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Abstract
Background: Some gender-related differences have been 
reported in multiple endocrine neoplasia type 1 (MEN1), al-
though not all reports are conclusive. This systematic re-
view with analysis of the own MEN1 cohort evaluates gen-
der differences and potential consequences for screening. 
Methods: A systematic review of the literature between 
1990 and 2019 with the search terms “MEN1” or “multiple 
endocrine neoplasia type 1” and “gender” or “sex” was per-
formed. In addition, the prospectively collected data of a 
genetically confirmed MEN1 cohort of the Philipps Univer-
sity Marburg were retrospectively analyzed. Results: Re-
view of the literature identified five retrospective case series 
with original data of 1,057 MEN1 patients. One series sug-
gested a higher frequency of pancreatic neuroendocrine 
neoplasms (NEN), especially gastrinomas, in men (61 vs. 
54%) and a higher frequency of pituitary tumors in women 
(47 vs. 30%), but others did not. Only thymic NEN occurred 
predominantly in men throughout all studies. Women with 
MEN1 were found to have an increased risk of breast cancer. 
In the own series consisting of 116 MEN1 patients (male = 
58, female = 58), thymic lesions were also more frequently 
detected in male patients (male = 5, female = 1). No gender 
difference was found with regard to the other manifesta-
tions. Conclusion: Regarding the typical MEN1 tumor man-

ifestations, gender-adapted diagnostic and therapeutic ap-
proaches cannot be recommended. Female MEN1 patients 
should be encouraged to participate in breast cancer 
screening programs. © 2020 S. Karger AG, Basel

Introduction

Multiple endocrine neoplasia type 1 (MEN1) is a rare 
autosomal dominant inherited tumor syndrome caused 
by germline mutations of the MENIN gene on chromo-
some 11q13 [1]. The penetrance of the disease approxi-
mates 100% by the age of 50 years [2, 3]. Manifestations 
classically include primary hyperparathyroidism (pHPT), 
duodenopancreatic neuroendocrine neoplasias (dpNEN), 
and pituitary adenomas. Other detectable lesions are 
bronchial and thymic NEN, as well as adrenal lesions. Re-
cently, an increased risk of breast cancer has been de-
scribed for women with MEN1 [4]. From genetic consid-
erations and observational studies, the distribution of 
typical MEN1 lesions has been assumed to be almost 
equal in men and women [5].

Current practice guidelines by experts [5, 6] and 
 ENETS centers of excellence [2, 7] recommend reg- 
ular screening in MEN1 patients beginning by the age of 
6–16 years. The goal of screening is the early detection of 
any organ manifestation to prevent malignant spread and 
preserve the quality of life. Screening should include lab-
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oratory tests for endocrine dysfunction and imaging pro-
cedures of the target organs with potential neoplastic 
manifestations of the syndrome. In addition, annual 
screening of asymptomatic MEN1 patients seems to be of 
benefit, but it has to be noted that screening implicates 
costs and psychological burden [7]. Current guidelines do 
not refer to gender-specific screening intervals or tech-
niques [2, 5]. However, some recent studies have shown 
gender-dependent prevalence of some MEN1-asscociat-
ed organ manifestations [3, 8, 9]. 

The aim of this study was to analyze gender differenc-
es in organ manifestations in MEN1 patients and wheth-
er those, if present, should have consequences for screen-
ing programs.

Methods

Systematic Review
Search Strategy
The Medline database was searched for the terms “MEN1” or 

“multiple endocrine neoplasia type 1” and “gender” or “sex” to 
identify studies analyzing gender differences in MEN1 published 

between 1990 and today. The initial search was performed in Oc-
tober 2019 and was updated in November 2019. Initially, titles and 
abstracts of the articles were screened. All articles reporting origi-
nal data of ≥50 MEN1 patients were included. Articles published 
in other languages than English or German were excluded from 
the literature search. Furthermore, duplicates were excluded. In 
case of multiple publications of data from the same cohort, only 
the most recent or the one with the most detailed information on 
gender differences was analyzed. 

Three authors (J.M., D.K.B., M.B.A.) of this study indepen-
dently assessed the search results for inclusion. Data of included 
studies was extracted regarding study design, study population, 
patient characteristics, organ manifestations, and patient follow-
up. The reference lists of all relevant articles were reviewed as well 
to identify further suitable publications. 

