-CT. Serialimaging has notidentified recurrence of the pancreatic NET

almost two years post-surgery.

Review of pancreatic phenotypes in mosaic EPAS1 (HIF2A) gain-of-function syndrome

“Pacak-Zhuang syndrome”

EPAS1 somatic mosaic variants are a hallmark of neuroendocrine tumors in PZS. In the 15
cases at the NIH, five individuals, followed for at least 11 years since first tumor evaluation,
developed histologically confirmed pancreatic NET with oftentimes dilation of the
pancreatic duct, in addition to PPGL(s) at or after the diagnosis of erythrocytosis (Figure 3).
Among those five patients, erythrocytosis was first diagnosed at a median age of 2 years
(range: birth to 7 years). The median age at diagnosis of PPGL was 24.4 years (range: 14-39
years), while pancreatic NETs (PNETs) were diagnosed at a median age of 29 years (range:
21-39 years) and metastatic PNETs occurred in 3 out of 5 cases. The cohort was
predominantly female, with a female-to-male ratio of 4:1. The median somatostatin levels
was 47.6 pg/mL (normalrange up to 25 pg/mL) across the group (range: 12-109 pg/mL),

including a patient with normal somatostatin levels, similar to our reported index case,

12
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thus a normal somatostatin level does not exclude the diagnosis of NET in patients with
PZS. Despite having a pathogenic variant at codon 539, similar to this case study, patient
#1 in the NIH cohort had a functional somatostatin-producing PNET and had post-surgical
cystic changes (Figure 3). All cases presented symptomatically with non-specific
generalized gastrointestinal symptoms/sighs and somatostatin secreting PNETs at an older
onset (age range 21-39) than this case study and with multiple tumors, localrecurrence
and distant metastasis in 75%, 75%, and 50%, respectively (Table 1). Resected PNETs had
EPAS1 variants at a variant allele frequency of 31-56% of the tumaor'content, a similar
percentage to our index case (42.8%). Critically, two of the individuals developed
recurrence and metastasis and three individuals (Patient #1, #2, and #4) were commenced
on Belzutifan after recurrence of PPGL and without surgical resection. To date, Patient #2
has had limited disease progression on imaging after 17 months of treatment. Patients #1,

#2, and #4 have had stable somatostatin levels since initiating Belzutifan.

Discussion

This case study of a non-functioning NET in an individual with congenital erythrocytosis,
bilateral cataracts, and splenomegaly is the first reported case of an individual with a non-
functioning PNET and pathogenic EPAST variant. This case study describes a new genetic
etiology of PNETs. Approximately 10% of individuals with VHL disease, with higher
frequencies in those with PPGL predisposing missense variants, develop pancreatic NETs,

which are often non-functioning and multifocal [18, 39, 40]. Recently, proteomic

13
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assessment and differential gene expression of pancreatic NETs have identified the
molecular subtypes metastasis-like (MLP) tumors, associated with a poor prognosis, and
are characterized by upregulated hypoxia signaling such as HIF-1a expression[41], however
underlying genetic pathogenic variants in hypoxia signaling pathways beyond VHL were not
identified. The identification of direct binding of HIF-2a with B-catenin[42] supports the
involvement of downstream HIF-2a signaling in the pathophysiology of PNETs:"Landmark
studies of the therapeutic efficacy with the potent small-moleculeinhibitor of HIF-2a
Belzutifan in VHL-associated pancreatic lesions in patients with clear cell renal
carcinoma[31] suggests that the hypoxia subtype of pancreatic NETs including EPAST may
also be amenable to the same therapy and therefore assessment of the frequency of
EPAS1 variants in large cohorts of pancreatic NETs is warranted. However, it should be
noted that, as seen with the initial testingin our case, mosaic EPAS1 variants may not be
detected by routine genetic testing and specific molecular investigations may be indicated
if low-level mosaic variants are suspected. The efficacy of the HIF-2a inhibitor Belzutifan
has expanded from VHL associated renal tumors to a role in all clear cell renal carcinomas,
and metastaticPPGL[33] and conceptualizes the larger translational implications of
studying rare genetic syndromes and genotype-phenotype correlations. This case series
illustrates an expansion of the current understanding of gene-disease phenotypes
associated with EPAST, including the association with functioning and non-functioning
PNETs. The observation of portosinusoidal vascular liver disease, enophthalmos,
prominent perivascular spaces within the brain white matter and a non-functioning

pancreatic NET in one individualin this case series supports the possibility of a

14
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spatiotemporal effect of the EPAS7T mosaic variant and warrants further evaluationin a

transgenic EPAST murine model.

