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Multiple endocrine neoplasia type 1 (MEN1) is 
an autosomal-dominant disorder attributed to a 
germline pathogenic variant of the tumor sup-

pressor menin gene located at 11q13.1 Clinically, the dis-
order includes primary hyperparathyroidism; neuroen-
docrine tumors of the pancreas, duodenum, thymus, and 
bronchi; adrenal tumors; and pituitary tumors.2 While 

the greatest mortality in MEN1 is attributed to metastatic 
pancreatic and thoracic neuroendocrine tumors,3 pituitary 
involvement remains a significant cause of morbidity.4,5 
Consequently, several reports have been published that 
have aimed to categorize the incidence, clinical features, 
pathology, and treatment of pituitary disease in MEN1 pa-
tients.4–12
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OBJECTIVE Multiple endocrine neoplasia type 1 (MEN1) is a rare, autosomal-dominant tumor disorder characterized 
by the development of pituitary tumors and other endocrine neoplasms. Diagnosis is made clinically based on the de-
velopment of 2 or more canonical lesions (parathyroid gland, anterior pituitary, and enteropancreatic tumors) or in family 
members of a patient with a clinical diagnosis of MEN1 and the occurrence of one of the MEN1-associated tumors. The 
goal of this study was to characterize pituitary tumors arising in the setting of MEN1 at a single institution. The probability 
of tumor progression and the likelihood of surgical intervention in patients with asymptomatic nonfunctional pituitary ad-
enomas were also analyzed.
METHODS A retrospective review of a prospectively maintained institutional database was performed for patients with 
MEN1 diagnosed from 1970 to 2017. Data included patient demographics, tumor characteristics, treatment strategies, 
and outcomes.
RESULTS A review of the database identified 268 patients diagnosed with MEN1, of whom 158 (59%) were female. 
Among the 268 patients, 139 (51.8%) had pituitary adenomas. There was a higher prevalence in women than in men 
(65% vs 35%, p < 0.005). Functional adenomas (57%) were more common. Prolactin-secreting adenomas were the most 
common functional tumors. Macroadenomas were seen in 27% of patients and were more likely to be symptomatic and 
locally aggressive (p < 0.001). Forty-nine patients (35%) underwent transsphenoidal resection at some point during their 
disease course. In 52 patients who were initially observed with MEN1 asymptomatic nonfunctional adenomas, only 5 
(10%) progressed to need surgery. In MEN1 patients, an initial parathyroid lesion is most likely followed in order by pitu-
itary, pancreatic, adrenal, and, finally, rare carcinoid tumors.
CONCLUSIONS Asymptomatic nonfunctional pituitary adenomas in patients with MEN1 may be followed safely with 
MRI. In this series, parathyroid tumors developed at the lowest median age of all cardinal tumors, and development of 
additional cardinal MEN1 lesions followed a predictable pattern. This pattern of disease progression could have signifi-
cant implications for disease surveillance in clinical practice and may help to target clinical resources to the lesions most 
likely to develop next. This may aid with early detection and treatment and warrants further study.
https://thejns.org/doi/abs/10.3171/2020.1.JNS193538
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Among functional pituitary tumors in the general popu-
lation, prolactinomas are the modal type, accounting for 
approximately 40% of such neoplasms.13 In MEN1-related 
pituitary adenomas, it remains unclear whether there are 
significant differences in the secretory hormone patterns. A 
number of studies have shown a preponderance of prolac-
tin (PRL)–producing tumors in the setting of MEN1.5,6,9,11

The clinical success of dopamine agonist therapy in the 
treatment of prolactinomas, combined with the low proba-
bility of surgical cure in cases of macroprolactinomas, has 
limited the indications for surgical intervention in these 
cases. In presumed sporadic tumors, surgery for prolacti-
nomas is limited to patients with persistent hyperprolacti-
nemia or worsening mass effect in the setting of maximal 
medical therapy, or those in whom there are intolerable 
adverse effects to dopamine agonists.9,14,15 Thus, there are 
likely fundamental differences in the pathophysiology of 
tumors requiring surgery in comparison with those that 
do not, and such nuances likely extend to tumors arising 
in the setting of MEN1. This question has not been specifi-
cally addressed in the literature by limiting analysis to pa-
tients with MEN1 who required pituitary tumor resection.

Despite previous studies of pituitary disease in MEN1, 
few have assessed the outcomes of patients with asymp-
tomatic pituitary adenomas, and none have analyzed the 
probability of tumor progression and the likelihood of sur-
gical intervention.

