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Abstract

Objective Summarize and analyze the characteristics of patients with Multiple Endocrine Neoplasia type 1 (MEN-1) who
were diagnosed with malignant tumors that do not belong to MEN-1 components.

Methods Clinical data from patients with MEN-1 who visited Peking Union Medical College Hospital between April 2012
and April 2022 were collected. We compared the clinical characteristics of patients with malignant tumors outside of their
MEN-1 components to those without additional tumors. MEN-1 gene testing was performed on most of these patients using
Sanger sequencing, whole-exome sequencing, or MLPA.

Results A total of 221 MEN-1 patients were diagnosed, of which 23 (10.40%) were found to have malignant tumors that did
not belong to MEN-1 components, including papillary thyroid carcinoma (PTC) (4.52%), breast cancer (1.81%), urologic
neoplasms (1.35%), primary hepatic carcinoma (PCC) (0.09%), meningeal sarcoma (0.05%), glioblastoma (0.05%), cervi-
cal cancer (0.05%), and lung carcinoma (0.05%). MEN-1 gene mutations were identified in 11 patients, including missense
mutations, frameshift mutations, and splice mutations. The prevalence of each endocrine neoplasm, particularly gastro-
enteropancreatic neuroendocrine tumor, was higher in MEN-1 patients with other malignant tumors compared to MEN-1
patients without malignant tumors.

Conclusion Our retrospective study revealed a higher incidence of non-MEN-1 component malignant tumors in MEN-1
patients, especially breast cancer, PTC, and urologic neoplasms. These patients also exhibit more severe clinical phenotypes
of MEN-1.

Keywords Multiple endocrine neoplasia - MEN-1 - Breast cancer - Papillary thyroid carcinoma

Introduction

Multiple endocrine neoplasia (MEN) is a condition char-
acterized by the occurrence of neoplasms involving two or
more endocrine glands. The types of MEN include MEN-1,
MEN-2, and MEN-4, depending on the specific endocrine
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glands affected and the involved gene mutations. While most
patients diagnosed with MEN inherit the condition as an
autosomal dominant trait, sporadic cases can occur even
without family history [1-3].

MEN-1 is caused by mutations in the MEN1 gene and
is characterized by hyperparathyroidism, pituitary neuroen-
docrine tumors (PitNET), and gastroenteropancreatic neu-
roendocrine tumors (GEP-NET). Its estimated prevalence
in the population is 1 in 30,000 [4]. Other uncommon mani-
festations in MEN-1 patients include thymic and bronchial
neuroendocrine tumors (NET), adrenal adenomas, and cuta-
neous/mucosal or visceral abnormalities such as lipomas,
hypomelanotic macules, collagenomas, and meningiomas
[3].

Results from clinical studies and preclinical experiments
indicate the possible involvement of MEN-1 gene, which
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encodes menin, in the development of non-endocrine tumors
[3]. There have been several case reports about MEN-1 com-
plicating with other malignancies, such as breast cancer,
melanoma, renal cell carcinoma, and prostate cancer [5-7].
Further observations are needed to determine whether the
relationship between MEN-1 and malignancies is direct or
coincidental. Several studies have confirmed an increased
risk of breast cancer in MEN-1 patients, with a relative risk
of 2.83 categorizes for women [5]. Additionally, a study has
discovered a previously unrecognized function of menin in
controlling melanoma cell proliferation, migration, metas-
tasis, and apoptosis [6].

Here, we present a summary of cases diagnosed with
MEN-1 and concurrent diagnosis of other malignant tumors,
evaluated in a tertiary clinical center. To our knowledge, this
is the first study to summarize patients with co-occurring
malignant tumors and MEN-1.

Materials and methods

The study was conducted at Peking Union Medical College
Hospital between April 2012 and April 2022, where patients
diagnosed with MEN-1 were included in the data collec-
tion. The criteria for patients diagnosed with MEN-1 were
any one of these conditions: (1) two or more tumors located
within one of the three primary endocrine sites (parathyroid
glands, pancreas/duodenum/foregut, pituitary gland), (2) a
first-degree relative with clinical diagnosis of MEN-1 and
a confirmed diagnosis of a MEN-1 associated tumor, or (3)
identified as harboring a MEN-1 germline mutation without
the development of MEN-1 associated tumors [3].

