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Abstract

Multiple endocrine neoplasia type 1 (MEN1) is an autosomal dominant disorder caused by MEN! gene mutations, typi-
cally involving primary hyperparathyroidism (PHPT), pancreatic neuroendocrine tumors (PanNETSs), and/or pituitary neu-
roendocrine tumors (PitNETs). However, 10-30% of patients with MEN1-like features lack identifiable MENI mutations
and are classified as phenocopies. This retrospective multicenter study, conducted across 10 Italian referral centers, aimed
to characterize the main clinical features of phenocopies. Among 240 patients evaluated for suspected MEN1 over five
years, 175 (mean age 43.2+19.7; 101 females) had genetically confirmed MENI, while 65 (27%; mean age 59.9+11.6;
44 females) were identified as phenocopies. Of these, 46 (70.7%) were also negative for CDKNIB mutations, confirming
the rarity of MEN4. Phenocopies were diagnosed one to two decades later than MEN1 patients (p<0.0001). PHPT was
the most frequent manifestation in both groups (80% of phenocopies vs. 81% of MEN1), but tumor associations dif-
fered significantly between groups (p<0.001): 41% of MENI patients showed the classic triad, compared to only 1% of
phenocopies; PHPT with NETs was more common in MEN1 (32%), whereas PHPT with PitNETs occurred more often
in phenocopies (54%), reflecting patterns of sporadic tumors. Notably, 11% of phenocopies had a first-degree relative
with MEN1-related diseases, and 51% had a personal or family history of cancer. In conclusion, MEN1 phenocopies are
relatively common and represent a clinical challenge. Given their distinct features and familial backgrounds, an extended
genetic panel should be offered to these patients together with periodical screening of MEN1-related disease.

Keywords Multiple endocrine neoplasia type 1 (MENT1) - Phenocopy - Primary hyperparathyroidism - Pituitary
adenomas - Neuroendocrine tumors - Genetic analysis

Introduction over 90% of individuals carrying a MENI mutation will
present clinical manifestations [1]. Clinically, the syndrome
is characterized by the combined occurrence of 2 or more

of the following classical endocrine tumors: (a) parathyroid

Multiple endocrine neoplasia type 1 (MEN1) is an autoso-
mal dominant hereditary disorder with an estimated preva-

lence of 1:30,000 individuals [1]. It represents the most
common MEN syndrome [2]. MENT1 is caused by germline
loss-of-function mutations in the tumor-suppressor gene
MENI, localized on chromosome 11q13, which encodes
the menin protein, involved in cell cycle regulation. Muta-
tions could occur in any site of the nine coding exons, and
nowadays more than 1,800 MENI gene pathogenetic vari-
ants have been reported [3]. Penetrance of MENT1 is high:
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hyperplasia/adenomatosis with primary hyperparathyroid-
ism (PHPT, >95%), (b) pancreatic neuroendocrine tumors
(PanNET, about 80%), and (c) pituitary NET (PitNET,
about 30—50%), but varying combinations of more than 20
endocrine and non-endocrine tumors have been reported [1,
4]. Moreover, the syndrome is characterized by a high inter-
and intra-familial variability in clinical presentation, with
no established correlation genotype-phenotype, and the
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involvement of different glands may be asynchronous [1].
As a consequence, a delay in identifying both the index case
and affected family members can occur. A recent review
of the Italian MEN1 registry revealed that the average age
of the first MEN1 manifestation was 41.6 years, while the
average age of MEN1 diagnosis was 55.1 years, with a lag
time between first manifestation and diagnosis of MEN1 of
more than 10 years [5]. The main challenges that can make
difficult a timely diagnosis and treatment of MENI, with
potential harm to the patient, are the lack of a genotype-
phenotype correlation, and the existence of phenocopies.

Phenocopy is defined as a condition in which clinical phe-
notype resembles a genetic disorder in an individual who is
not a carrier of that specific genotype. Noteworthy, 10 to 30%
of patients with MEN1-like phenotypes (clinical MEN1)
do not have MENI pathogenic mutations or deletions [4].
The use of second-level highly sensitive genetic tests like
multiplex ligation-dependent probe amplification (MLPA)
and the next generation sequencing (NGS) expanded panel,
reduce the genetic negativity to a 10% of clinical MEN1
[1]. Mutations in the tumor-suppressor gene CDKN1B gene,
encoding the cell cycle inhibitor p27, are responsible for the
recently described MEN4 syndrome, that clinically overlaps
MENI1 but differs from it for milder clinical features and an
older patient’s age at onset, but it can explain just 1-3.5%
of MENI1 genetic-negative patients. A proportion of MEN1
phenocopies could be explained by mutations of other genes
predisposing to neuroendocrine tumors, or by deletions, or
mutations in the regulatory regions of MENI gene [4, 6-9].
Moreover, aberrant epigenetic regulation of MEN1 gene
may be another potential etiology underlying mutation-
negative MEN1 patients [1]. Last but not least, a reasonable
explanation for at least part of MEN1 phenocopies could be
simply found in the sporadic co-occurrence of two MEN1-
related major manifestations, quite frequent in the general
populations, namely PHPT and PitNET [10]. In fact, PHPT
prevalence is relatively high accounting for 0.2% and 1.3%
of the population, with an incidence rate ranging from 16
per 100,000 to 120 per 100,000 person-years globally [11].
The occurrence of PitNET has also increased over the recent
years with an estimated prevalence of 76 to 116 cases per
100,000 individuals, and incidence of 3.9 and 7.4 cases per
100,000 per year in the general population [12].