Another controversial aspect of care for patients with 
MEN1 syndrome is defining the appropriate level and na-
ture of surveillance. While the nature of the disease pro-
cess is to have lesions develop in multiple organ systems 
over time, the timing of this progression is not well de-
scribed.

The objective of this study was to characterize pituitary 
tumors arising in the setting of MEN1 at a single institu-
tion, including patients with asymptomatic adenomas, and 
describe their outcomes. We also report a novel finding in 
the timing and progression of lesions in MEN1 patients 
that may help with disease surveillance.

Methods
This study was approved by our institutional review 

board. A prospectively collected internal database linked 
to our institution’s electronic medical record was used 
to identify patients with a clinical diagnosis of MEN1 
treated at our institution between 1970 and 2017. Patients 
were considered to have MEN1 if they had tumors aris-
ing from at least 2 of the 3 main MEN1-associated tissues 
(pituitary, parathyroid, or pancreas); if they had any single 
cardinal tumor and a first-degree relative affected by the 
syndrome; or if they had a germline inactivating MEN1 
gene pathogenic variant, in accordance with accepted 
guidelines.16 Patient demographics, tumor characteristics, 
treatment strategies, and outcomes were recorded.

Endocrinology, Ophthalmology, and Radiology 
Evaluations

All patients underwent a baseline preoperative hormone 
evaluation, and the workup for functional adenomas was 
performed in collaboration with the endocrinology and 

neuro-ophthalmology teams. In patients with nonfunc-
tioning pituitary microadenomas (< 1 cm), follow-up MRI 
was performed every 2–3 years, and PRL and insulin-like 
growth factor–1 (IGF-1) levels were obtained annually. For 
patients with nonfunctioning macroadenomas (> 1 cm) 
or those who underwent a transsphenoidal resection, the 
follow-up consisted of annual MRI and PRL, IGF-1, free 
T4, cortisol, and gonadal steroid measurements. Follow-
up visual fields are only done if the adenoma contacted 
the optic apparatus. Tumor progression was defined when 
there was a significant growth on follow-up MRI.

Patients with newly diagnosed MEN1 undergo follow-
up with annual blood tests for calcium, pancreatic neu-
roendocrine tumor markers (gastrin, glucagon, pancreatic 
polypeptide, and chromogranin A), and pituitary tumor 
markers (PRL and IGF-1), pituitary-directed head MRI 
every 2–3 years, imaging of the pancreas with either pan-
creas CT or endoscopic ultrasound every 1–2 years (every 
year when younger and every 2 years when older), and 
chest CT every 5 years.

Remission Criteria
In secreting adenomas, remission was determined us-

ing modern criteria: in patients with growth hormone 
(GH)–secreting tumors, IGF-1 level in the age-adjusted 
normal range and a GH level less than 1.0 µg/L from a 
random GH measurement;17 and in patients with Cushing’s 
disease, morning serum cortisol ≤ 5 µg/dl or urinary free 
cortisol < 10–20 µg/dl within 7 days of selective tumor 
resection.18 Urinary free cortisol levels and/or salivary 
cortisol were evaluated subsequently every 3–6 months 
postoperatively for 2 years and annually thereafter to rule 
out recurrence. Patients with PRL-secreting tumors were 
considered in remission if their plasma PRL level returned 
to normal without visible radiological tumor remnants and 
without requiring dopamine agonist therapy.

The indications for surgical intervention in patients 
with prolactinomas included medication intolerance, re-
sistant tumors, and patient preference.

Statistical Analysis
Continuous data are presented as the median with range 

and categorical variables as percentages. The Kruskal-
Wallis test was used to analyze continuous variables, and 
the chi-square test was used for categorical variables. The 
period of tumor occurrence was defined as the time from 
date of birth to the date of tumor diagnosis. The median 
delay between initial and subsequent tumors was defined 
as the time from diagnosis of the first tumor to the diag-
nosis of a subsequent lesion. Kaplan-Meier analysis was 
used to estimate the rate of developing outcomes (i.e., time 
to first tumor, time to pituitary tumor, median delay). Sex 
differences in the time to tumor occurrence were tested 
using the log-rank test. Cox proportional hazard models 
were used to assess the association of risk factors on the 
time to tumor diagnosis. Logistic regression was used to 
determine independent risk factors for positive MEN1 
gene testing. For all analyses, p < 0.05 was considered sta-
tistically significant. All analyses were performed using 
SAS version 9.3 (SAS Institute).
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Results
Patient Demographics

Two hundred sixty-eight patients with MEN1 were in-
cluded. There were 158 (59%) females and 110 (41%) males. 
Genetic testing for MEN1 germline mutation was per-
formed in 101 patients (37.7%), and it was positive in 90 
patients (89.1%). The remaining patients met clinical diag-
nostic criteria of MEN1 as follows: 103 (38.4%) patients had 
a positive family history along with at least 1 canonical neo-
plasm; 75 (28%) patients had no known family history but 
had at least 2 MEN1-associated neoplasms. Table 1 summa-
rizes the diagnostic criteria met for the patients in the study.

