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Context: The phenotype of familial pheochromocytoma (PHEO) associated with germline
TMEM127 mutations (TMEM127-related PHEO) has not been clearly defined.

Objective: This study aimed to investigate the penetrance, full phenotypic spectrum and effec-
tiveness of clinical/genetic screening in TMEM127-related PHEO.

Design, Setting, and Participants: Clinical and genetic screening, and genetic counseling were
offered to 151 individuals from a six-generation family carrying a TMEM127 germline mutation in
a referral center.

Intervention and Main Outcome Measures: TMEM127 genetic testing was offered to at-risk rel-
atives and clinical surveillance for pheochromocytoma was performed in mutation-positive
carriers.

Results: Forty seven individuals carried the c.410-2A�C TMEM127 mutation. Clinical data were
obtained from 34 TMEM127-mutation carriers followed up for 8.7 � 8.1 years (range, 1–20 y).
Pheochromocytoma was diagnosed in 11 carriers (32%) at a median age of 43 years. In nine
patients, symptoms started at 29 years (range, 10–55 y) and two cases were asymptomatic. Tumors
were multicentric in five (45%) and bilateral in five (45%) patients. Six patients (54%) had at least
one adrenomedullary nodule less than 10 mm. No paragangliomas, distant metastases, or other
manifestations were detected. Cumulative penetrance of pheochromocytoma was 0% at 0–20
years, 3% at 21–30 years, 15% at 31–40 years, 24% at 41–50 years, and 32% at 51–65 years. The
youngest case was diagnosed at 22 years and the earliest symptoms were reported at age 10.

Conclusions: Tumor multicentricity, nodular adrenomedullary hyperplasia, and the occurrence of
symptoms more than a decade earlier than the age at diagnosis are novel findings in TMEM127-
related PHEO. The high penetrance of pheochromocytoma in this condition validates the benefits
of genetic testing of at-risk relatives. We thus recommend that TMEM127 genetic testing should
be offered to at-risk individuals at age 22 years and mutation carriers should undergo clinical
surveillance annually. (J Clin Endocrinol Metab 100: E308–E318, 2015)
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Pheochromocytoma (PHEO) and paraganglioma (PGL)
are tumors originated from the neural crest and lo-

calized in the adrenals and extra-adrenal paraganglia, re-
spectively. PHEOs are usually benign, produce excess cat-
echolamines, and are frequently associated with stable or
paroxystic hypertension, although some patients may be
asymptomatic (1). Undiagnosed PHEO frequently leads to
cardiovascular complications or death (1, 2).

Familial PHEOs can have distinct characteristics from
sporadic PHEOs, including increased likelihood of bilat-
erality, asynchronicity, coassociation with PGLs, and oc-
casionally, oligo- or asymptomatic presentation (3). In the
latter cases, biochemical testing and imaging studies with
magnetic resonance imaging (MRI) or computed tomogra-
phy (CT) and 131I- or 123I-metaiodobenzylguanidine
(MIBG) scan are almost always able to provide diagnostic
support and localize the PHEO and/or PGL (4).

Often, familial PHEOs are diagnosed at earlier ages
than sporadic tumors, and in most cases a detectable germ-
line PHEO-causing mutation can be identified in one of
several genes, including VHL, RET, NF1, SDHA, SDHB,
SDHC, SDHD, SDHAF2, TMEM127, MAX, FH, and
also K1FB, EGLN1/PHD2 (3, 5–7). In addition to clear
familial cases, a germline mutation in these genes can be de-
tected in 10–20% of apparently-sporadic PHEOs, ie, those
occurring as a single tumor in patients older than 40 years of
age with no family history (8). Thus, genetic testing is rec-
ommended to all PHEO patients, and the effectiveness of
genetic screening for at-risk family members has been vali-
dated in many PHEO-related syndromes (8–10).

TMEM127 was mapped and later identified as the patho-
genic target of a familial form of pheochromocytoma (11,
12).This genehas featuresof a classic tumor suppressorgene
and encodes for a transmembrane endosomal protein that
can affect mTOR signaling, a pathway relevant for protein
synthesis and cell survival (12). Pheochromocytomas with
TMEM127 loss-of-function mutations are transcriptionally
related to NF1- or RET-mutant tumors that are enriched for
kinase receptor signaling pathways, and thus differ from tu-
mors harboring mutations in VHL, SDHB, and SDHD
genes, which display activation of genes involved in the hy-
poxic response (12, 13).