Besides some of the aforementioned hypotheses, so far
the evidence in the literature regarding the development
of MEN1 phenocopies is still limited, and there is increas-
ing debate about whether these patients and their relatives
should undergo screening and the best methods for their
monitoring.

The acknowledgment of phenocopies’ risks for develop-
ing MEN1-related tumors, as well as their possible relapse
or metastatic spread, together with the unknown necessity
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to conduct a familial screening, often leads to an excess of
morphological exams for patients, that influence their qual-
ity of life and expose them to radiological risks [13, 14].
The aim of our retrospective multicenter study is to analyse
in depth the clinical presentation of MEN1 phenocopies in
order to highlight their peculiarities and differences with
respect to the genetic syndrome.

Materials and methods

This is an observational, retrospective, multicenter study
including adult patients clinically affected with MENT1 syn-
drome with negative mutational status of MENI gene, i.e.
MENI phenocopies, who referred to 10 Italian NET-referral
centers during the last five years. The study was conducted
in the setting of Neuroendocrine Tumors Innovation in
Knowledge and Education (NIKE) project. The inclusion
criteria were: (1) MENI1-like phenotype characterized by
at least 2 typical MEN1 manifestations including primary
hyperparathyroidism (PHPT), pancreatic neuroendocrine
tumor (PanNET) or pituitary adenoma (PitNET) or (2) at
least one typical MEN1 manifestation diagnosed below the
age of 40 years old and/or multifocal/multiglandular disease
or one classical MEN1-related disease plus at least one non
classical MENI1-related disease and (3) negative genetic
testing for MENI mutation, by next generation sequencing
(NGS) and multiplex ligation-dependent probe amplifica-
tion (MLPA) [4]. We included also patients with NET other
than PanNET when associated with a typical MEN1 mani-
festation, including PHPT and/or PitNET.

Participants’ data was collected and managed anony-
mously by all centers using a shared database, composed
of several sections. The first one was dedicated to general
demographic (age and gender) and anthropometric (weight,
height and BMI) information. The second section comprised
family cancer history and data from genetic screening, in
particular genetic testing for MENI and CKDNIB genes.
Subsequently, a section including clinical and biochemical
evaluation at diagnosis and during follow-up, therapies and
pathological features when available, was designed for each
of the most common manifestations of MEN1 (i.e. PHPT,
NET and PitNET), to obtain data concerning functional
status, clinical manifestations and outcomes. NET tumor
staging was defined according to AJCC/TNM 8th ed., and
grading was assessed in relation to ki67 and mitotic count
according to the 2022 NENs WHO classification [15, 16].
Comorbidities were recorded. In addition, each participat-
ing center was asked to report the demographic data of
patients with a genetic diagnosis of MEN1 who accessed
the center for the first time within the same time frame (past
five years). Such information was included in a dedicated
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section of the database. The study was performed in accor-
dance with the ethical standards of the Declaration of Hel-
sinki. Before the enrollment in the study, informed consent
was obtained by participants for collecting and using their
data anonymously.

Statistical analysis

Descriptive statistics were used to describe patients’ demo-
graphic and anthropometric characteristics, comorbidities
and familial oncological history, as well as the biochemical,
clinico-pathological features and therapies of MENI typi-
cal manifestations. Continuous variables were presented as
median with interquartile range when non-normally distrib-
uted and as mean+standard deviation (SD) when normally
distributed. Categorical data were reported as absolute num-
bers and/or percentages. Moreover, differences between
phenocopies and genetic MEN1 patients were evaluated
by the t-test or the Mann-Whitney U test respectively for
normally and non-normally distributed continuous variables
and the chi - square test or Fisher’s exact test for categorical
variables. An a-error of 0.05 was established.

Results

Sixty-five patients (44 females, 68%; 21 males, 32%;
¥2=8.14, p=0.0043) met the inclusion criteria for the study
(Table 1). They were aged 1881 years, with a median of 63
years and a mean of 59.9 +11.6 years. Fifty-nine/65 (90.7%)
were included because of two MEN1 manifestations, one
patient for young diagnosis of PHPT, one for multi-gland
PHPT disease, one for multifocal PanNET, three for one
classical MEN1-related disease plus at least 1 non classical
MEN/1-related disease. The median age at the first disease
manifestation was 54 years (aged 18—79 years, mean value
53.9 years).

The most frequent MEN1-related disease was PHPT
(52/65, 80%), followed by PitNET (45/65, 69%) and NET
(28/65, 43.1%). The most common association of MEN1-
related disorders was the combination PHPT with PitNET
(35/65; 53.8%), followed by association between PHPT
and NET (15/65; 23.1%), and PitNET with NET (8/65;
12.3%). Only one patient had all three classical diseases
(1.5%) (Fig. 1). Interestingly, the first diagnosed disease
was PitNET in 29 patients (44.6%) followed by PHPT in
26 patients (40%) and NET (10/65, 15.4%). Moreover, 19
patients developed one or more non classical MEN1 tumors,
such as adrenal adenoma (13/65, 20%), meningiomas (7/65,
10.7%), and seminoma (1/65, 1.5%).