Among this cohort of MEN1 patients, we encountered 
139 patients (52%) with pituitary adenomas. There was a 
higher prevalence in women than in men (65% vs 35%, p 
< 0.005). The mean age at onset of pituitary adenoma was 
36 years with a range between 5 and 80 years. In addition 
to pituitary adenomas, patients were also diagnosed with 
parathyroid adenomas in 221 cases (82%), enteropancre-
atic tumors in 200 cases (74%), adrenal tumors in 52 cases 
(19%), and carcinoid tumors in 30 cases (11%). The pitu-
itary tumor was the sole neoplasm in only 7 (5%) cases. 
These data are summarized in Table 2.

Pituitary Adenoma Characteristics
Among the 139 pituitary adenomas, 79 (57%) were 

functional and 60 (43%) were nonfunctional. There were 
38 macroadenomas (27%) and 101 microadenomas (73%). 
The median macroadenoma size at maximum diameter 
was 17 mm (range 10–80 mm). Macroadenomas were 
more likely to be symptomatic and locally aggressive, ac-
counting for all patients with visual deficit (13 patients), 
all tumors with suprasellar extension (14 patients), and 
15 of 16 (94%) tumors showing cavernous sinus invasion 
(Knosp grade III or IV) (p < 0.001). PRL-secreting ad-
enomas were the most common functional tumors (n = 
60, 76%), followed by plurihormone (PH)–secreting ad-
enomas (all secreted PRL and another hormone; n = 9, 
11%), GH-secreting adenomas (n = 6, 8%), and adrenocor-
ticotropic hormone (ACTH)–secreting adenomas (n = 4, 
5%). PH-secreting tumors were large and locally aggres-
sive, with 7 macroadenomas (78%), 3 (33%) with suprasel-
lar extension, 3 (33%) with cavernous sinus invasion, and 
2 (22%) resulting in visual defects. PH-secreting tumors 
were more likely to be a macroadenoma than were tumors 
producing a single hormone (p = 0.047). These results are 
summarized in Table 3.

Treatment Strategies, Outcomes, and Follow-Up
Forty-nine patients (35%) underwent transsphenoidal 

resection, and 90 patients (65%) were observed or treat-
ed with dopamine agonist therapy. Of the 49 patients, 13 
(27%) had nonfunctional and 36 (73%) had functional ad-

TABLE 1. Diagnostic criteria in 268 patients with MEN1 

Menin 
Mutation

Family 
History

Pituitary 
Tumor

Parathyroid 
Tumor

Enteropancreatic 
Tumor

No. of Pts 
(%)

Pts w/ family Hx 
MEN1 & occurrence  
of MEN1-assoc 
tumors

− + + − − 1 (0.4)
− + − + − 16 (6)
− + − − + 4 (1.4)
− + + + − 5 (1.9)
− + − + + 35 (13.1)
− + + − + 3 (1.1)
− + + + + 39 (14.5)

Total 103 (38.4)

Pts w/ ≥2 primary 
MEN1-assoc tumors 
w/o family Hx MEN1

− − + + − 17 (6.3)
− − − + + 29 (10.8)
− − + − + 4 (1.5)
− − + + + 25 (9.3)

Total 75 (28)

No. of pts w/ menin 
gene mutation

+ +/− + − − 6 (2.2)
+ +/− − + − 9 (3.6)
+ +/− − − + 4 (1.4)
+ +/− + + − 9 (3.4)
+ +/− − + + 27 (10)
+ +/− + − + 3 (1.1)
+ +/− + + + 27 (10)
+ +/− − − − 5 (1.9)

Total 90 (33.6)