Data Availability

All clinical data were obtained from electronic medical records at Cambridge University
Hospitals and the National Institutes of Health. The authors confirm that the data
supporting the findings are available withinthe article. Datasharingis notapplicable to this

article as no datasets were generated or analyzed during the current study.
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Transgenic Mouse Model of Pacak-Zhuang Syndrome
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Figure 1. Summary of EPAS1 associated phenotypes in Pacak-Zhuang syndrome (PZS) and

a transgenic murine model. Disease entities were compiled from previously reported

publications[6,9-11; 38]. Phenotypes identified thus farin the Epas? murine modeland in
PZS patients are listed on the left- and right-hand sides respectively, while the middle

section lists common phenotypes. Created in BioRender. Cole, Y. (2025)

https://biorender.com/g1a8rco
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Figure 2. HIF2A-Associated Nonfunctional Pancreatic Neuroendocrine Tumor. A: An axial
contrast enhanced CT image of the abdomen and pelvis demonstrating a 30mm pancreatic
neuroendocrine tumor in the uncinate process and adjacent 10 mm lymph node. B: A
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sagittal fused image from a [8Ga]-DOTATATE PET-CT illustrating avidity in the pancreatic
mass and adjacent node. Axial T2-weighted imaging of the brain shows multiple visible and
prominent perivascular spaces in (C) the bilateral subcortical white matter of the temporal
lobes and (D) the bilateral subcortical white matter of the frontal lobes. (E) EPAS7 variant
allele frequency in both germline (sample #1 15.2%, sample #2 15.4%) and somatictissue
(pancreatic neuroendocrine tumor) (42.8%) in index case. Created in BioRender..Cole, Y.
(2025) https://BioRender.com/z607ez6

Patient 1: 5 cm cystic lesion
anterior to pancreatic head, with
8 mm pancreatic duct dilation

Patient 2: 2 arterially enhancing
lesions seen on CT (negative
enteric contrast with |V contrast)
1.2 cm and 0.6 cm at ampulla and
pancreatic head, respéctively

Patient 3: dilation of common bile duct (CBD)

Patient 4: Mass (1.7 x 1.2 cm) pancreatic duct (PD) up to 1cm, and intrahepatic
bulging into lumen, seen@n ducts secondary to 1.1 x 1.3 cm ampullary mass
contrast enhanced CT{negative seen enhancing on CT (negative enteric contrast

enteric contrast) and MRI with

contrast with IV contrast) and MRI with contrast
r

Figure 3. Somatostatinoma imaging in a Pacak-Zhuang syndrome cohort. CT images are
provided for four individuals with somatostatinomas. Masses are denoted with either a
circlerorarrows along with measurements. Only a post-surgical contrast enhanced CT
imaging is available for patient 1 is available and illustrates a post-surgical cyst with
pancreatic duct dilation. Patients 2 and 3 also demonstrate pancreatic duct dilation in
addition to a somatostatinoma. Note: Patient 5 underwentimaging and surgical resection
at an outside institution prior to referral; although the imaging was not available for review,
pathology confirmed the diagnosis of somatostatinoma. Created in BioRender. Cole, Y.
(2025) https://BioRender.com/9qqp24l
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Pacak-Zhuang Syndrome Patient Characteristics