Table 1 Main demographic, anthropometric and clinical features characteristics of our phenocopies

Typical manifestations MENI1 negative phenocopies

Both MEN1 and CKDN1B negative phenocopies

(n=65) (n=43)
PTHP PitNET NET PTHP PitNET NET
Number of patients/total number of 52/65 (80%) 45/65 (69%) 28/65 (43.1%) 35/43 (81%) 29/43 (67%) 21/43 (48.9%)
phenocopies
Median age at diagnosis 59.9 52.2 56 60.45 51.51 62
(years old) (range 18-79) (range (range 18-79)  (range 18-79) (range (range 30-79)
18-77) 28-77)
F: M (%) 38:14 (73%:27%) 33:12 17:11 29:6 (83%:17%) 23:6 12:9
(73%:27%)  (60.7%:39.3%) (79%:21%)  (57.1%:42.9%)
Median BMI (kg/m?) 26.64 26.17 27.16 26.27 26.73 27.2
(range 20-45.2.2) (range 20.8— (range 20.00—  (range (range 20.8— (20-32.81.81)
45.2.8.2) 34.73.00.73) 20-45.2.2) 45.2.8.2)
BMI Normal 27/52 (52%) 23/45 (51%) 10/28 (37.7%)  19/35 (54%) 16/29 (55%) 7/21 (33.3%)
Patients number  (18.5-24.9 kg/m?)
(%) Overweight 18/52 (35%) 15/45 (27%) 8/28 (28.6%)  9/35 (26%) 9/29 31%)  6/21 (28.6%)
(25-29.9 kg/m?)
Obese 7/52 (13%) 7/45 (15%)  6/28 (21.4%)  7/35 (20%) 7/29 24%)  5/21 (23.8%)
(>30 kg/m?)
Smoking habit  Non-smokers 43/52 (83%) 36/45 (80%) 15 (53.6%) 30/35 (86%) 22/29 (76%) 9/21 (42.9%)
Patients number  Ex-smokers 4/52 (7.7%) 4/45 (8.8%) 4 (14.3%) 1/35 (2.8%) 2/29 (6.9%)  3/21 (14.3%)
(o) Smokers 5/52 (9.6%) 5/45 (11%) 3 (10.7%) 4/35 (11%) 5129 (17%)  3/21 (14.3%)
Comorbidites DM 15/52 (29%) 14/45 (31%) 7 (25%) 10/35 (28.6%)  9/29 31%)  7/21 (33.3%)
?;t)ients number  CV disease 21/52 (40%) 18/45 (40%) 16 (57.1%) 14/35 (40%) 12/29 (41%) 13 (61.9%)
o

Abbrevations: PTHP: primary hyperparathyroidism; PitNET: pituitary neuroendocrine tumor; NET: neuroendocrine tumor; F: female; M:

male; BMI: body mass index; DM: diabetes mellitus; CV: cardiovascular
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Fig. 1 MENI-associated disease

in population negative for MEN-1
genetic test (gray) and in popula-
tion positive for MEN-1 genetic
test (black). PTHP: primary
hyperparathyroidism; PitNET:
pituitary neuroendocrine tumor,
NET: neuroendocrine tumor. The
number below each circle is related
to affected patients

n=52

53.8%

PitNET
n= 45

12.3%

None of these patients had a family history of MEN1 (i.e.
family members with a genetic diagnosis of MEN1). How-
ever, when considering conditions that may be associated
with the MEN1 phenotype in a first-degree relative, 7/65
patients (10.7%) had positive findings: 3 patients had a first-
degree relative with pitNET (1 father, 1 sister, and 1 a son),
3 patients had a first-degree relative (2 father, and 1 sister)
diagnosed with NET, and 1 patient had a sister with PHPT.
Overall, 33/65 (50.8%) had a personal and/or family his-
tory of cancer (breast, lung, kidney, not-NET pancreatic or
gastro-enteric tumors, skin and thyroid cancers).

Over the same five-year period, 175 patients were diag-
nosed with genetically confirmed MENI1 at the Italian par-
ticipant centers (101 females, 57.71%; 74 males, 42.29%;
¥2=4.16, p=0.041). Overall, among the 240 patients
assessed for possible MEN1 syndrome, 27% were ulti-
mately classified as phenocopies. The prevalence of pheno-
copies varied substantially across centers, ranging from 7%
to 50%.

Regarding genetic MEN1 patients in comparison with
phenocopies, mean age at diagnosis was significantly differ-
ent (43.18+£19.66 years; p<0.0001), while sex distribution
was not (p=0.16; y2=1.97), but females were over-repre-
sented in both groups. To date, 26 patients (14.9%) have
no clinical manifestations of the syndrome and were identi-
fied through genetic screening as relatives of the affected
patients. Among symptomatic patients, the most common
association of MEN1-related disorders was the combination
of PHPT with both PitNET and NET (61/149, 40.9%), fol-
lowed by the association between PHPT and NET (47/149,
31.5%), PHPT with PitNET (21/149, 14.1%) and PitNET
with NET (2/149, 1.3%). Moreover, 13/149 (8.7%) had only
PHPT, 2/149 (1.3%) had multiple NETs, 5/149 only NET
(3.3%). Disease associations significantly differered from
phenocopies (p<0.001; Fig. 1). The proportion of patients
presenting with the full triad of MEN1-associated tumors
(primary PHPT, NETs, and PitNETs) was 40.9% among
genetically confirmed MEN1 cases, compared to only 1.5%
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PHPT

23.1%

n=28

NET

among phenocopies. Among patients exhibiting two of the
three major MEN1-associated tumors, the combination of
PHPT and NETs was significantly more common in geneti-
cally confirmed MENI patients (31.5% vs. 23.1%), whereas
the combination of PHPT and PitNET was more frequently
observed in phenocopies (14.1% vs. 53.8%). This distribu-
tion reflects the differing prevalence of sporadic forms of
these tumors in the general population.