Marburg MEN1 Database
Data of genetically confirmed MEN1 patients who were treated 

at the Department of Visceral, Thoracic and Vascular Surgery at 
the Philipps University Marburg, Germany, have been collected in 
a prospective database since 1997 after approval of the local ethical 
committee, and were retrospectively analyzed with special regards 
to gender-dependent screening results and tumor manifestations. 
Data of some patients have been previously reported [10, 11]. The 
diagnostic criteria for MEN1 and annual screening followed a 
standardized protocol as previously published [2, 7]. Regular 

Fig. 1. Results of the systematic literature 
search.
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screening included measuring of plasma hormone levels [2] and 
imaging. Abdominal imaging comprised annual magnetic reso-
nance imaging (MRI) and endoscopic ultrasonography. In addi-
tion, magnetic resonance imaging of the pituitary and thoracic 
computed tomography (CT) were performed at 1- or 3-year inter-
vals according to previously identified lesions. Somatostatin recep-
tor scintigraphy was performed for functional imaging until 2012. 
In 2013 and 2014, Ga68-DOTATOC-PET/CT was performed on 
all patients during regular screening [12]. Since 2015, Ga68-DOT-
ATOC-PET/CT has only been performed in patients with suspect-
ed metastatic disease.

Statistical Analysis
Data were analyzed using the SPSS software (version 26; SPSS, 

Inc.). Nonparametric data are presented as median and range. p val-
ues < 0.050 were considered statistically significant. Fisher’s exact 
test or the χ2 test were used for crude analysis of dichotomous data.

Results

Review of the Literature
PubMed search of the terms “MEN1” or “multiple en-

docrine neoplasia type 1” and “gender” or “sex” could 
identify 95 abstracts, all published after 1990. After 
screening of all 95 titles and abstracts, a total of 11 full 
texts were assessed for eligibility. Six studies were exclud-
ed because of repetitive publication of data from the same 
cohort. A total of 5 studies fulfilled the inclusion criteria 
[4, 8, 10, 11, 13] (Fig. 1). Two studies reported data from 
the Marburg cohort, which were also analyzed in the 
present original data. Screening of the reference lists 
could not reveal further eligible studies. 

All 5 eligible studies were retrospective case series. 
Original data on gender differences of 1,057 patients with 
MEN1 were identified, including 503 men and 669 wom-
en, not including patients from the presently reported 
Marburg cohort (Table 1). 

Only one study by Goudet et al. [8] comprehensively 
assessed gender differences regarding all manifestations of 
734 patients (310 men, 424 women) with MEN1 from var-
ious centers in France and Belgium. The authors found a 
higher frequency of the Zollinger-Ellison syndrome (ZES) 
in men (36.5%) than in women (24.3%, p < 0.001) and a 
higher frequency of pituitary tumors in women (46.5%) 
than in men (30.3%, p < 0.001). Thymic tumors occurred 
exclusively in 19 (6.1%) male patients (p < 0.001) (Table 1). 

de Laat et al. [13] provided detailed information of 27 
patients with thymic and pulmonal NEN among 135 men 
and 188 women with MEN1 from the Dutch MEN1 study 
group. Whereas the incidence of pulmonal NEN did not 
differ between gender, thymic NEN were also significant-
ly more frequent, but not exclusive, in men (91 vs. 9%).

Furthermore, within a multicentric MEN1 cohort 
from the Netherlands, France, and Belgium, the risk of 
breast cancer was significantly higher than in the refer-
ence population [4]. Ta
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Lopéz et al. [11] described a significantly smaller body 
height in female MEN1 patients as compared to their first 
degree-relatives and the German female population, 
which was not as evident in male MEN1 patients.

Finally, Bartsch et al. [10] provided detailed informa-
tion on a cohort of patients with MEN1 and found a high-
er prevalence of dpNEN in male patients compared to 
women (100 vs. 88%, p = 0.042). No significant gender 
difference was found for thymic, bronchial, or other ma-
lignant neuroendocrine tumor (NET). 

None of the reviewed studies reported gender-specific 
differences in the incidence of hyperparathyroidism, ad-
renal tumors, or bronchopulmonary NET. The system-
atic review of gender-associated organ manifestations of 
MEN1 are summarized in Table 1.

Marburg Cohort
In total, 116 patients with MEN1 syndrome have been 

treated at our institution. Men (n = 58, 50%) and women 
(n = 58, 50%) were equally distributed. Nine (7.8%) out 
of the 30 (25.9%) MEN1 patients who did not participate 
in annual screening have been lost to follow-up. Eleven 
(9.5%) out of 116 MEN1 patients died because of a 
 MEN1-related tumor after a median follow-up of 138 
(range 12–420) months. 