Clinically, most patients with TMEM127 mutations
present with a benign (98%), unilateral (62%) or bilateral
(28%) tumor, almost exclusively adrenal (96%), whereas
a positive family history is present in only one fourth of the
cases (14–16). In contrast with most familial PHEO syn-
dromes, the median age at the diagnosis of patients with
TMEM127 mutations is similar to that seen in sporadic
PHEOs, posing a challenge in distinguishing these two
states (14, 16). Malignancy documented by the presence of
metastasis was detected in few cases (14, 17), and no so-

matic TMEM127 mutations have yet been described.
Overall, TMEM127 mutations occur in 1–2% of appar-
ently sporadic unilateral PHEO cases (14, 16).

More than 40 TMEM127-related PHEO cases occur-
ring in independent families and involving over 30 differ-
ent mutations have been reported (14–22). In most in-
stances family details were not available or those were
small, comprising one or two affected cases. Given the
relatively recent identification of TMEM127 as a pheo-
chromocytoma susceptibility gene, age-related penetrance
of the mutations, full phenotypic spectrum, and efficacy of
clinical surveillance in this condition have not yet been
investigated. In the present study we began to address this
gap by examining a multigenerational family harboring a
TMEM127 germline mutation.

Patients and Methods

Clinical approach
This study was conducted between July 1993 and December

2012. Signed informed consent was obtained from all studied
individuals. The investigation was approved by the institutional
review boards of the University of São Paulo School of Medicine
and University of Texas Health Science Center at San Antonio.
Diagnosis of PHEO was established following standard proto-
cols, as previously reported (1, 23) and as detailed in Table 1 and
the Supplemental files (Supplemental Table 1, Supplemental
Methods).

Genealogy
To obtain a comprehensive analysis of this large family sev-

eral field trips and visits to different geographic areas of São
Paulo and Paraná States, Brazil, where the patients and their
relatives reside were performed (by R.A.T.). Interview with in-
dividuals and review of personal documents were used to gen-
erate the pedigree drawing (Figure 1). Genetic counseling was
initially offered to all at-risk relatives. After 2010, genetic testing
was offered to family members at risk.

Presurgical and surgical approach
TMEM127 mutation carriers with and without hypertension

were presurgically treated with the �-adrenergic blocker, pra-
zosin (Supplemental Methods). In this family, adrenalectomy
was performed by anterior laparotomy in the first six PHEO
cases whereas the subsequent five patients underwent anterior or
posterior laparoscopy.

In the specific setting of this family, biochemical values were
usually not diagnostic of PHEO because they did not achieve
levels above the 2–4-fold upper limit of normal range. Therefore,
surgery was recommended for mutation carriers who exhibited
adrenal nodules (tumors) at least 10 mm at MRI associated or
not with surrounding gland thickening and typical clinical fea-
tures of PHEO. Two cases that did not meet the criteria above
were analyzed individually, as discussed below. Presently, we
recommend surgery in cases with diagnostic values of plasma
free and/or urinary fractionated metanephrines associated with
adrenal tumor at MRI/CT (24).
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Histopathologic analysis
Surgical specimens from patients were examined and care-

fully reviewed following recent recommendations reported by
Mete et al (23). Accordingly, medullary adrenal nodules less
than 10 mm have been defined as nodular adrenomedullary
hyperplasia and nodules at least 10 mm as PHEO. The dis-
tinction between the two latter entities is arbitrary, as dis-
cussed (23).

TMEM127 sequencing
Mutation analysis of the TMEM127 gene was performed in

79 at-risk individuals by PCR followed by Sanger sequencing of

an amplified product containing exon 4 and adjacent exon-in-
tron boundaries which spans the mutation detected in this
family, c.410-2A�C, r.410_417del, p.Leu138CysfsX12, as
reported in the index case and six of her eight screened siblings
(12). Mutation screening of other PHEO-causing genes had
been previously performed in the affected cases and was neg-
ative (12).

Age-related penetrance and statistics
The age-related penetrance of PHEO was determined by di-

viding the number of affected TMEM127 mutation carriers of a
given age by the total number of TMEM127 mutation-positive

Table 1. Clinical Screening of 34 Members of a Family With TMEM127-Related PHEO Carrying the Germline
Mutation c.410-2A�C, p.Leu138CysfsX12

Screening Phase
Case
No./Sex

Genealogy ID/
Relationship
With Index Case PHEO

Followup,
y

Age at the Latest
Negative Clinical
Investigation for PHEO, y

Pre-genetic
(1993–2009)