The study protocol adhered to the ethical guidelines
specified by the 1975 Declaration of Helsinki and received
approval from the Ethics Committee of PUMCH (reference
number JS-1663). Patient data, including clinical informa-
tion such as age of onset, sex, characteristics of tumors,
treatment received, and family history, as well as informa-
tion on malignant tumors including age of onset, pathologi-
cal findings, treatment, and prognosis were obtained from
both electronic medical records and clinic charts.

Genomic DNA was extracted from peripheral blood
lymphocytes using the QIAamp Blood DNA Kit (Qiagen;
Hilden, Germany). All coding exons and the exon—intron
boundaries of MEN1 were specifically amplified using poly-
merase chain reaction (PCR) and subsequently analyzed by
Sanger sequencing. Samples from cases that tested negative
for MEN1 mutation by PCR-sequencing and whole-exome
sequencing were further analyzed by for large deletions
using the MLPA assay.

Statistical analysis was performed using IBM SPSS Sta-
tistics 21 (IBM Corp., Armonk, NY). Continuous variables
were expressed as mean =+ standard deviation (SD), and
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categorical variables were expressed as frequencies. Inde-
pendent samples t-test was used to compare the two groups,
while x? test was used to assess count data.

Results

Two hundred and twenty-one patients were diagnosed
with MEN-1. Of these, 23 (10.40%) patients were found to
have malignant tumors that did not belong to the MEN-1
components.

Clinical features of patients diagnosed
with MEN-1 and other malignant tumors

In total, 23 cases were identified with co-occurrence of
MEN-1 and other malignant tumors, comprising of 6 males
and 17 females. The first component tumors of MEN-1 were
diagnosed by an average age of 44.35+13.11 years old. Of
these diagnoses, PHPT accounted for 39.13% (nine cases),
GEP-NET accounted for 43.48% (ten cases), and PitNET
accounted for 17.39% (four cases). Eleven patients had a
family history of MEN-1. Of these patients with MEN-1,
21 cases had hyperparathyroidism, with an incidence rate
of 91.30%. Moreover, 19 cases (82.61%) had PitNETs,
including ten cases (52.63%, six microadenomas and four
macroadenomas) of pituitary nonfunctioning adenomas,
four cases (21.05%) of prolactinomas, four cases (21.05%,
two were microadenomas and two were macroadenomas)
of GH-secreting adenomas, and one case (5.26%) of TSH/
GH-secreting adenoma. GEP-NETs occurred in 19 patients
(82.61%), including ten cases (52.63%) of nonfunctioning
GEP-NETs, five cases (26.32%) of gastrinomas, two cases
(10.53%) of insulinomas, one case (5.26%) with both gas-
trinoma and insulinoma, and one case (5.26%) of vasoac-
tive intestinal polypeptide tumor (VIPoma). Eleven cases
(47.83%) were diagnosed with adrenal adenomas or adre-
nal hyperplasia, three cases (13.04%) were diagnosed with
thymic NETs, and one case with thymoma.

The average age of diagnosis for non-MEN-1 component
malignant tumors in these patients was 52.43 + 11.14 years.
Among them, ten cases (4.52%) were diagnosed with pap-
illary thyroid carcinoma (PTC), three cases (1.36%) were
diagnosed with urologic neoplasms, including renal papil-
lary cell carcinoma, renal clear cell carcinoma (RCC), and
ureteropelvic urothelial carcinoma. Breast cancer was found
in four cases (1.81%), while two cases (0.90%) had PCC
with Hepatitis B infection. One patient was diagnosed with
meningeal sarcoma 16 years after undergoing resection
and radiotherapy for pituitary nonfunctioning adenomas.
Moreover, one patient was diagnosed with glioblastoma, one
with cervical cancer, and another with squamous cell lung
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carcinoma. Among the 23 patients, six patients had a family
history of malignancy (See Table 1 for details).

Nineteen patients underwent genetic testing, which
revealed that 11 patients had MEN1 gene mutations.
Among these mutations, seven cases had missense muta-
tions, occurring in four cases of thyroid cancer, one case of
breast cancer, one case of RCC, and one case of squamous
cell lung carcinoma. Additionally, three cases had frameshift
mutations, with diagnoses of PCC, meningeal sarcoma, and
breast cancer. Lastly, one case had a splice mutation and was
diagnosed with breast cancer.