Among these 65 patients, 43 underwent genetic screen-
ing for MEN4 (CDKNIB) and tested negative, confirm-
ing that MEN4 might account only for a very small rate
of MENI1 phenocopies. The main features of these MENI
negative/ CDKNI B negative subgroup is reported in Table 1,
and did not differ from those of all the MENI negative
patients. Further genetic tests were performed in a minority
of patients (n=15/65). Four patients with both PHPT and
PitNET tested negative for AIP (aryl hydrocarbon receptor
interacting protein) mutations, and 11 patients with PHPT
and PitNET or GEP-NET (gastroenteropancreatic NET)
tested negative for CDC73 (parafibromin gene) mutations.

In the following sections, we describe the clinical fea-
tures of the MENI-related diseases, mainly focusing on
patients who were negative to both MENI and CKDNIB
tests. When comparing these MEN-1/CKDNIB negative
patients with the whole group of MENI-negative patients,
no significant differences emerged in the main clinical fea-
tures of the related disorders.

Primary hyperparathyroidism

The main clinical and biochemical features of PHPT in our
series of phenocopies are reported in Table 2. Among the
43 menin/CDKN1B negative patients, 35 patients received a
diagnosis of PHPT (81.4%; 29 F and 6 M). Medium age at
diagnosis was 60.4 years (range 18—79 years), comparable
to medium age at diagnosis in the general population and
with two decades of delay in comparison to MEN1 patients
[17]. All patients had sufficient vitamin D levels (>30 ng/
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Table 2 Biochemical and clinical characteristics of PTHP

PTHP n. of patients with MENI Both MENI and
PHPT/total number of negative patients CKDNIB nega-
phenocopies (n=52/65) tive patients
(n=35/43)
Sex F=38;,M=14 F=29;M=6
Medium PTH level at 154 pg/mL 155 pg/
diagnosis (range 73—-669) mL (range
(normal values: 15-65 pg/mL) 73-490,7)

Serum calcium Normal 13/52 (25%) 4/35 (11%)
levels (mg/dL) Mildly 20/52 (38%) 17/35 (48,6%)

elevated

Elevated  19/52 (36%) 14/35 (40%)
Medium urinary calcium 254 (range 278.59 (range
(mg/24 h) 100-510) 100-510)
Clinical Osteopo-  25/52 (48%) 15/35 (42.9%)
manifestations rosis (19:6) (13:2)

F:M

ratio)

Vertebral 4/52 (7.7%) 3/35 (8.6%)

fractures (4:0) (3:0)

(F:M

ratio)

Nephroli- 21/52 (40%) 12/35 (34%)

thiasis (F:  (15:6) (9:3)

M ratio)

Abbrevations: PTHP: primary hyperparathyroidism; F: female; M:
male; n.:number

* Normal values: 8.5-10.5 mg/dl; mild elevate hypercalcemia<12 mg/
dl; elevated: > 12 mg/dl

mL) at biochemical evaluation, and most of them had just
mild hypercalcemia with calcium corrected for albumin
below 12 mg/dL (17/35, 48.6%) (Table 2). Noteworthy,
multi-gland disease was reported only in one patient.

The main clinical manifestations of the disease were
osteoporosis (15/35, 42.9% of patients) and nephrolithia-
sis (12/35, 34%). Anyway, no patient had severe osteopo-
rosis (T-score on lumbar column or on femur’s neck <- 4
at MOC-DEXA analysis), and a few patients experienced

bone fractures. No one suffered from nephrocalcinosis and
just 2 patients had chronic kidney disease stage 2 following
KDIGO definition, while the others were stage 1 [18].

PitNET

In Table 3 there are summarized the main clinical and bio-
chemical features of PitNET in MENI negative/CDKNIB
negative subjects, in comparison with all the MENI nega-
tive patients. Twenty-nine out of 43 patients who tested
negative for MENI/CDKNIB, received a diagnosis of Pit-
NET (67%, 23 females and 6 males). Medium age at diag-
nosis was 51.5 years (range 1877 years), about one decade
before PHPT. In fact, PitNET was often the first MEN1-
related manifestation in our cohort (20/45, 44%). Nineteen
PitNETs were functioning (65,5%; F: M=16:3): 9 growth
hormone (GH)-secreting (47%; F: M=9:0), 8 prolactin
(PRL)-secreting (42%; F: M=6:2), 2 adrenocorticotropic
hormone (ACTH)-secreting PitNETs (10,5%; F: M=1:1).
One-third of patients (2 PRLomas, 4 GHomas and the 2
ACTHomas) received surgery, while 2/3 received fist-line
medical therapies, accordingly to current guidelines. More
in detail, among PRL-secreting, 2 patients received surgery
(25%) and one needed to be also treated with gamma-knife
radiotherapy, the other one needed medical treatment with
cabergoline for relapse; the other 6 patients showed good
clinical response to cabergoline used as first-line treatment.
Among GH-secreting, 4 were treated with surgery (44.4%),
but 3 needed first generation somatostatin analogue (SSA)
for PitNET relapse (75% of surgical treated) and 2 also the
administration of pegvisomant; the other 5 were treated
with SSA as first-line therapy and one patient needed to
undergo pasireotide because of resistance to first generation
SSA (20%). All ACTH-secreting PitNETs received surgery,
but one needed osilodrostat to control Cushing-syndrome’s
relapse.