1/Fa IV-35 Yes 20 —
2/F IV-30/sister Yes 20 —
3/M IV-27/brother Yes 18 —
4/M IV-29/brother Yes 18 —
5/F IV-26/sister Yes 18 —
6/M IV-34/brother Yes 18 —
7/M IV-36/brother No/yesb 18 —
8/M IV-31/brother No 19 59
9/F IV-32/sister No 18 57
10/M IV-37/brother No 19 47
11/M IV-38/brother No 19 45
12/M V-27/nephew No 11 36
13/M V-33/nephew No 10 32
14/F V-35/nephew No 11 34
15/F V-36/nephew No 11 29
16/M V-46/nephew No 11 29
17/M III-9/uncle No — 65

Post-genetic
(2010–2012)

18/F V-25/nephew No/yesc 11 —
19/F IV-21/cousin Yes 1 —
20/F V-19/cousin Yes — —
21/M V-54/nephew Yes 2 —
22/F IV-24/cousin No 2 51
23/F IV-39/cousin No 1 62
24/F IV-43/cousin No 1 56
25/F IV-46/cousin No 1 51d

26/M IV-47/cousin No 1 49
27/F IV-60/cousin No 1 49d

28/M V-47/nephew No 1 23
29/F V-50/daughter No 1 23
30/M V-51/son No 1 20
31/F V-52/nephew No 1 20
32/M V-53/nephew No 1 16
33/M V-67/cousin No 1 29
34/F V-75/cousin No 1 26

Median (range) 10 (1–20) 36 (16–65)
Mean � SD 8.7 � 8 39.5 � 15.2

a Index case.
b PHEO was excluded on initial screening, but confirmed on subsequent evaluations.
c Clinical screening for PHEO was negative before the TMEM127 genetic analysis.
d TMEM127 carriers apparently without PHEO showing mild diffuse adrenal thickening at MRI. Clinical screening of TMEM127 mutation carriers
included clinical history of PHEO, biochemical measurements of plasma and urinary cathecolamines, and abdominal MRI/CT.
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carriers (the sum of affected and unaffected patients) and mul-
tiplying by 100 (25). SPSS software (v.17.0) was used for statis-
tics (IBM). Fisher exact test was applied where appropriate and
the Mann-Whitney U test was used for age comparisons. P � .05
was considered statistically significant.

Results

Clinical diagnosis, surgery, and followup were performed
in affected individuals (generation IV; Figure 1, Table 1)
between 1993 and 2009. After 2010, once TMEM127
genetic testing became available, genetic diagnosis and pe-
riodic clinical surveillance of at-risk family members were
also adopted (Tables 1 and 2).

Pregenetic phase (1993–2009)

Proband
The proband, a 33-year old female, was diagnosed with

PHEO in other service in 1992. She reported typical symp-
toms of PHEO since 24 years of age, had elevated urinary
vanillylmandelic acid (VMA) and bilateral adrenal masses
detected by CT (case 1, IV-35; Figure 1, Tables 1 and 2).
She underwent bilateral adrenalectomy and histopatho-
logical data confirmedonePHEOin the right adrenalmea-
suring 105 mm at its largest diameter and containing mul-
tiple cystic lesions, and two separate PHEOs, measuring
23 and 4 mm, respectively, in the left adrenal. This patient
was referred to our service in 1993 and has been on gluco-
and mineralocorticoid replacement therapy for more than
20 years without recurrence of the PHEOs or development
of metastasis or paraganglioma (Table 1, Supplemental
Data, Supplemental Table 1).

At-risk family members
Data for at-risk family members are summarized in Ta-

bles 1–3. In brief, the index case had 13 siblings; 12 of them

underwent clinical examination and periodic followup
and one was deceased. Six siblings were diagnosed with
PHEO (cases 2–7, Table 1). All, except one (case IV-26,
Table 2), had typical symptoms and signs of the disease.
Notably, one case (IV-30, Table 2) reported persistent
symptoms of PHEO since age 10 years until adrenalec-
tomy was performed 33 years later. Urinary VMA and
serum and 24-hour urinary epinephrine, norepinephrine,
and total metanephrines were mildly elevated or within
normal range in these individuals (Supplemental Table 1).
Abdominal and pelvic MRI and/or CT of the six affected
siblings revealed unilateral or bilateral adrenal masses
measuring 5–28 mm and pathologic and immunohisto-
chemical findings confirmed PHEO or nodular adreno-
medullary hyperplasia in all of them (cases 2–7, Tables
1 and 2). Overall, 33 at-risk family members were clin-
ically screened for PHEO between 1993 and 2009.
Seven individuals (proband and six of her siblings) were
diagnosed with PHEO, whereas six other siblings and
20 additional at-risk relatives had no clinical evidence
of the disease.