Of the 116 MEN1 patients, 107 (93%) were diagnosed 
with pHPT with no gender-specific prevalence (p = 
0.448). Pituitary lesions were found in 47 (40.9%) MEN1 
patients, including 27 male and 20 female patients with 
no gender-specific difference (p = 0.211). In total, 
108 (93%) patients developed dpNEN, of whom 55 were 
male and 53 were female MEN1 patients with no gender-
specific difference (p = 0.448). Out of the 108 MEN1 pa-
tients with dpNEN, 33 (28.7%) developed Zollinger-Elli-
son syndrome (male = 16, female = 17); 13 (11.2) devel-
oped insulinoma (male = 7, female = 6); and 79 (68.1%) 

MEN1 patients developed a nonfunctioning pNEN. The 
different dpNEN types did not show gender-specific dif-
ferences (Table 2).

Bronchial NEN were diagnosed in 15 (13%) MEN1 pa-
tients (7 males and 8 females, p = 0.754). NETs of the thy-
mus were detected in 5 MEN1 patients. One of these 5 
patients was female (p = 0.176). Adrenal lesions were dis-
covered in 41 (35.3%) MEN1 patients, including 17 male 
and 24 female patients (p = 0.15).

Breast cancer was detected in only 1 (0.9%) female pa-
tient. None of the male MEN1 patients developed breast 
cancer. The results of organ manifestations in the Mar-
burg cohort are summarized in Table 2.

Discussion

Regular screening at an expert center is recommended 
for all patients with MEN1, as the penetrance of the dis-
ease is nearly 100% by the age of 50 years. Early detection 
of manifestations can prevent metastasis of malignant tu-
mors leading to premature death and help patients main-
tain a good quality of life [5, 7, 14]. Screening recommen-
dations of current guidelines do not differentiate between 
male and female patients [5]. The present study analyzed 
gender differences of MEN1 organ manifestations in 
1,057 MEN1 patients from the literature and 116 MEN1 
patients from the Marburg cohort. There are only very 
few retrospective studies somehow focusing on gender 
differences in MEN1. Some of these retrospective regis-
try-based studies cover very long time periods and show 
a large data heterogeneity as well as certain methodical 
problems. Thus, the data analyzed in the presented sys-
tematic review have to be interpreted with caution. 

Given the autosomal dominant trait of MEN1, the gen-
der distribution should be equally balanced. The Marburg 

Table 2. Gender-dependent organ manifestations in the Marburg MEN1 cohort

All (n = 116) Male (n = 58) Female (n = 58) p value

pHPT 108 (93.1) 55 (94.8) 53 (91.3) 0.464
Pituitary adenoma 47 (40.5) 27 (46.5) 20 (34.5) 0.211
dpNEN

ZES
Insulinoma
NF-pNEN

108 (93.1)
33 (28.7)
13 (11.2)
79 (68.1)

55 (94.8)
16 (27.6)

7 (12.1)
42 (72.4)

53 (91.3)
17 (29.3)

6 (10.3)
37 (63.8)

0.464
0.837
0.769
0.319

Bronchial NEN 15 (12.9) 7 (12.1) 8 (14) 0.754
Thymic NEN 5 (4.3) 4 (6.9) 1 (1.8) 0.176
Adrenal lesions 41 (35.3) 17 (29.3) 24 (42.1) 0.152
Breast cancer 1 (0.9) 0 (0) 1 (1.8) 0.311

Values are presented as n (%). pHPT, primary hyperparathyroidism; dpNEN, duodenopancreatic neuroen-
docrine neoplasia; NEN, neuroendocrine neoplasia; NF-pNEN, non-functioning pancreatic neuroendocrine 
neoplasia; ZES, Zollinger-Ellison syndrome.
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cohort comprised an equal number of men and women, 
but the systematic review revealed a slight predominance 
of women of about 60% [8, 15–17]. However, since none 
of these retrospective studies are population based, this 
inequality is most likely caused by selection bias.

In the present systematic review and in the Marburg 
cohort, no gender differences have been observed in the 
prevalence of pHPT, adrenal lesions, or bronchopulmo-
nary NEN. For the prevalence of dpNEN, pituitary ade-
nomas, and thymic NEN, however, gender differences 
have been described by some authors [8, 10, 13]. Another 
recent finding highlighted that the prevalence of breast 
cancer might be elevated in female MEN1 patients [4]. 
These suggested, but not confirmed, gender differences 
as well as their potential implications on screening rec-
ommendations are discussed below.