Table 3 Clinical characteristics
of PitNET

PitNET n. of patients with PitNET/total number of

MENI negative phenocopies Both MENI1 and

phenocopies (n=45/65) CKDN1B negative
phenocopies
(n=29/43)
Sex F=33;M=12 F=23; M=6
Functioning Total (%); F: M 28/45 (62%); 20:8 19/29 (65.5%); 16:3
GH (%); F: M 16/28 (35.6%); 10:6 9/19 (47%); 9:0
PRL (%); F: M 10/28 (22%); 8:2 8/19 (42%); 6:2
ACTH (%); F: M 2/28 (4.4%); 1:1 2/19 (10.5%); 1:1
GH+PRL (%); F: M 1/28 (2.2%); 1:0 0/19 (0%)
Abbrevations: PitNET: pituitary Functioning Surgery 8/28 (28.5%) 8/19 (42%)
NET; NET: neuroendocrine First line therapy SSA 12/28 (43%) 5/19 (26%)
tumor; F: female; M: male; GH: Dopamine agonist 8/28 (28.5%) 6/19 (31.6%)
ﬁi"&é?gf;gﬁjﬂé’i&tlg&lxlc Non-functioning Total; F:M 17/45 (38%); 13:4 10/29 (34.5%); 7:3
hormone; SSA: somatostatin i\illtl):;f::;;tmnmg: First Surgery . 3/17 (18“/3) 3/10 (302/0)
analogue; n.:number py Active surveillance 14/17 (82%) 7/10 (70%)
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The non-functioning PitNETs were 10/29 (34.5%; F:
M=7:3); three patients underwent surgery (30%), while
the others received just active surveillance. The therapeutic
approaches for both functioning and non-functioning Pit-
NETs in all MEN1 phenocopies are illustrated in Fig. 2.

When comparing these MEN1/CKDN 1B negative patients
with the whole group of MENI-negative patients, a higher
prevalence of GH-secreting compared to PRL-secreting Pit-
NETs emerged (16/28, 35.6% vs. 10/28, 22%), highlighting
the trend of this population to receive more often diagnosis
of acromegaly rather than of PRLoma. Moreover, there was
one patient who had GH and PRL-secreting PitNET (1/28,
6%; F).

NET

Twenty-one (48.9%) patients among the 43 individuals with
negative genetic screening for both MENI and CKDNIB
developed NETs. Information about their characteristics,
surgical and pharmacological treatment is summarized in
Table 4; Fig. 3.

The most commonly used treatments included surgery
and somatostatin analogues, followed by active surveillance
and radioligand therapy. Less frequent approaches encom-
passed targeted therapy, loco-regional procedures, and pro-
ton pump inhibitors (PPIs).

In MENI/CDKNIB-negative subgroup, women and
men with NET accounted respectively for 12 (57.1%) and
9 (42.9%) (F: M=1.3:1). The median age at diagnosis in
all patients was 62 years (range 30-79), and specifically, in
women it was 55 years (range 37-79), whereas in men 66
years (range 30—79). About the primary NET site, pancreas
was the most frequent in both women (9/12, 75.0%) and
men (5/9, 55.6%), accounting overall for 14 cases (14/21,
66.7%), of which only 1 was characterized by multiple neo-
plastic foci. Seven (n=7, 33.3%) patients developed NET
of the intestinal tract: 3 in the duodenum, 1 in the ileum, 1
in the cecum margin, 1 in the ascending colon and 1 in the
appendix. Afterward, 1 subject presented gastric NET. In 2
(9.5%) subjects, different NET types arose either synchro-
nously or metachronously: one patient developed pancre-
atic, gastric and bronchopulmonary NETs, while the other

Fig. 2 First-line therapy for

A) non-functioning PitNETs
(n=17/45) and B) functioning
PitNETs (n=28/45) in MEN1 phe-
nocopies. Abbreviations: PitNET:
pituitary neuroendocrine tumor,
SSA: somatostatin analogue; DA:
dopamine agonist

A)

m Surgery
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Active surveillance

one developed pancreatic NET and paraganglioma of the
left carotid bifurcation. In terms of grading, available data
of 12 patients showed that all NETs were G1/G2 tumors.
Most cases (13, or 61.9%) were non-functioning NETs,
whereas 7 cases (5 women and 2 men) were associated with
clinical syndromes, the most common being hypoglycemia
due to insulinoma (Table 4). The majority of phenocopies
diagnosed with NETs underwent surgery (up to 46.4%),
followed by SSA therapy (up to 32.1%) and active surveil-
lance (up to 19.0%). A minority, instead, required second or
third-line medical treatment such as RLT (up to 14.3%) or
targeted therapy (up to 3.6%).

Non classical MEN1-related features

Among the 43 patients with genetic screening negative for
both MENI and CKDNIB, there were 9 cases (20.9%) of
adrenal nodules. When considering the whole MEN1-nega-
tive population (n=65), 5 (7.7%) cases of meningiomas and
1 case of seminoma were identified, in addition to a total of
13 (20%) cases of adrenal nodules (Table 5).

About the typical MENI1 features, among all patients
with adrenal nodules, 7 presented also PTHP, 4 GEP-NET,
and 6 PitNET. In this cohort, there was a combination of
PTHP and PitNET in 4 cases, PTHP and GEP-NET in 3
cases, while GEP-NET and PitNET in 1 case.