Postgenetic phase, genetic testing, and clinical
surveillance

In 2010, germline TMEM127 mutations were docu-
mented as the genetic cause of familial PHEO and a germ-
line truncating mutation in intron 3, c.410-2A�C,
r.410_417del, p.Leu138CysfsX12 (c.410-2A�C), was
identified in the proband and her six affected siblings (Ta-
ble 2) (12). Overall, the genealogy comprised 151 poten-
tially at-risk individuals. The proband and 91 of her at-
risk relatives were directly tested for the c.410-2A�C
germline TMEM127 mutation and a total of 47 of them
were mutation-positive (Figure 1, Tables 1–3). Genetic
testing established that the mutation originated in the ma-
ternal side of the family (Figure 1). Of the 26 at-risk rel-

Figure 1. Pedigree of a six-generation genealogy carrying a germline TMEM127 mutation (c.410-2A�C, p.Leu138CysfsX12) transmitted in an
autosomal-dominant manner. Only mutation carriers are shown in generatrion V. Symbols are indicated at the bottom of the figure.
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atives previously characterized as clinically negative for
PHEO (normal biochemical and radiological investiga-
tion), 10 were found to be TMEM127 mutation carriers:
four asymptomatic siblings (cases 8–11), five nephews
(cases 12–16), and one uncle (case 17), all shown in Table
1. Nine of these cases remain clinically unaffected as of the
latest evaluation and one individual refused clinical sur-
veillance (Table 1, Supplemental Data). The genetic test-
ing was further expanded to 59 additional at-risk relatives
and 30 (51%) were found to carry the TMEM127 muta-
tion. Consecutive carriers were invited to annual screening
to avoid selection bias that could potentially interfere with

estimates of PHEO penetrance. Seventeen of the 30 car-
riers (57%) agreed to clinical surveillance and PHEO was
diagnosed in four individuals (IV-21, V-19, V-25, and
V-54; Tables 1 and 2), leading to an estimated PHEO
prevalence of 24% (4/17) in this group (Table 3).

Negative genetic testing of two siblings of the proband
(IV-25, IV-33), 14 at-risk family members and their 54
descendants, as well as the descendants of individual IV-
28, who was deceased prior to our initial investigation
(Figure 1), led to their exclusion from the periodic clinical
screening. Overall, 99 noncarrier relatives were excluded
from further surveillance (Table 3).

Table 2. Clinical, Radiologic, and Pathologic Features of 11 TMEM127-Related PHEO Patients Harboring the
Germline Mutation c.410-2A�C, p.Leu138CysfsX12

Screening
Phase ID/Sex

Age at
Diagnosis, y

Age at the
Onset of
Symptoms, y

Paroxystic
Crises/
Hypertension Tumor No.

Adrenal
Gland

MRI

Tumor Size
(in mm)b at
Histopathology

Initial Screen
(Size in mm)a

Followup
(Size in mm),
y After Initial
Screening

Pre-genetic
(1993–2009)

IV-35/F,
index-case

33 24 Yes/yes Bilat/Multi L Nodule (26) — 23
4

R Nodule (108) — 105; solid-cystic
IV-30/F 43 10 Yes/yes Bilatc/Multi L Apparently NL — 2

1
1

R Nodule (25) — 15
15

IV-27/M 52 30 Yes/yes Bilat/Multi L NL NL, 8 y; Nodular
thickening (8),
15 y

—

R Nodule (17) — 25
10

IV-29/M 47 45 Yes/yes Unilat L Nodule (15) — 18
R NL NL, 15 y —

IV-26/F 54 — No/no Unilat L Nodule (28) — 10
R NL NL, 15 y —

IV-34/M 37 37 Yes/yes Bilat L NL NL, 12 y; Nodule
(8), 14 y

—

R Nodule (13) — 7
IV-36/M 47 27 Yes/yes Bilat/Multi L NL Nodule (17), 5 y 7

6
1

R NL Nodule (5), 8 y —

Post-genetic
(2010–2012)

V-25/F 35 — No/no Unilat/Multi L NL Nodule (10), 8 y;
Solid—cystic
lesion (25), 11 y

10
8

R NL NL, 11 y —
IV-21/F 55 55 Yes/no Unilat L NL Diffuse thickening,

1 y
6

R NL NL, 1 y —
V-19/F 33 29 Yes/yes Unilat L NL — —

R Noduled (32) — 40
V-54/M 22 22 Yes/yes Unilat L Mild diffuse

thickening
Mild diffuse

thickening, 2 y
—

R Nodule (10) Nodule (25), 2 y 36

Median 43 29 10
Range 22–55 10–55 1–105
Mean � SD 41.6 � 10.5 31 � 13.2 16.6 � 23