Assoc = associated; Hx = history of; pts = patients; + = positive; − = negative; +/− = there might/might not be a family 
history.
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enomas. Of these 49 patients, surgery was the first line 
of treatment in 41 patients (84%). Eight patients (20%) 
had nonfunctional adenomas, and 33 patients (80%) had 
functional adenomas: 21 (64%) PRL-secreting, 5 (15%) 
PH-secreting, 4 (12%) GH-secreting, and 3 (9%) ACTH-
secreting adenomas. The indication for surgery in these 
41 patients was the presence of visual symptoms or cav-
ernous sinus invasion in 24 patients (59%) and patient 
preference in 17 (41%). The tumors in 3 patients (6%) 
with functional adenomas failed dopamine agonist ther-
apy and required a subsequent surgery. Of the 36 patients 
with functional adenomas who underwent a transsphe-
noidal resection, 29 (81%) achieved remission. Of the 
patients who did not achieve remission (n = 7, 19%), 3 
(43%) had a PH-secreting, 3 (43%) had a PRL-secreting, 

and 1 (14%) had a GH-secreting adenoma. The median 
follow-up period in the group of patients with functional 
tumors who underwent a transsphenoidal resection was 
18 years (range 1–41 years).

In 52 patients who were initially observed with asymp-
tomatic nonfunctional pituitary adenomas with 298 pa-
tient-years of follow-up, only 5 (10%) progressed to need 
surgery. The main reason for surgery was tumor growth 
and proximity to the chiasm, but none of these patients 
had visual deficits or pituitary dysfunction. The median 
time between diagnosis and surgery for these 5 patients 
was 99 months (range 2–291 months). The Kaplan-Meier 
plot of these patients is shown in Fig. 1. Three patients 
with nonfunctional adenomas underwent surgery as their 
first line of treatment secondary to visual impairment. 
The median follow-up period for the surgical patients with 
nonfunctional adenomas was 9 years (range 1–37 years).

Tumor recurred in 10 patients (9 in the surgical group 
and 1 in the nonsurgical group), which prompted treatment 
with fractionated radiotherapy (20%). The latter patient 
had a giant PH-secreting tumor and elected for dopamine 
agonist therapy. The tumor progressed despite treatment, 
and the patient underwent radiotherapy. The remaining 
patients who were observed or treated with dopamine ago-
nist therapy did not need other types of adjuvant therapy. 
The median follow-up period for the nonsurgical patients 
was 7 years (range 1–30 years). During this follow-up pe-
riod, 28 patients (20%) died (16 in the surgical group and 
12 in the nonsurgical group). None of the deaths were re-
lated to pituitary adenomas. Twelve patients (9%), all in 
the nonsurgical group, were lost to follow-up.

Timing of MEN1 Features
The median age at diagnosis of the first cardinal MEN1 

tumor was 32.5 years (range 3–83 years) and 38 years 
(range 6–74 years) for males and females, respectively 
(p = 0.17). Hypercalcemia may have emerged earlier but 
without a proper diagnosis of MEN1. Kaplan-Meier and 
Cox analyses were used to determine the median delay 
between an initial and subsequent cardinal tumor (Table 
4). Parathyroid tumors typically present initially and are 
subsequently followed by pituitary, pancreatic, adrenal, 
carcinoid, and then adrenal tumors (p = 0.0037). Consis-
tent with this, the median time to a second MEN1 tumor 
if the initial tumor was a parathyroid tumor was 14.6 years 
versus 11 years (range 3–22 years) following an initial 
pancreatic lesion, 2.5 years following an initial adrenal 
tumor, 2.0 years following a pituitary tumor, and only 5 
months following a carcinoid tumor (p = 0.0007).

Discussion
A prior case series from our institution of 52 patients 

with MEN1 who underwent resection of pituitary neo-
plasms revealed a propensity toward PRL- and GH-pro-
ducing tumors without significant differences in tumor 
size, invasiveness, or demographic factors such as age or 
sex.10 In a subsequent large multicenter retrospective study 
of 324 patients with MEN1 including 136 patients (42%) 
with pituitary disease, 62% secreted PRL, 9% secreted 
GH, 4% secreted ACTH, and 10% were multihormonal.5 

TABLE 2. Distribution of the main endocrine lesions among the 
268 patients

Feature Female Male Total

Total MEN1 pts in cohort 158 110 268
Family Hx MEN1 86 77 163
Menin gene mutation present 52 38 90
Median age at MEN1 diagnosis, 
yrs (range)

38 32.5 36 (3–83)

Diagnosed pituitary tumor 90 49 139
Median age at pituitary tumor  
diagnosis, yrs (range)

35.5 36 36 (5–80)

Pituitary surgery performed 36 13 49
Median age at pituitary surgery, 
yrs (range)

36 32.5 37 (14–75)