Differences in clinical characteristics
between patients diagnosed with MEN-1
with malignant tumors and those
without malignant tumors

The clinical characteristics of MEN-1 patients with and
without malignant tumors were compared in this study.
There were no significant differences observed in the age at
diagnosis of the initial component of MEN-1, incidence of
obesity, and family history of malignant tumors between the
two groups. Although not reaching statistical significance,
there was a higher proportion of diabetes and female patients
in the MEN-1 group with malignant tumors. In addition,
the incidence of MEN-1 components, including PitNET
(82.61% vs. 68.69%, p=0.167), GEP-NET (86.96% vs.
65.15%, p=0.035), adrenal adenoma (30.43% vs. 23.23%,
p=0.558), and thymic NET (13.04% vs. 6.56%, p=0.256),
was higher in MEN-1 patients with malignancies than in
those without other malignancies. Of these, the incidence of
GEP-NET was statistically significantly higher as indicated
in Table 2.

Clinical management of MEN-1 in patients
with other malignant tumors

In terms of the management of MEN-1-related tumors, 16
cases of hyperparathyroidism patients underwent parathy-
roid surgery, with at least two or more parathyroid glands
removed in ten cases. One patient experienced recurrence
after surgery. Six patients underwent pituitary tumor sur-
gery, and one patient continued to receive gamma knife
and bromocriptine treatment due to incomplete relief after
surgery. One patient with pituitary macroadenoma devel-
oped postoperative intracranial and pulmonary infections,
ultimately resulting in mortality. Three patients with prolac-
tinomas and one patient with GH-secreting tumor received
bromocriptine treatment, while one patient with TSH-GH
mixed tumor received octreotide treatment. Other patients
with pituitary nonfunctioning microadenoma were under

observation. Ten patients with GEP-NET underwent surgi-
cal treatment, three patients received octreotide treatment,
one patient received radioactive isotope therapy, and one
patient of gastrinoma received omeprazole treatment alone.
The remaining nonfunctioning GEP-NETs were placed
under long-term observation. Three cases of thymic NET
underwent surgical treatment. One case of adrenal nodule
underwent surgical treatment.

In the management of malignant tumors, all cases of PTC
underwent radical surgery. One patient with breast cancer
and lymph node metastasis underwent breast-conserving
surgery, followed by 30 sessions of radiotherapy and six
cycles of chemotherapy (docetaxel plus cyclophosphamide)
along with endocrine therapy (goserelin and tamoxifen).
Another patient with invasive breast cancer underwent radi-
cal surgery, followed by four cycles of chemotherapy (Pacli-
taxel and Epirubicin) and endocrine therapy (goserelin and
anastrozole). One patient only underwent radical surgery for
breast cancer, and no recurrence was observed in all cases.
One patient with breast cancer refused further treatment.
Three patients with urologic neoplasms underwent radi-
cal surgery, and no recurrence was observed after surgery.
Among two cases of primary liver cancer, one patient under-
went surgery, while the other refused further treatment. One
patient with meningeal sarcoma underwent surgery and post-
operative radiotherapy, but the condition did not improve.

Discussion

The MENI1 gene, located on the 11q13 chromosome, is
responsible for the development of multiple endocrine neo-
plasia type 1 (MEN-1), an inherited tumor syndrome [3]. It
codes for the menin protein, which aids in regulating tran-
scription, chromatin structure, genome stability, and cellular
proliferation by either directly associating with interacting
protein partners or modulating key cellular signaling path-
ways [4]. The development of parathyroid, pancreatic, pitui-
tary, and adrenal tumors in MEN1 knockout mice mimics
the human MENI1 syndrome, demonstrating that MEN1 acts
as a tumor suppressor gene in endocrine tumors [8]. Recent
reports have demonstrated that the menin protein is also
associated with the development of non-endocrine tumors.
For example, menin has been shown to associate with trxG
family proteins in a histone methyltransferase complex, it is
required for the maintenance of Hox family gene expression,
and is involved in the initiation of MLL-mediated leukemo-
genesis and myeloid transformation [9, 10].