M, male; F, female; L, left; R, right; NL, normal; Bilat, bilateral (considering data from MRI and histopathology); Unilat, unilateral; Multi, multicentric.
a Additional clinical details are shown in Table 1 and Supplemental Table 1.
b Largest diameter.
c Asynchronic bilateral tumors (2nd tumor was documented only by MRI).
d Invading retrocaval space.
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Clinical data
Clinical data were available from 34 TMEM127 muta-

tion carriers (17 males; 17 females). The mean follow up was
8.7�8years (range,2–20y)andPHEOwasdiagnosed in11
cases (11/34; 32.3%). The mean age at the clinical diagnosis
was 41.6 � 10.5 years (range, 22–55 y, median 43 y),
whereas the median age at onset of symptoms was 29 years
(range, 10–55 y; P � .05; Table 1). Two individuals, at ages
35 years (V-25) and 54 years (IV26), were asymptomatic
(2/11; 18%), whereas nine patients (82%) had sustained
and/or paroxystic hypertension associated with other adren-
ergic symptoms. The youngest PHEO case was diagnosed at
22 years of age and the oldest at 55 years.

Overall, 23 positive TMEM127 mutation carriers (39.5 �
15.2 y; range, 16–65) were identified with either no clinical
evidence of PHEO or with insufficient clinical parameters to
firmly establish the diagnosis of PHEO (Table 1). Five of
them (5/23, 22%; mean age, 48 � 19 y; range, 16–65 y)
reported adrenergic-like symptoms, and two had persistent
hypertension with normal biochemical measurements. Eigh-
teen mutation carriers were asymptomatic and biochemical
measurements were not at diagnostic levels. One symptom-
atic (IV-46) and one asymptomatic case (IV-60) presented
diffuse adrenal thickening at MRI and these individuals ini-
tiated annual followup (Table 1).

Age-related penetrance
Age-related penetrance of TMEM127-related PHEO

was estimated in the 34 mutation-positive carriers for
which clinical data were available. Between the ages of
0–20, 21–30, 31–40, 41–50, and 51–65 years, the cumu-
lative penetrance of PHEO was 0%, 3%, 15%, 24%, and
32%, respectively (Figure 2). Of the 10 mutation carriers
younger than 30 years at evaluation only one had PHEO
(10%), whereas 10 of the 24 carriers examined after age
30 years were diagnosed with PHEO (41.7%).

Biochemical measurements
Plasma norepinephrine and/or epinephrine were mildly

elevated in five cases (IV-27, IV-34, IV-36, V-25, and V-54).

Urinary epinephrines were elevated in two patients (IV-27
and V-54), and VMA in two (IV-27 and IV-35), whereas
urinary norepinephrines and total metanephrines were
within the normal range in all 11 patients with PHEO. Over-
all, biochemical levels were diagnostic (�2-fold the upper
limit) only in the index-case (Supplemental Table 1).

Imaging studies
MRI was performed in 11 patients and high or heter-

ogeneous signal intensity on T2-weighted images was fre-
quently observed. At the initial evaluation of these 22 ad-

Figure 2. Cumulative age-related penetrance of PHEO in 34 members
from a large family carrying a germline TMEM127 gene mutation
c.410-2A�C, p.Leu138CysfsX12. *, age at diagnosis of PHEO in 11
TMEM127 mutation carriers and the age at the latest negative clinical
investigation for PHEO in 23 additional TMEM127 mutation carriers.

Table 3. Effect of Clinical Screening for PHEO Performed Prior to 2009 (pre-genetic phase) and of Clinical and
Genetic Screening Provided after Identification of Germline TMEM127 Mutation (post-genetic phase)

Positive TMEM127 Carriers Negative TMEM127 Carriers

Phase

At-Risk
Patients
Screened,
n PHEO

No
PHEO

Penetrance,
% Phase

At-Risk
Patients
With Negative
Screening, n

At-Risk
Patients
Excluded of
Screening, n

Descendants
of Negative
Carriers, n

Negative
Carriers,
n

Pre-genetic 17 7 10 41 Pre-genetic 16 N/A N/A 16
Post-genetic 17 4 13 24 Post-genetic N/A 29 54 83
Total 34a 11 23 32 Total 16 29 54 99