Diagnosed parathyroid tumor 141 97 238
Median age at parathyroid tumor 
diagnosis, yrs (range)

38 32 36 (6–83)

Parathyroidectomy 131 90 221
Median age at parathyroidectomy,  
yrs (range)

35 32 33 (7–80)

Pancreatic tumor diagnosis 121 79 200
Median age at pancreatic tumor  
diagnosis, yrs (range)

40 30 40 (7–83)

Pancreatectomy 64 54 118
Median age at pancreatectomy,  
yrs (range)

40.0 41 40 (7–74)

Adrenal tumor diagnosis 30 22 52
Median age at adrenal tumor  
diagnosis, yrs (range)

45.5 43.5 44.5 (17–77)

Adrenalectomy 6 4 10
Median age at adrenalectomy, yrs 
(range)

51.5 49 50 (31–63)

Carcinoid diagnosis 15 15 30
Median age at carcinoid diagnosis,  
yrs (range)

44 41 42 (21–68)

Carcinoid resection 4 7 11
Median age at carcinoid resection,  
yrs (range)

57 48 52 (33–63)

Values represent the number of patients unless stated otherwise.
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These percentages are consistent with the data found in 
our study for patients with MEN1 in whom surgery was 
performed. Prolactinomas were less likely than other tu-
mor types to be macroadenomas and were diagnosed at 
younger ages. This finding was again consistent with pre-
viously published reports and likely reflects the earlier 
clinical attention attained by prolactinomas due to symp-
tomatic amenorrhea and galactorrhea.

The prevalence of macroadenomas in our MEN1 cohort 
(27%) was lower than that in Vergès and colleagues’ pre-
vious report (85%).5 However, macroadenomas tended to 
be more aggressive in suprasellar extension, invasiveness, 
and compromise of vision and thus more often managed 
surgically. Interestingly, functional PH tumors were more 
likely to become macroadenomas. It is unclear whether 
this finding represents an underlying increase in the pro-
liferative index of PH tumors such that the lag time be-
tween initiation and presentation is reduced, lower blood 
levels of individual hormones such that there is increased 
time to clinical detection, and/or delayed diagnosis sec-
ondary to a more nuanced clinical picture in the setting 
of multiple hormonal dysregulation syndromes. Further-
more, given that Vergès et al.’s series was published in 

1991, it is also likely that MRI resolution has improved in 
the intervening time, making it easier to identify smaller 
tumors. Therefore, a shift from 85% macroadenomas to 
27% in this study could be explained by a detection bias.

The prevalence of pituitary disease in our series was 
52%, higher than frequencies reported by Marx et al. 
(47%),19 O’Brien et al. (43%),10 Vergès et al. (42%),5 de Laat 
et al. (38%),8 Giusti et al. (37%),20 Wu et al. (32%),12 Bur-
gess et al. (18%),4 and Trump et al. (29.5%).21 However, 
this rate was lower than that reported by Ito et al. (58%).3 
Pituitary disease was the first manifestation of MEN1 in 
22% of cases, similar to rates in previous reports.9,22 The 
incidence of concurrent primary hyperparathyroidism 
(82%) and enteropancreatic (74%) neuroendocrine tumors 
was also similar to previous literature.5,8,12 However, again, 
given the ability to detect smaller tumors within the pitu-
itary gland with higher-resolution MRI, this may impact 
these numbers and demonstrate a shift toward earlier de-
tection of concomitant disease and improved surveillance. 

TABLE 3. Summary of clinical and demographic characteristics of 139 patients with MEN1 and 
pituitary adenomas

Type
No. of Pts 

(%)
Sex

Age, Yrs*
Size

VS CSIMale Female Macro Micro

NF 60 (43.2) 22 (36.7) 38 (63.3) 41 (5–80) 10 (16.7) 50 (83.3) 3 (1.7) 5 (8.3)
PRL 60 (43.2) 19 (31.7) 41 (68.3) 30 (14–73) 18 (30) 42 (70) 6 (10) 6 (10)
PH 9 (6.5) 6 (66.7) 3 (33.3) 38 (15–62) 7 (77.8) 2 (22.2) 2 (22.2) 3 (33.3)
GH 6 (4.3) 2 (33.3) 4 (66.7) 47 (37–69) 2 (33.3) 4 (66.7) 1 (16.7) 1 (16.7)
ACTH 4 (2.9) 0 4 (100) 32 (20–55) 1 (25) 3 (75) 1 (25) 1 (25)

CSI = cavernous sinus invasion (Knosp III or IV); macro = macroadenoma; micro = microadenoma; NF = nonfunctional; 
VS = visual symptoms.
* Median age at diagnosis (range).