We found that 1.81% of MEN-1 cases were associated
with breast cancer, indicating a significantly higher inci-
dence compared to the general population. The 10-year
prevalence in different regions in China ranges from 134
to 367 per 100,000 individuals [11]. Studies have shown
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that the silencing of the MEN1 gene can result in changes
in proliferative gene expression among primary mammary
luminal progenitor cells in human breast tissue [12]. For
instance, Romain T et al. analyzed 354 human breast cancers
and identified a lower expression of menin that correlated
with ER-negative breast cancer (p=0.041) [13]. Rachel S.et
al. found that MEN-1 carriers were at an increased risk for
breast cancer, which was not related to other known risk fac-
tors or familial cancer history, and was associated with an
earlier age of onset (45 vs 57.5 years old) [14]. However, in
our study, the age of onset for breast cancer ranged from 42
to 71 years (average 53 years), which is not earlier than the
mean age at diagnosis of breast cancer in Chinese popula-
tions (49 years) [11]. There is robust evidence suggesting a
strong connection between MEN-1 and breast cancer, which
highlights the significance of breast cancer screening for
female MEN-1 patients starting at age 40. In our study, we
identified one patient who was diagnosed with both breast
cancer and prolactinoma. In animal experiments, prolactin
was shown to act as a cancer initiator and promoter [15].
Nevertheless, a recent study indicated that the relative risk of
breast cancer in 1342 patients with treated hyperprolactine-
mia was 1.07, which does not suggest an increased risk of
breast cancer [16].

Our study found that the incidence of MEN-1 compli-
cated with thyroid papillary carcinoma was 4.52%, which
is higher than the general population incidence of PTC in
China (0.5-6.9/100,000) [17]. Although the current view is
that the association of thyroid abnormalities in patients with
MEN-1 may be incidental [3], genetic analysis of papillary
cancer tissue did not show loss of heterozygosity (LOH) in
MEN-1 patients. Furthermore, there is no evidence from
in vitro, animal, or human studies linking germline muta-
tions of MEN1 with the development of PTC [7]. While
there is insufficient evidence to support an association
between MEN-1 and the development of thyroid cancer,
potential factors contributing to the higher incidence of PTC
in MEN-1 patients were examined. In our study, two cases of
PTC with pituitary growth hormone adenoma were identi-
fied, which is a risk factor for the occurrence of PTC [18].
Thyroid ultrasound before surgery of hyperparathyroidism
was needed in our center, which may increase the detection
rate of thyroid cancer which is asymptomatic, low-malig-
nant, slow-growing tumor, and often overlooked. Frequent
radioactive examinations such as CT and nuclear medical
examination, which are required in MEN-1 patients to evalu-
ate tumors, can also increase thyroid exposure to excessive
radiation and may be a risk factor for the increased incidence
of thyroid cancer.

Three cases of MEN-1 were presented with urologic
neoplasms, which comprised of RCC, renal papillary cell
carcinoma, and upper tract urothelial carcinoma (UTUC).
In a study by Perakakis, a German family with MEN-1 was

tes?
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MEN-1 Multiple Endocrine Neoplasia type 1, PHPT primary hyperparathyroidism, PitNET pituitary neuroendocrine tumor, GEP-NET gastroenteropancreatic neuroendocrine tumor, NET neu-

roendocrine tumor

Table 2 Difference of clinical characteristics between patients diagnosed of MEN-1 with other malignant tumors and without other malignant tumors
.
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diagnosed with atypical tumors including renal cell car-
cinoma, papillary thyroid cancer, and prostate cancer [7].
However, no studies have confirmed that the mutation of
MENI1 gene is directly associated with the development of
urinary tumors. It is hypothesized that the high incidence
of urologic neoplasms observed in MEN-1 patients may be
linked to urolithiasis caused by early hyperparathyroidism.
A prospective study conducted by Jeroen A revealed that an
early diagnosis of kidney stones (<40 years) was linked to
a heightened risk of RCC (HR: 3.08, 95% CI 1.55-6.11) and
UTUC (HR: 1.66, 95% CI 1.03-2.68) [19]. Nevertheless, the
pathophysiological mechanisms underlying the development
of renal cell carcinoma and urothelial cancer in patients with
urolithiasis remain undiscovered.

In this study, there were few relevant reports regarding
other atypical tumor entities among MEN-1 patients, such
as brain glioma, cervical cancer, and lung cancer. However,
it has been found that menin represses PTN transcription via
polycomb gene-mediated trimethylation of H3K27, which
has been associated with lung adenocarcinoma. Interest-
ingly, menin has been shown to be expressed not only in
endocrine tumors, but also in many non-endocrine human
cancer cells, including breast, cervical, brain glioma, and
gastric cancer cell lines [20]. This suggests potential cor-
relations between MEN-1 and these non-endocrine tumors.
Further investigations are required to clarify both the general
role of menin in carcinogenesis, as well as the importance
of specific mutations.