Oncological familial history in phenocopies with
negative genetic screening for MENT and CKDN1B

None of the 43 patients with negative genetic screening
for both MEN1 and CDKNIB presented a family history of
MEN1. Among all 43 subjects, 16 (37.2%) had oncological
family history (PitNET, NET, thyroid, breast, lung, colon,
gastric, prostate, pancreatic, laryngeal cancer). In particular,
3 patients had a first-degree relative with PitNET, 2 of whom
had non-functioning adenoma (father and 1 a son) and 1 not
known if functioning (1 sister). One patient had a family
history of small bowel NET (1 sister), 4 patients of breast
cancer (1 mother, 1 a daughter, 2 unknown), 3 patients of
lung cancer (1 both grandparents, 1 father, 1 an uncle), 1
patient of colon cancer (father), 1 patient of gastric cancer

B)

= SSA

= Surgery DA
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Table 4 Clinico-pathological characteristics of NET in our study pop-
ulations

NET n. of patients with NET/total MEN1 Both MEN1 and
number of phenocopies negative CKDN1B nega-
patients tive patients
(28/65) (21/43)
Sex F=17;M F=12;M=9
=11
Primary Pancreas 17/28 14/21 (66.7%)
tumor site (60.7%)
n.of cases  Intestinal tract 8/28 7/21 (33.3%)
(%) (28.6%)
Gastric 1/28 1/21 (4.8%)
(3.6%)
Bronchopulmonary 4/28 Not included
(14.3%)
Grad- Gl 11/28 9/21 (42.9%)
ing of the (39.3%)
primary G2 5/28 3/21 (14.3%)
tumor site (17.9%)
n.ofcases  ypknown 12/28 12/21 (57.1%)
(%) (42.9%)
Function-  Carcinoid syndrome 2/8 1/7 (14.3%)
ing n. of (25.0%)
cases (%)  Insulinoma 3/8 3/7 (42.9%)
(37.5%)
Hypergastrinemia 1/8 1/7 (14.3%)
(12.5%)
GH ectopic secretion  1/8 1/7 (14.3%)
(12.5%)
ACTH ectopic 1/8 1/7 (14.3%)
secretion (12.5%%)
Non-functioning n. of cases (%) 20/28 13/21 (61.9%)
(71.4%)
Association PHPT 15/28 12/21 (57.1%)
with typi- (53.6%)
cal MEN1  pitNET 11/28 8 (38.1%)
features (39.3%)
n. of cases
(%)
Therapy Active surveillance 5/28 4/21 (19.0%)
(17.9%)
Surgery 13/28 9/21 (42.9%)
(46.4%)
SSA 9/28 5/21 (23.8%)
(32.1%)
RLT 4/28 2/21 (9.5%)
(14.3%)
Targeted therapy 1/28 0/21 (0%)
(3.6%)
Loco-regional therapy 1/28 1/21 (4.8%)
(3.6%)
Other pharmacological 1/28 1/21 (4.8%)
therapy (PPI) (3.6%)

Abbrevations: NET: neuroendocrine tumor; PHPT: primary hyper-
parathyroidism; PitNET: pituitary neuroendocrine tumor; SSA:
somatostatin analogue; RLT: radioligand therapy; PPI: proton-pump
inhibitor; GH: growth hormone; ACTH: adreno corticotropic hor-
mone

(unknown), 1 patient of prostate cancer (unknown), 1 patient
of laryngeal cancer (mother), 1 patient of thyroid cancer (1
sister), 1 patient of parathyroid adenoma (unknown). One
(n=1) patient had family history of pancreatic cancer (both
father and a paternal relative), while 1 of pancreatic neopla-
sia not further specified.

Discussion

MENI1 phenocopies are not uncommon, with an estimated
prevalence ranging from 10 to 30% of patients with clini-
cal MENI, and therefore they represent an important clini-
cal challenge [4]. Due to the limited epidemiological data,
the precise frequency of phenocopies, particularly when
comparing sporadic cases to familial ones, remains unde-
termined. Nevertheless, negative genetic tests are observed
more commonly in sporadic than in familial cases [10, 19].

In the present study we analyze the clinical, familial,
and genetic profiles of a cohort of 65 Italian patients with
a MENT1 phenocopy; 70% of these individuals were also
tested and found out to be negative for CDKNIB mutation,
confirming the rarity of MEN4 syndrome. Over the same
five-year period, 175 patients were diagnosed with geneti-
cally confirmed MENI1. Overall, among the 240 patients
assessed for possible MEN1 syndrome, 27% were ulti-
mately classified as phenocopies. The prevalence of phe-
nocopies varied substantially across centers, ranging from
7% to 50%. Notably, an inverse relationship was observed
between the number of genetically confirmed MEN1 cases
and the proportion of phenocopies in individual centers: the
higher the number of genetically confirmed MENI1 patients
diagnosed at a center, the lower the proportion of phenocop-
ies. This variability likely reflects differences in diagnostic
experience and case selection among centers, suggesting
that referral bias and the availability of genetic testing may
influence the proportion of phenocopies observed.

Overall, the clinical characteristics of genetically con-
firmed MENI1 patients in this cohort are consistent with
those reported in a large recently published Italian multi-
center study, supporting the robustness and representa-
tiveness of our findings. Thus, we sought to compare our
findings with available data on Italian patients with geneti-
cally confirmed MENT1, to further elucidate potential differ-
ences in phenotype, clinical course and prognosis between
mutation-negative and mutation-positive individuals [20].