TABLE 4. Timing of tumors

Median Age 
(yrs) at  

Occurrence  
of 1st Tumor

p Value 
(log rank)

Time to any 1st tumor by sex 0.17
 Female 38
 Male 32.5
Time to 1st tumor by type 0.0037
 Parathyroid 31.5
 Pituitary 35.6
 Pancreatic 41.5
 Adrenal 49.3
 Carcinoid 51.4
Time to 2nd tumor given 1st tumor type 0.0007
 Parathyroid 14.6
 Pituitary 2.0
 Pancreatic 11.4
 Adrenal 2.5
 Carcinoid 0.39FIG. 1. Kaplan-Meier plot of the time from detection to surgery in 

patients with incidentally found nonfunctional adenomas.
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Presenting symptoms of MEN1 were comparable with 
those in previous literature, with the greatest presentations 
related to symptoms of hyperparathyroidism.

The increased female-to-male ratio in MEN1 patients 
with pituitary adenoma is similar to what has been ob-
served in prior studies of both MEN1 and non-MEN1 pa-
tients.5,8,10,13,23 As MEN1 occurs in the setting of a somatic 
pathogenic variant, it is likely that behavioral patterns are 
responsible for the increased representation in female pa-
tients. While estrogens are implicated in pituitary hyper-
plasia, lactotroph replication, and pathogenesis of pituitary 
adenomas,14 prolactinomas were found at similar rates in 
males and females.

It is important to understand the natural history of 
asymptomatic nonfunctional adenomas for their treatment 
management and follow-up.24–26 In this study, we found that 
of 52 patients with a total of 298 patient-years of follow-
up, only 5 had tumor progression. Therefore, observation 
appears to be a very safe strategy. Furthermore, this may 
suggest the natural history of any pituitary tumor, with or 
without MEN1, that presents asymptomatically can be ob-
served safely in most patients.

Defining the appropriate level of care and nature of sur-
veillance in patients with MEN1 has been a controversial 
topic. Current practice guidelines for the management of 
patients with MEN1 suggest that presymptomatic lesion 
treatment may benefit patient outcomes.16 In our series, 
parathyroid tumors developed at the lowest median age of 
all cardinal tumors, and development of additional cardi-
nal MEN1 lesions followed a predictable pattern. An ini-
tial parathyroid lesion is most likely followed in order by 
a pituitary, pancreatic, adrenal, and, finally, rare carcinoid 
tumors. A characteristic pattern of disease progression 
given a specific type of initial tumor could have signifi-
cant implications for disease surveillance in clinical prac-
tice and may help to target clinical resources to the lesions 
most likely to develop next. This may aid with early detec-
tion and treatment. Representing a shift in management 
of pituitary tumors, a fair number of tumors in this series 
are now under surveillance, and we plan on reporting our 
experience with this in a subsequent paper.

Testing a patient for MEN1 with a germline mutation 
is reserved for patients with 2 or more primary MEN1 tu-
mor types, all first-degree relatives of known MEN1 muta-
tion carriers, and individuals with suspicious or atypical 
MEN1 (e.g., multiple parathyroid tumors, gastrinoma, or 
multiple pancreatic neuroendocrine tumors).16 We believe 
that all patients with newly diagnosed pituitary tumors 
should be screened for MEN1, but not with germline mu-
tation testing. Instead, serum calcium should be measured 
due to the high penetrance of primary hyperparathyroid-
ism in MEN1. If the serum calcium is normal, the risk of 
having MEN1 is very low.

Limitations
We acknowledge the limitations of this study, which 

include those inherent to an observational retrospective, 
single-center study. However, given the rarity of this 
disease, this large, single-institution cohort can provide 
valuable guidance to clinicians. Another limitation to this 
study is the absence of a control group of patients with pi-

tuitary adenomas without MEN1 to compare the primary 
outcomes.

Conclusions
Pituitary tumors occurring in the setting of MEN1 share 

many of the clinical features of sporadic pituitary tumors. 
Observation with serial MRI in patients with nonfunction-
al asymptomatic pituitary adenomas with MEN1 appears 
to be a safe management strategy. An ordered progression 
of lesion development may potentially allow the clinician 
to manage active lesions while proactively devoting clini-
cal attention to lesions most likely to become clinically ap-
parent in the near term. Such a strategy may help to reduce 
the anxiety of surveillance for both patients and practition-
ers and increase treatment efficiency.
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