N/A, not applicable.
a Clinical screening for PHEO was not available for an additional 13 positive TMEM127 carriers and five obligate carriers.
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renals, nine had nodules (tumors) measuring 10–108 mm
associated or not with surrounding adrenal thickening;
one displayed diffuse adrenal thickening, whereas the re-
maining 12 glands had a normal appearance (Table 2,
Supplemental Data). Eight of the nine adrenals were sur-
gically removed (see below), whereas one patient with ad-
renal nodule initially refused surgery (V-54). In this indi-
vidual, at 2-year followup the 10-mm nodule doubled in
length and was surgically removed, whereas the contralat-
eral diffuse adrenal thickening remained stable. In addi-
tion, between 1 and 15 years of followup, new nodules,
with or without surrounding adrenal thickening, were de-
tected in five previously normal adrenals (median tumor
size, 12.5 mm; range, 5–25 mm; Table 2), diffuse thick-
ening was noted in one additional adrenal, and four other
adrenals remained normal (Table 2 and Supplemental
Data).

Surgery and histopathology
Adrenalectomy was performed in nine patients with

unilateral or bilateral nodules at least 10 mm in diameter,
associated or not with surrounding adrenal thickening at
MRI. In seven patients, adrenergic symptoms resolved
completely after surgery, whereas two patients, with tu-
mors measuring 25 and 28 mm, were asymptomatic prior
to surgery (Table 2). Exceptionally, two middle-aged mu-
tation carriers (IV-21 and IV-30) who exhibited adrenal
thickening at MRI and severe, episodic crisis of headache,
sweating, and tachycardia had partial or complete remis-
sion of the PHEO-related symptoms after alpha blocker
administration. One of these individuals (IV-30) had had
a previous contralateral adrenalectomy with confirmed
histological diagnosis of PHEO. Despite the weak radio-
logical evidence, but in view of their clinical features and
high degree of anxiety over the potential risk of cardio-
vascular complications, the option for surgery was made
based on shared decision making (26). Multiple adreno-
medullary nodules less than 10 mm were identified in the
two adrenal specimens, and both individuals became
asymptomatic after adrenalectomy (Table 2, Figure 3,
Supplemental Data).

In all, 13 adrenalectomies were performed in 11 pa-
tients with no perioperative complications. At histopa-
thology, 11 PHEOs (nodules � 10 mm) and 10 nodules
less than 10 mm (nodular adrenomedullary hyperplasia)
were identified. Thus, considering imaging and pathological
data (Table2),unilateraldiseasewaspresent ineightpatients
(8/11,73%),bilateralPHEOwasdetected in five cases, three
initially and two others on followup (5/11, 45%), and mul-
ticentric tumors were found in five individuals (5/11, 45%).
Tumor dimensions ranged from 1–105 mm in their greatest
diameter (mean, 16.6 � 23 mm).

No paragangliomas, recurrent PHEOs, or distant
metastases were detected in any affected patient in 1–20
years (mean, 8.7 � 8 y) of followup. Furthermore, no
additional clinical manifestation was detected in the
mutation carriers.

Discussion

Familial PHEOs are inherited as autosomal dominant
traits and disease penetrance varies depending on the spe-
cific syndrome (9, 27–29). Reported penetrance can also
vary due to ascertainment bias; however, it is known to be
highest among familial paraganglioma type 1 (PGL1-
SDHD-related mutations, 90%), multiple endocrine neo-
plasia (MEN) type 2B, (50%), familial paraganglioma
type 4 (PGL4, SDHB-related mutations, 35–40%),
MEN2A (30–50%), and von Hippel-Lindau (�20%) (28,
30–32). In the other inherited PHEOs penetrance remains
poorly defined, in part due to a requirement of large num-
bers of mutation carriers in families for an accurate esti-
mation. In the present study, we were able to fulfill this
requirement in a multigeneration TMEM127-related
PHEO family.

Seven TMEM127-mutation carriers and two mutation-
negative relatives from the present family were reported
previously (12, 14). In the present investigation, we ex-
panded the clinical and genetic analysis to 151 family
members to estimate the age-related penetrance of
TMEM127-related PHEO and refine the phenotype of
this condition. Herein, it was documented that the pen-
etrance of TMEM127-related PHEO substantially in-
creased after age 30 years and achieved 33% at 65 years

