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Pheochromocytomas (PHEQOSs) are a rare cause of endocrine hypertension that requires
genetic counseling since at least 30% of PHEOs are associated with a germline mutation
in a susceptibility gene. Neurofibromatosis type 1, NF7 is amongst the 16 known causing
genes for pheochromocytomas/paragangliomas. We report a case of a 73-year-old man
with PHEO in whom genetic testing revealed a large pathogenic heterozygous deletion
of 1.14 Mb encompassing the entire coding sequence of the NFT gene while the patient
showed no signs of clinical NF1.This case illustrates that the diagnosis of NF1 should
not be excluded in patients with PHEQ in the absence of clinical diagnosis of the disease
and support that older patients with PHEO should also be offered genetic counseling.

Keywords: neurofibromatosis, deletion, phenotype, pheochromocytoma, hypertension

INTRODUCTION

Pheochromocytomas (PHEOSs) are rare catecholamine-secreting tumors that can cause endocrine
hypertension with a prevalence of 0.4-2% in hypertensive patients (1). Germline mutations can
be identified in at least 30% of patients with PHEOs and paragangliomas (2). In light of this,
genetic testing is now recommended for all patients diagnosed with PHEO (3, 4). Some of these
mutations can cause hereditary syndromes such as neurofibromatosis type 1 (NF1), von Hippel-
Lindau (VHL), and multiple endocrine neoplasia type 2 (MEN2) (2). NF1 is a neurocutaneous
disease caused by a mutation in the NFI gene that encodes for the neurofibromin protein (5). The
NFI gene is located on the chromosome 17q11.2 (2). Two of the following criteria are needed to
establish the diagnosis of NFI: inguinal or axillary freckling, two or more neurofibromas, six or
more café-au-lait macules, two or more Lisch nodules, optic gliomas, distinctive bone lesions, or
a first degree relative with NF1 (6). We report here the case of a man with pheochromocytoma
that was diagnosed at 73 years-old carrying an unsuspected NFI gene deletion but with no clinical
manifestations of NF1.

Abbreviations: PHEO, Pheochromocytoma; NF1, Neurofibromatosis type 1.
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CASE REPORT

Following coronary artery bypass grafting, a 73-year-old man
presented with symptoms of palpitation, headache, sweating, and
blurred vision. His initial systolic blood pressure was over 240
mmHg. The patient’s medical history included type 2 diabetes,
dyslipidemia, coronary heart disease, prostate cancer and long-
standing hypertension that used to be well-controlled with 2
medications; Metoprolol 25 mg twice daily and Valsartan 80 mg
daily. However, his hypertension had been harder to control
for the past 2 years. His family history was unremarkable
except for cases of sudden death for his maternal uncle and
aunts. No familial syndromes were noted. Patient was worked
up for severe postoperative hypertension with a computed
tomography (CT) scan which revealed a small right adrenal
mass measured at 31mm (Figure1). Biochemical testing
included measurements of urinary fractionated metanephrines
which revealed high normetanephrines with a value of 880
nmol/d (N < 240). However, metanephrines (148 nmol/d:
N < 275), dopamine (936 nmol/d: N <2570), epinephrines
(undetectable: N < 110), and norepinephrines (456 nmol/d:
N < 440) were within the normal limits. Plasma free
normetanephrines were 2.10 nmol/L (N <1.20) and free
metanephrines 0.4 nmol/L (N < 0.48). The patient had
normal calcitonin levels. A meta-iodobenzylguanidine (MIBG)

scan showed intense and moderate uptake of a 2 x 2
x 3cm mass of the right adrenal mass with no distant
metastases. The patient underwent adrenalectomy and the
diagnosis of PHEO was confirmed by histology post-operatively
(Figure 2). PHEO of the Adrenal gland Scaled Score (PASS)
was 4, and the ki67 proliferation index was less than
one percent.

METHODS

After genetic counseling, the patient gave written consent for
genetic analysis. Leucocyte DNA was obtained. A genetic panel
of 14 susceptibility genes for PHEOs and paragangliomas
was performed. The following genes were evaluated
for sequence changes and exonic deletions/duplications
(VHL, RET, NF1, SDHD, SDHB, SDHC, SDHA/SDHAF2,
TMEMI127, MAX, FH, EGLNI, KIF1B, MENI) (Invitae,
San Francisco, CA). Following the identification of a gross
deletion, a comparative genomic hybridization (CGH)
was performed using Agilent-CGXTM-HD, 4 x 180K
oligonucleotide array (CHU Ste Justine, Unité Biologie
Médicale: Génétique, Montréal, Quebec) to identify the
boundaries of this genetic deletion. A written informed consent
was obtained from the patient for the publication of this
case report.

FIGURE 1 | (A) Computed Tomography scan showing a 3cm heterogeneous right adrenal mass of undetermined significance. (B) Strong
Meta-iodobenzylguanidine (MIBG) uptake of the 2 x 2 x 3cm right adrenal mass with no evidence of distant metastasis.

tumor cells (Chromogranine A staining, 200 x).