Similar to the MENI1 Italian subjects, our phenocopies
were predominantly women (F: M = 2:1; p = 0.0043) but
with an overall median age at diagnosis of 63 years (range
18-82), that is approximately 2 decades later than in muta-
tion-positive MEN1 patients, aligning more closely with
the general population [20, 21]. Even in our genetic-MEN1
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Fig. 3 Distribution of therapeutic
approaches for NETs in MEN1 phenocopy
patients (n=28/65)

o

Table 5 Main atypical MENI-related manifestation in both study
populations

Adrenal nodules MENI1 MENI and
negative CKDNIB
phenocopies  negative

phenocopies

N.patients/total phenocopies 13/65 (20.0%) 9/43 (20.9%)

Gender F: M 10:3 8:1
(76.9%:23.1%) (88.9%:11.1%)

Median age (years old) 57 (42-92) 65 (50-92)
Median  Normal 3/13(23.1%)  3/9 (33.3%)
BMI (18.5-24.9 kg/m?)
(n. patients) Overweight 4/13 (30.8%)  2/9 (22.2%)
(25-29.9 kg/m?)
Obese (>30 kg/m2)  5/13 (38.5%)  4/9 (44.4%)
Function-  Yes 5/13 (38.5%)*  4/9 (44.4%)*
ing No 6/13 (46.2%)  5/9 (55.6%)
CV disease 713 (61.5%)  4/9 (44.4%)
Associa-  PTHP 10/13 (76.9%)  7/9 (77.8%)
tion with  pi{NET 713 (53.8%)  6/9 (66.7%)
MEN1 NET 13 (53.8%)  4/9 (44.4%)
tpical  prpp L pNET  5/13(38.5%)  0/9 (0%)
manifesta-
tions PTHP + NET 4/13 (30.8%)  4/9 (44.4%)
NET + PitNET 113 (71.7%)  1/9 (11.1%)

Abbrevations: F: female; M: male; BMI: body mass index; DM:
diabetes mellitus; CV: cardiovascular; PTHP: primary hyperpara-
thyroidism; PitNET: pituitary neuroendocrine tumor; NET: neuroen-
docrine tumor; NA: not available

* Of the 9 cases of adrenal nodules in MENI- and CKDNIB-negative
patients, 4 (44.4%) were functioning (2 cases associated with hyper-
cortisolism, 2 pheochromocytomas). About the 13 cases observed in
the whole MEN1-negative cohort, only 5 were functioning, including
the aforementioned 4 cases and 1 case of Conn disease

group women were significantly over-rappresented, and age
at diagnosis was significantly lower than phenocopies (p <
0.0001).

In our cohort of phenocopies, the most common clini-
cal combination was PHPT and PitNET (53.8%), followed
by PHPT and GEP-NET (23.1%), with only one patient
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H Other (PPI)

M Loco-regional therapy

M Targeted therapy
Radioligand therapy

M Active surveillance

B Somatostatin analogue

MW Surgery

n. patients

presenting all three classical MEN1-associated tumors.
Conversely, the complete MEN1 tumor triad was observed
in 40.9% of genetically confirmed cases, underscoring the
diagnostic value of tumor clustering. Among patients with
two manifestations, the combination of PHPT and NET was
significantly more indicative of a genetic MEN1 diagnosis,
while PHPT and PitNET were more frequent in phenocop-
ies. This pattern likely reflects the higher baseline preva-
lence of sporadic pituitary tumors in the general population
and highlights the limited specificity of certain tumor com-
binations in the absence of genetic confirmation. Simi-
larly, in the Italian MEN1 database by Giusti et al., which
included 475 MENI1 patients (15.8% MENI mutation-neg-
ative), patients developed predominantly an association of
PHPT and NET (114 cases, 24%), followed by the associa-
tion of all three manifestations (92 cases, 19.4%) and finally
PitNET and NET (8 cases, 1.7%) [20]. This difference is
not surprising since PHPT and PitNET are relatively com-
mon in the general population. Notably, in our phenocopies,
PitNET was the first diagnosed tumor in 45% of cases, com-
pared to PHPT in 40%. This contrasts with genetic MEN1
patients, where PHPT is both the most frequent and earli-
est manifestation. In fact, the Italian MEN1 study identified
PHPT as the most frequent manifestation (93%, n = 405)
as well as the first diagnosed one (67%). NETs (53%, 230),
instead, were the second most frequent feature, followed by
PitNETs (41%, 178) [20].

In order to highlight potential similarities and differ-
ences, we compared the clinical manifestations of each
MEN/1-related disease, and overall phenotypic profile of our
patient cohort with those reported in the Italian MEN1 data-
set [20]. PHPT was the most prevalent manifestation (80%),
often presenting with osteoporosis, albeit with lower-than-
expected severity for age and disease stage. This rate (about
40%) was between the one reported for patients aged 2650
years (25%) in the Florentine MEN1 database and the one
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observed in those over 51 years (57.1%) [22]. Moreover,
bone involvement appeared less severe than expected, with
lower rates of vertebral fractures and absence of markedly
reduced bone density (T-score < —4). Additionally, neph-
rolithiasis and chronic kidney disease were less frequent,
suggesting a milder PHPT phenotype compared to genetic
MENI. In 71.2% of cases, PHPT was diagnosed due to
clinical symptoms, unlike the typically asymptomatic pre-
sentation in MENT1 patients. The rarity of multiglandular
involvement further supports the potential benefit of con-
servative surgery in these patients.

PitNETs in phenocopies were mostly functioning, with
GH-secreting tumors being predominant, differing from the
prolactinoma predominance seen in MENI1. A substantial
proportion (36.8%) required second-line therapy, indicating
a potentially aggressive course similar to that observed in
genetic MEN1 [23]. Conversely, non-functioning PitNETs
were largely managed with active surveillance, reflecting a
generally indolent behavior unusual for PitNET in MEN1
patients [23, 24].