Figure 3. Histopathological images of five TMEM127-related PHEOs.
A–G, Hematoxylin and eosin analysis (100�); H, I, immunohistochemistry
staining. A, PHEO from patient IV-36; B, PHEO from patient IV-27; C,
D, Area of PHEOs A and B, respectively, abutting adrenocortical layer.
E–G, Tumors from patient IV-30 with bilateral and multicentric PHEO: E,
one of the two tumors of the right adrenal gland measuring 15 mm; F,
adrenomedullary nodule in the left adrenal gland measuring 1 mm; and
G, adrenomedullary nodule in the left adrenal gland measuring 2 mm. H,
Chromogranin A immunostaining in PHEO (right) from patient V-25. I,
Synaptophysin immunostaining of tumor from patient V-19 (200�).
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of age, placing this condition among high- penetrance
PHEO susceptibility syndromes. Because many mutation
carriers were still young at the latest negative clinical in-
vestigation for PHEO, the actual penetrance may be even
higher (Table 1). Penetrance rates have a decisive role in
the recommendation for periodic clinical and genetic
screening in tumor-predisposition syndromes (9, 33,
34). Thus, the PHEO penetrance observed in the present
family, in conjunction with the high morbidity and mor-
tality rates related to undiagnosed PHEO justify genetic
screening of at-risk TMEM127-related PHEO family
members similarly to what has been recommended for
other inherited PHEO disorders (9, 24). TMEM127 mu-
tation analysis allows identification of positive carriers
and can reduce morbidity and mortality through early
intervention.

Our data provide the basis for timing of diagnosis and
thus enable personalized treatment decisions. The ideal
time of initiation of periodic clinical surveillance in mu-
tation carriers with high susceptibility to PHEO has been
recommended to coincide with the age of the youngest
well-documented reported case (9, 35). Lefebvre et al (17)
refer to a patient carrying a c.-2 G�T splicing TMEM127
mutation diagnosed at age of 16 years; however, specific
details are lacking on this case (Supplemental Table 2). In
the present series, the youngest case with PHEO was clin-
ically diagnosed at age 22 years. Another mutation carrier
in the family reported symptoms and signs of PHEO since
10 years of age; however, although these features may be
sensitive, they are not specific to the diagnosis of PHEO.
Therefore, in view of our own data, current literature
guidelines (24), and based on a conservative scenario, we
suggest that TMEM127 genetic testing should be offered
to at-risk individuals starting at 22 years of age. Addi-
tional studies are needed to determine whether the present
penetrance estimate can be extrapolated to other
TMEM127-mutation positive families.

This study also reports new clinical features not previ-
ously described in the TMEM127-related PHEO pheno-
type. First, the mean age of symptoms and signs of PHEO
preceding by more than a decade the age at diagnosis had
not been highlighted before, although detailed review of
reported cases suggest a similar pattern (19, 21, 22). Ac-
cordingly, a thorough clinical and family history, as well
as biochemical and imaging screening for PHEO is rec-
ommended with the goal of achieving early diagnosis in
positive TMEM127-mutation carriers. It is predicted that
a trend toward earlier diagnosis of PHEO in affected fam-
ilies will occur as TMEM127 genetic testing for probands
and at-risk relatives becomes more widely available. Sec-
ond, the presence of multicentric tumors adds information
to tumor characteristics in this disease and resembles fea-

tures of PHEOs associated with MAX mutations (36).
This finding, in conjunction with the potential occurrence
of bilateral tumors in TMEM127-related PHEO (approx-
imately 25% of reported cases, Table 2, Supplemental Ta-
ble 2), suggests that periodic surveillance of the contralat-
eral adrenal gland or of the removed adrenal (in cases of
cortical-sparing procedures) is recommended. Third, the
18 tumors identified by screening in our cohort were sig-
nificantly smaller (mean, 12 � 11 mm; range, 1–40 mm)
than in our proband and other index cases reported (55.2
� 24; range, 29–120 mm; P � .001) (18, 19, 21, 37).
Interestingly, in a symptomatic case presenting with uni-
lateral diffuse adrenal thickening but no distinguishable
nodule at MRI (IV/21), a 6-mm adrenomedullary nodule
was identified by histopathology. Additional studies are
required to determine whether this MRI description of the
adrenal gland in hereditary cases might correspond to sub-
centimetricPHEOs.However, thevalueof this association
may apply primarily to cases in which diffuse adrenal
thickening was preceded by normal adrenal imaging in
serial screening, as in case IV/21. The clinical findings cur-
rently reported also confirm previous TMEM127-related
PHEO characteristics, such as adrenal location, predom-
inantly benign features, asynchrony, and later age at di-
agnosis when compared with other familial PHEOs (14–
16, 19, 21). The absence of paragangliomas is in line with
most reports of the phenotype of TMEM127 mutation
carriers.