FIGURE 2 | (A) More typical Zellballen’s architecture with small tumor nests and very focal tumor cell spindling (Hematoxylin and eosin staining, 100 x). (B) Large
tumor nests were also present (Hematoxylin and eosin staining, 100 x). (C) Chromogranine A immunostaining showing strong granular cytoplasmic positivity in the
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FIGURE 3 | Schematic representation of the genomic region at 17q11.2 harboring the NF7 gene and its flanking genes. The deletion of 1.14-Mb is shown with the
blue bar and includes 11 OMIM genes (CRLF3, ATAD5, TEFM, ADAP2, RNF135, OMG, EVI2B, EVI2A, NF1, RAB11FIP4, MIRI193A) and, 7 other genes (DPRXP4,
MIR4733, MIR4724, MIR4725, MIR365B, CORPS, UTP6). Modified from Kehrer-Sawatzki et al. (7).

TABLE 1 | Clinical and biochemical descriptions of patients with PHEO and NF1 without clinical NF1 diagnosis described previously and including the current report.

Gieldon et al. (2)

Parisien-La Salle
et al., 2019
(current article)

Case 1 Case 2 Case 3 Case 4
Sex Female Male Female Male
Past medical history Hypertension Prostatic adenocarcinoma, None Hypertension, prostate cancer
medullary thyroid cancer
Pertinent family history None thyroid cancer—type unknown None None
Age at NF1 diagnosis 53 56 22 73
(years of age)
Age at PHEO diagnosis 39 and 53 56 22 73
(years of age)
PHEO location Bilateral Bilateral Left adrenal Right adrenal
Presenting symptoms Palpitation, sweating, flushed Hypertension Hypertension Hypertension, palpitation,
headache, sweating, and blurred
vision
Functionality Metanephrines and Metanephrines, Metanephrines, Normetanephrines
normetanephrines normetanephrines, epinephrine, normetanephrines,
norepinephrines dopamime and
methoxytyramine
NF1 signs Macrocephaly On retrospective examination: Short stature On retrospective examination:

Café-au-lait spots, axillary and

pectus excavatum

inguinal freckling, Lisch nodules,
neurofibromas and

macrocephaly
NF1 Mutation *c.6084+1G> A splice-site

mutation

*G.7206_7207del
(p.His2402GiInfs*4)

*.7846C> T,
p.Arg2616*

Deletion of 15 oligonucleotides
1.14Mb at *17g11.Including the
entire coding sequence of NF1

*NM_000267.3.

RESULTS

Panel genetic testing revealed a gross heterozygous germline
deletion of the genomic region encompassing the full-coding
sequence of the NFI gene (NM_000267.3). In order to better
identify the boundaries and the extends of this event CGH
array was performed. The analysis showed a deletion of 15
oligonucleotides at 17q11.2 (position 29, 116, 494-30, 260, 501)
(Genome Browser UCSC 2009hg19 assembly). The size of this
large pathogenic heterozygous deletion is estimated at 1.14 Mb.
In addition to the NFI gene, this deletion includes 10 OMIM

genes: CRLF3, ATAD5, TEFM, ADAP2 RNF135, OMG, EVI2A,
RABI11FIP4, MIR193A and 7 other genes: DPRXP4, MIR4733,
MIR4724, MIR4725, MIR365B, COPRS, UTP6 (Figure 3). Patient
was re-examined in light of these findings but showed no signs of
clinical neurofibromatosis type 1 except for a pectum excavatum
that may be associated with NF1.

DISCUSSION

To our knowledge, we report the oldest patient carrying a large
deletion encompassing the entire NFI gene in the context of an
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apparently sporadic pheochromocytoma. Very recently, a case
series described three patients with PHEOs carrying unsuspected
NFI mutations (2). In contrast to our case, these patients were
younger (22, 39, and 56 years) and carried only point mutations
in the NFI gene rather than the loss of the entire gene. In this
report, only one of the three patients had discreet signs of NF1
on a repeat examination (2) (Table 1). This shows that a clinical
examination is insufficient to exclude a NF1 diagnosis in a case
of PHEO.

In our case, the tumor secreted normetanephrines. NF1
cases of PHEO have been shown to secrete metanephrines or
normetanephrines (2). Gross deletions of the NFI genes have
been described previously in individuals with neurofibromatosis
type 1 (8, 9). Large deletions of the NFI gene and its
flanking regions are frequently associated with a more severe
clinical phenotype of NF1 (dysmorphic features, overgrowth,
hypotonia, and cognitive impairment) that was not present in this
patient (7).

NF1 is a heterogeneous disorder affecting ~1/3,000 births
(10). This disease causes multi-organ involvement, which can
include PHEOs in 0.1-7% (2, 10). The incidence might be
underestimated due to the lack of formal recommendations
to universally screen biochemically NF1 patients for PHEOs,
as there are in other genetic syndromes such as Von-Hippel-
Lindau or MEN2 (10, 11). Recent data showed that 31% of
PHEOs in NF1 are found incidentally and only 7.3% were
diagnosed following biochemical testing (12). Moreover, PHEOs
tend to be diagnosed at an older age in patients with NF1
when compared to other genetic mutations (48 vs. 30 years
old) (10).

Diagnosis of NF1 is important as it is associated with an
elevated risk of associated malignancies, including malignant
peripheral nerve sheath tumors, breast cancer, gastrointestinal
stromal tumors, brain, and central nervous system tumors (13).
This entails these patients to a more rigorous screening and
active surveillance. Furthermore, recognition of NF1 is important
for familial screening. In addition to de novo mutations NF1
may be inherited (14). The patient reported here did not have
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