As regards NET patients, NETs showed a female pre-
dominance and were diagnosed at an older age compared
to MENI1 patients. They were mainly non-functioning and
commonly associated with PHPT. When functioning, insuli-
nomas were more frequent in phenocopies, unlike the gastri-
noma predominance in MEN1. The pancreas was the most
common primary site, with rare multifocal disease. Treat-
ment strategies, including surgery (46.4%), somatostatin
analogues (32.1%), and active surveillance (19.0%), closely
mirrored those used in MEN1 patients, and the comparable
need for second-line treatments suggests a similarly chal-
lenging clinical behavior [20].

Our data suggest that an older age at diagnosis, the
absence of lack of multifocal or multiglandular lesions, and
the more favorable course, at least in PHPT, represent the
main distinctive features of phenocopies in comparison with
MEN1 mutation-positive patients. This is in line with previ-
ous data from the literature.

Kovesdi et al. identified the occurrence of NETs, espe-
cially at age < 30 years, as the most significant predictor of
MEN]I mutation positivity among all MEN1-related clinical
manifestations. Conversely, mutation-negative patients were
more likely to develop PHPT either alone or combined with
PitNETs, a trend also reported by Klein et al. in 288 appar-
ently unrelated probands [19, 25]. Real-life clinical data
from the Dutch MEN Study Group (DMSG) further under-
score the more favorable course of mutation-negative cases:
these patients developed two out of the three primary MEN1
manifestations later in life than the MEN1 counterparts, and
demonstrated a life-expectancy comparable to the general
population [26]. Moreover, most of them (76.7%) presented
co-occurrence of PHPT and PitNET, without developing

GEP-NETs whose metastatic progression remains the lead-
ing cause of mortality in MENI1 patients [10, 27].

While confirming previous data in the literature, the
most original contribution of our study lies in the identifica-
tion of an increased individual and familial susceptibility
to oncological diseases. Noteworthy, about 12% (7/65) of
our phenocopies had at least one first-degree relative diag-
nosed with MEN1-associated tumors, and 50% (33/65) of
them had a personal and/or family history of other cancer
types, including breast, lung, kidney, non-NET GEP, skin
and thyroid cancers, suggesting an increased risk for devel-
oping endocrine and non-endocrine tumors in this cohort.
This finding prompts concerns about the most appropriate
clinical-diagnostic management and follow-up protocols for
these patients.

Our analysis, however, presents several limitations
including the retrospective design of the study, the inherent
potential selection bias and the small sample size. An addi-
tional drawback lies in the fact that the information concern-
ing the genetic testing for CDKNIB as well as for AIP in
patients harbouring PitNETs, was available only for a subset
of subjects. Furthermore, a prospective study involving a
larger cohort of patients, with data obtained from a single
central laboratory, could be useful to minimize possible pre-
and post-analytical variations and selection bias.

Currently, the early diagnosis and management of MEN1
phenocopies still represent a relevant clinical challenge
also due to the absence of standardized guidelines. A recent
ENETS MENI task force questionnaire study involving the
Centers of Excellence (CoEs) addressed the issue of surveil-
lance for MEN1 genotype-negative patients. For these indi-
viduals, a more limited screening and surveillance approach
was overall suggested, depending also on the patient’s
clinical features. Specifically, most CoEs favored either a
screening strategy similar to that used for mutation-positive
patients (68% of CoEs) or a personalized approach based
on the patient’s clinical features (25% of CoEs). Nearly all
(92%) would suggest periodic screening in phenocopies
with combined duodeno-pancreatic NET with either PHPT
or PitNET, while only 25% supported screening in cases
with both PHPT and PitNET. A cut-off age of < 50 years
was advised by the majority of CoEs (64%) for initiating
surveillance. Regarding first-degree relatives of pheno-
copy patients, 42% of CoEs supported periodic screening,
whereas 21% would advise other approaches such as edu-
cation or initial screening with individualized follow-up
depending on the screening outcome and patient’s clini-
cal profile [28]. More recently, Faggiano et al. identified
reliable phenotypic criteria, including young age (< 40
years), multifocality, multiple MEN1-associated manifes-
tations (PHPH and/or pitNET), and endocrine syndromes,
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suggestive of MEN1 syndrome in patients with NET as first
manifestation and a negative family history [29].

Conclusions

MENT1 phenocopies are not rare. In our cohort, the three major
MEN1-related manifestations were more frequent in women
and were generally diagnosed in the seventh decade of life,
that is approximately 20 years later than in MENI mutation-
positive patients. PHPT was the most common disease, but
PitNETs represented the most frequent initial manifestation,
having been diagnosed slightly less than 1 decade earlier than
PHPT in phenocopies. NETs were mainly non-functioning,
G1-G2 PanNET, and when functioning, insulinomas were the
prevalent subtype, unlike MEN1 patients. The behaviour of
PitNETs and NETs in phenocopies, as supported by treatment
data, was comparable to MENT1 genetic patients, and further
underlines the necessity of early diagnosis.

The occurrence of MENI-associated tumors in first-
degree relatives (11.6%) and a notable family history of
non-MENT1 cancers suggests the potential utility of expanded
genetic testing and structured screening protocols for these
patients. Considering the high prevalence of PHPT and the
earlier diagnosis of PitNET compared to PHPT in our study
population, screening of PTH levels and calcium-phosphorus
metabolism should be proposed at the initial recognition of
PitNET. However, the lack of specific guidelines continues to
hinder standardized care. There remains considerable debate
regarding the appropriateness of screening these patients and
the optimal strategies for their monitoring. Further studies
are warranted to better understand the biological underpin-
nings of MENT1 phenocopies, which is essential for timely
diagnosis and appropriate management of mutation-negative
individuals.
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