As in other PHEO-related inherited diseases, TMEM127
mutation-positive carriers can benefit from annual clinical
surveillance including clinical and family history of PHEO
associated with measurements of plasma free and frac-
tionated urinary metanephrines, which are recognized as
the most accurate screening test (24, 35, 38). Plasma free
and 24-hour urinary fractionated metanephrines and
normetanephrines were not available in our cohort. In
reported TMEM127-related PHEOs in which fraction-
ated catecholamine information is available, epinephrine
was predominant (Supplemental Table 2), although tu-
mors secreting preferentially norepinephrine were also
noted (Supplemental Tables 1 and 2), and recently a do-
pamine-secreting tumor was described (18). A negative
biochemical test usually excludes the diagnosis of PHEO.
A limitation of our study was the low sensitivity and spec-
ificity of biochemical methods and this may have influ-
enced the results. Importantly, screened patients in the
setting of hereditary predisposition to PHEO may present
with small tumors and less compelling biochemical evi-
dence for catecholamine hypersecretion, similar to that
seen in the present series (39). In these cases, it has been
proposed that a larger emphasis on imaging studies as a
component of the periodic surveillance may be justified
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(40, 41). However, risk-benefit ratios, including costs, of
periodic (every 1–3 y) MRI in young mutation carriers
should be carefully considered. In our specific setting, ab-
dominal/pelvic MRI and the presence of symptoms/signs
of PHEO were the most informative methods for detecting
adrenal abnormalities, whereas serum and urinary cat-
echolamines were often not helpful. Whether this is a
unique feature of this family (allele) is currently unknown
and prospective evaluation of the mutation carriers in this
family with gold standard biochemical measurements, as
well as TMEM127-mutation carriers from other families
will be necessary to firmly establish whether a flat bio-
chemical pattern of early-screened PHEOs is generalizable
in TMEM127-associated disease. Current reports on
other TMEM127-mutation-positive cases only describe
the clinical presentation of probands (Supplemental Ta-
ble 2), which does not differ substantially from the in-
dex case of our present family. 131I-MIBG scan was able
to localize only 50% of adrenal tumors in the present
series and 123I-MIBG, which provides higher accuracy
(42), was not available for comparison. Of note, no
adrenal incidentaloma or phenocopy were identified in
this family.

The optimal surgical approach for patients with famil-
ial PHEO is laparoscopy and cortical adrenal sparing pro-
cedure to preserve adrenocortical function, especially in
bilateral PHEOs (43, 44). Because this surgical approach
is preferentially recommended for adrenal tumors mea-
suring up to 60–80 mm, it can be applied to most
TMEM127-related PHEO cases. The recently reported
Endocrine Society Clinical Practice Guidelines for Pheos
and Paragangliomas do not specifically address the effect
of tumor size in the diagnosis and management of PHEOs
(24). Adrenalectomy has been performed in patients har-
boring adrenomedullary nodules less than 10 mm, one of
them as small as 1 mm (45), although a 10-mm cutoff has
been often used (10). In cases with familial PHEO the
decision to remove small tumors is advised to be made on
a case-by-case basis (10, 24, 40), with some authors ad-
vocating a more aggressive approach due to potential car-
diovascular (45) or neoplastic (46) risks. Noteworthy, ad-
renomedullary nodules less than 10 mm in MEN2A
represent true clonal proliferations and are indeed neo-
plastic lesions despite their diminutive size (23). Overall,
in this study surgery was recommended to TMEM127 car-
riers presenting adrenals nodules greater than 10 mm at
MRI, typical signs/symptoms of PHEO, and remission of
symptoms after alpha blocker therapy.

Rare germline TMEM127 mutations have recently
been found in patients with renal cell carcinoma (47).
However, no evidence of renal cancers, other tumors, or
any other recurrent clinical manifestations were noted in

affected individuals of the present family, suggesting that
the clinical spectrum of TMEM127-related disease here
seems to be restricted to pheochromocytomas (Supple-
mental Table 2). Additional studies on extended
TMEM127-positive families are needed to more precisely
define the extent of the phenotype.

In conclusion, we report high penetrance of PHEO in
the present TMEM127-mutation-carrier family. Novel
clinical findings in TMEM127-related PHEO include the
detection of multicentric tumors and the beginning of
symptoms as early as 10 years before diagnosis. We sug-
gest genetic testing at the age of 22 years (the earliest doc-
umented diagnostic of PHEO in this family) in at-risk in-
dividuals and annual clinical surveillance of mutation
carriers, or earlier in symptomatic individuals. The present
study demonstrates the benefit of genetic testing for clin-
ical management and treatment of probands and mutation
carriers in TMEM127-related PHEO, thus fulfilling cur-
rent guidelines for genetic screening in tumor susceptibil-
ity syndromes (33).
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