Duodenopancreatic Neuroendocrine Neoplasms
In a large cohort of MEN1 patients from the Groupe 

d’Etude des Tumeurs Endocrines (GTE), and within a 
unicentric German patient cohort, the incidence of duo-
denopancreatic NEN (dpNEN) was significantly higher in 
men than in women [8, 10]. In the GTE cohort, the high-
er frequency of dpNEN in men was mostly due to a high-
er prevalence of ZES in male patients (113 of 310 men, vs. 
103 of 424 women). As the authors critically discussed, 
data from their cohort dates back as far as to 1951 when 
the MEN1 syndrome was hardly understood, diagnostic 
options were limited, and the diagnosis was often only 
made in patients with advanced and symptomatic disease. 
In the earlier Marburg cohort with 76 patients, the preva-
lence of dpNEN was 100% in men and 88% in women  
(p = 0.04) [10]. In the presented updated Marburg cohort, 
however, the prevalence of dpNEN is around 93% without 
gender differences, neither overall nor functioning nor 
nonfunctioning. Approximately 20 years ago, the estimat-
ed incidence of dpNEN in MEN1 patients was below 50% 
[17]. Based on improved imaging techniques and the con-
duction of regular screening at expert centers, it becomes 
now more evident that the incidence of dpNEN is above 
90% until the age of 70 years [18]. Furthermore, it is now 
well understood that gastrinomas in patients with MEN1-
ZES arise almost exclusively in the duodenum and very 
rarely in the pancreas [19]. The earlier reported incidenc-
es of dpNEN must therefore be interpreted with caution. 
It has also been reported that the prognosis of dpNEN 
metastatic to the liver might be worse in men than in 
women, which will not have any influence on regular 
screening [20]. Given the fact that dpNEN develop fre-
quently in both sexes, and metastatic pNEN disease is the 
most common disease-related cause of death, screening 
for the presence of all types of dpNEN should be per-
formed thoroughly in both sexes with adequate laboratory 
tests and at least one imaging modality in annual intervals.

Pituitary Adenomas
Pituitary adenomas have been described to be more 

frequent in women than men (46.5 vs. 30.3%) in one large 
French-Belgian series [8]. As for ZES, this might be re-
lated to the more likely diagnosed endocrine dysfunction 
in women who may have symptoms of erratic menstrua-
tion and infertility [21], as the majority of pituitary tu-
mors in women from this cohort were prolactinomas 
(54,8%). This finding could not be confirmed in the other 
reports included in the systematic review nor in the up-
dated Marburg cohort. Here, pituitary tumors occurred 
even more often in men, although without statistical sig-
nificance. Thus, a gender-specific prevalence of pituitary 
adenomas remains controversial. However, since the 
prevalence is > 40% in both sexes, screening for pituitary 
adenomas should be performed on a regular basis.

Thymic NEN
Thymic NEN are considered the most aggressive man-

ifestation of MEN1, which therefore represent the second 
most common disease-related cause of death in MEN1 in 
spite of their rarity of approximately 5% [5, 8, 10, 11]. As 
the present systematic review, several other reports have 
shown consistently that thymic NEN affect much more 
often men than women [9, 22, 23], although the gender 
ratio of 20: 1 is only an estimate due to the small number 
of cases. Despite thymic NEN are very rare, especially in 
MEN1 women, biannual imaging of the chest is recom-
mended for both sexes to detect bronchopulmonary 
NEN, which develop equally frequent in men and wom-
en, namely in up to 30% of the patients [10]. Thus, regular 
chest imaging is indicated in both sexes.

Breast Cancer
Following up on a finding in an animal model of 

MEN1, the Dutch MEN1 study group [4] reported an in-
creased risk for (mostly luminal) breast cancer in women 
with the MEN1 syndrome. In the Dutch cohort, 12 out of 
190 women (6.3%) were affected. The relative risk of 
breast cancer in this series was 2.83 when compared to the 
general Dutch female population. This finding could be 
supported within 675 female MEN1 patients from co-
horts from the USA, France, and Tasmania, reporting a 
combined incidence ratio of 1.96 [4]. In the presented 
smaller Marburg cohort of 58 women, however, only 1 
woman (1.8%) developed breast cancer. This prevalence 
is not higher than that of the general German female pop-
ulation. Nevertheless, population-based, large-scale stud-
ies are needed to confirm the increased risk of breast can-
cer in female MEN1 patients. Women affected by the 
MEN1 syndrome should be encouraged to undergo breast 
cancer screening as offered by the respective govern-
ments and insurance companies. 
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Conclusion

Regarding the typical MEN1 tumor manifestations, 
gender-differentiated diagnostic and therapeutic ap-
proaches cannot be recommended. Female MEN1 pa-
tients should be encouraged to participate in breast can-
cer screening programs.
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