Two patients in this study were diagnosed with a co-
occurrence of PCC and MEN-1. However, both patients
were suffering from Hepatitis B, which is a major risk factor
for PCC. Interestingly, heterozygous ablation of MEN-1 in
female mice has been shown to reduce chemical carcinogen-
induced liver carcinogenesis, and repress activation of the
inflammation pathway [21].

In our study, we compared the clinical characteristics of
MEN-1 patients with and without other malignancies. A
higher prevalence of PitNET, GEP-NET, thymic NET, and
adrenal adenoma in MEN-1 patients with malignant tumors
compared to those without malignancies was found, and the
prevalence of GEP-NET in MEN-1 with malignant tumors
group was statistically higher. Previous studies had found
that GEP-NETs occurred more frequently in presence of a
positive family history for non-neuroendocrine GEP cancer,
obesity, and in presence of diabetes [22]. We also evaluated
risk factors such as obesity, diabetes, family history of other
malignancies, and smoking in both groups of patients, but
no significant statistical differences were observed. Although
we did not find more severe pattern of mutations in MEN-1
with other malignant tumors. We hypothesized that loss of
function from menin protein may be more severe in MEN-1
patients with malignant tumors based on the more serious
clinical features observed.

In this study, the diagnosis of all MEN-1 patients was
based on one of the three diagnostic criteria proposed in
the 2012 MEN-1 guidelines [3]. However, it is worth noting
that some scholars have raised concerns about the potential
confusion in clinical and familial diagnosis of MEN-1 due
to the occurrence of phenotypic variations in both patients
and their relatives [23]. Another research has also indicated
that mutation-positive and mutation-negative MEN1 patients
have a different phenotype and clinical course. Mutation-
negative patients develop MEN1 manifestations at higher
age and have a life expectancy, did not develop a third main
MENT manifestation during follow-up [24]. However, in our
study, 6 out of the 12 patients who lacked a genetic diag-
nosis exhibited the presence of all three tumors associated
with MEN-1 which is inconsistent with previous research.
So, further studies involving larger case cohorts and longer
follow-up periods are needed to determine whether the diag-
nostic criteria for MEN-1 should be updated and whether
there are clinical and prognostic differences between patients
with and without MEN-1 gene mutations. Additionally, in
patients who do not show MEN-1 mutations through rou-
tine whole exome sequencing or Sanger sequencing, the
possibility of large genomic deletions or intronic splice site
mutations should be considered. A small subset of patients
may have other genetically related syndromes, such as MEN-
4. In our study, four patients (cases 4, 5, 8, 10) underwent
whole exome sequencing, but no mutations were identified
in CDKNBI1 or other pathogenic genes.

This study summarizes the largest number of patients
diagnosed concurrently with MEN-1 and malignant tumors
not related to MEN in a single center. Our study found a high
prevalence of breast cancer, PTC, and urologic neoplasms
in MEN-1 patients. Additionally, occurrences of malignant
tumors such as brain glioma, squamous cell lung carcinoma,
PCC, cervical cancer were found, which had rarely been
reported in the past. 10.4% patients were found to have
malignant tumors that did not belong to the MEN-1 compo-
nents, which suggested that a small proportion of patients
with MEN-1 may be at risk for additional, unpredictable
cancers outside of the expected disease manifestations.
Further investigation is needed to determine the etiology
and pathogenesis of these tumors. Nevertheless, the more
severe clinical features observed in MEN-1 patients with
other malignant tumors compared to those without malig-
nant tumors may suggest a more serious loss of function
from menin protein. A limitation of our study was that it is
retrospective in nature, we are unable to obtain cancer tissue
from patients for evaluation the LOH to analyze the possible
underlying mechanisms of malignancies in MEN-1 patients.

In conclusion, the data reported in the current study have
showed in our retrospective analysis a potentially relevant
difference in the occurrence of concurrent neoplasms in
MEN-1 patients. Further larger and prospective studies are
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needed to confirm the achieved results, also in accordance
with more accurate genetic testing and survival analyses.
The specific mechanism underlying this relationship is still
unclear, but the clinical manifestations of MEN-1 patients
with malignant tumors are more severe than those without
malignant tumors.
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