. . Patient 3 Patient 4 Patient
Patient 1 Patient 2 5
Erythroc  Erythrocy Erythrocy Erythrocyto Erythroc
ytosisat  tosisat tosis at sisatage2 ytosisat
Age at Initial Diagnosis age?2 birth birth age7
PPGL (age at first 39 18 14 15 36
diagnosis)
PNET
(Somatostatinoma
)
Age of Initial 39 23 29 21 36
Diagnosis (years)
Multiple N Y Y Y
somatostatinomas Y
?
Somatostatin (<25 31 50 109 12 36
pg/mL)
40 34 32 NA NA
(possible
recurrence
with
somatostati
n elevated
Age of Recurrence to 30)
Age of Metastatic 39 NA 32 NA 36
Disease
Pathological Grade NA* (2%) NA* (2%?°) NA* (NA#) G1 NA* (NA¥),
(ki67 index) (<3%),
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somatost somatosta
atin tin positive
positive on IHC,
onIHC, invading
invading mucosa,
mucosa, submucos
submuco' a,and
sa, and musculari
muscula s propria
ris
propria
Catecholamines
(plasma)
Norepinephrine (80- 1875 1760 10951 257 775
498 pg/mL)
Epinephrine (4- 24 7 100 <20 <20
83pg/mL)
Dopamine (3-46 <25 20 28 <25 1091
pg/mL)
Normetanephrine 1993 858 4834 158 515
(18-112 pg/mL)
Metanephrine(12-61 77 9 121 <12 <12
pg/mL)
Variant analysis
EPAS1 p.D539N p.A530V p.A530T p.P531S p.Y532C
Variant allele
frequency (%):
Blood Undetect 0.80% 12.70% Undetect Undetect
ed ed ed
Nail Undetect Undetected 27.00% NA Undetect
ai
ed ed

23

920z Asenuer |z uo sasn Aseiql| Alisieaiun uoise Ag 29761 18/€000ebp/waulo/0Lz L 0L /Iop/a[o1e-aoueApe/wadl/wod dno-oiwapede//:sdily woly papeojumoq



Hair Undetect 1.80% 12% Undetect 1%
ed ed
3.80% 1.30% 17.80% NA Undetect
Buccal
ed
NA* 31% and 56% 40% NA
37% (two
Tumor .
pancreatic
lesions)
Early Episodes of Obstructive «~ None; Obstructi
satiety, dull jaundice, identified ve
occasion epigastric chronic incidenta jaundice
al pain abdominal ly
Gl Symptoms nausea without painand
clear nausea/vom
triggers or iting
relieving
factors
EPO- EPO- EPO- EPO- EPO-
depende dependent dependent depende dependen
nt erythrocyto erythrocytos nt t
erythrocy sis, optic is, opticdisc erythrocy erythrocyt
tosis, disc fibrosis, tosis, osis, mild
optic fibrosis, peripapillary optic optic
disc vascular gliosis and disc nerve
fibrosis, tortuosity peripheral fibrosis, gliosis,
Other Phenotypes peripapill with dilated retinal optic bilateral
ary veins, vascular nerve cataract
gliosis peripapillar anomalies gliosis, (posterior
and optic ygliosis of both eyes, macular subcapsu
disc bilateral exotropia of oedema lar), optic
drusenin eyes, left eye, and disc
left eye, abnormal hemangiobl tortuous fibrosis,
strabism retinal astoma-like vessels HNPGLs,
us with vasculature lesionin left lung and
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amblyopi with eye, primarily cervical

aand tortuous Marfanoid in R eye cysts
esotropia thickened habitus,
of left veins and ascending
eye, peripheral aortic
pancreati retinal aneurysm
C cysts, pigment
liver epithelial
lesionon changes,
MRI bilateral

renal cysts,

breast

cysts

Table 1. Clinical phenotypes in Pacak-Zhuang syndrome (PZS). Clinical phenotypes and
laboratory investigations are provided for fourindividuals with pancreatic neuroendocrine
tumors (somatostatinomas) from a cohort of PZS patients at the NIH. Other phenotypes
have been previously published[6]. Age of onset is provided for each phenotype. For
somatostatinomas, information regarding disease recurrence is provided. M: molar; pL:
microliter; mlU/mL: milli-international units per milliliter; pg/mL: picograms per milliliter;
pM: micromolar. *Denotes that avariant allele frequency was not available on the tumor
“Denotes information was not available/reported in histologic report *Ki67 index from one
of the tumors resected.
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