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General introduction

Chapter 1

Introduction and outline of thesis
As early as 1953 Underdahl et al. described a case series of eight patients suffering
from a syndrome of multiple endocrine adenomas, who presented at the Mayo
Clinic and another 14 cases found in literature.(1) One year later Wermer found out
that the syndrome was inherited in an autosomal dominant manner, by describing the
cases of four sisters and their father with multiple endocrine tumors.(2) Those
patients presented with tumors of the pituitary, parathyroids and pancreatic islets. In
addition, in the series of patients of Underdahl, three peptic ulcers and one adrenal
adenoma were found.(1) This syndromic occurrence of multiple endocrine tumors
would later be known as Multiple Endocrine Neoplasia type 1 (MEN1), and also
leiomyomas, angiofibromas, collagenomas, meningiomas, and, in 2014, even breast
cancer were found to be associated with MEN1.(3)
In 1997 the genetic basis of MEN1 was established by finding the location of the
MEN1 gene at the gene 11q13.(4;5) The MEN1 gene is a tumor supressor gene
consisting of ten exons and mutations are found scattered throughout the entire
gene. The protein product is a 610-amino acid protein, called menin.(6) Experimental
data identified tissue-specific roles of menin in DNA repair and in regulation of gene
transcription.(7;8) However, even when the most advanced techniques are used, a
mutation in the MEN1 gene is not found in all patients. Up until now, there is
international consensus that the simultaneous presence of at least two of the three
characteristic tumors (pituitary, parathyroids and pancreatic islets) without a mutation
of the MEN1 gene can also be considered pathognomonic for Multiple Endocrine
Neoplasia type 1 (MEN1).(9) It is yet unclear if this international consensus in tenable
since literature on the phenotype and course of the disease of mutation negative
patients is lacking.

Prevalence of MEN1 is low with estimates ranging around 1-10/100.000, however,
MEN1 significantly affects life expectancy and quality of life of those affected.(5) Life
expectancy is estimated to be 27 years lower in MEN1 patients, although recent
studies indicate that life expectancy can be improved by proper follow-up and
treatment according to the recent guidelines.(10;11) Indeed, the current clinical
practice guidelines improved the care of MEN1 patients. Still many questions remain
regarding the optimal diagnosing, follow-up, and treatment of the disease.(9) In the
8
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present thesis we therefore aim to find evidence based answers to some of the most
important issues in the diagnosing of and the care for MEN1 patients as outlined
below, using the unique data from the DutchMEN1 study group (DMSG).
DutchMEN1 study group
The DutchMEN1 study group (DMSG) was founded to optimize care for MEN1
patients by evidence based medicine. The DMSG database is unique for its longterm follow up data from a nationwide and unselected cohort of MEN1 patients.

1

Previous studies often had to rely on data of patients who were often referred to
expert centers because of an unfavorable course of the disease. In the Netherlands,
care for MEN1 patients is highly centralized, with over 90% of Dutch MEN1 patients
being treated in one of the eight University Medical Centers (UMCs).(12) All Dutch
UMCs took part in the study group. After a standard procedure for identifying
patients, clinical data (laboratory results, radiological and endoscopic imaging,
surgery, medical treatment and pathology results) were collected for every quarter
per year from 1990 onwards using a standardized protocol which was based on predefined study questions.

PART I: Diagnosis of MEN1
Correct and timely diagnosis of MEN1 is of utmost importance. Manifestations of
MEN1- associated tumors have been described in patients as young as five years,
and there is increasing evidence that early detection and treatment of MEN1associated tumors leads to an improved life expectancy.(9-11) Broad consensus
exists that all first degree relatives, including the asymptomatic, of a patient with a
known MEN1 mutation should be tested as early as possible from the age of five.
Early testing will also reveal the 50% of family members not affected that can be
reassured and need not to be followed up. However, even with new highly sensitive
methods for genetic testing, no mutation can be found in approximately 10% of
MEN1 patients meeting the clinical criterion for diagnosing MEN1 (simultaneous
occurrence of at least two out of three major tumors (pituitary, parathyroid and
pancreatic islets).(6) This phenomenon is also referred to as ‘phenocopies’. Over the
past few years discussion have been raised if such patients are correctly diagnosed
as having MEN1. Of particular importance to this discussion are the newly found
mutations in the cyclin-dependent kinase inhibitor (CDKN1B), which can cause a
9
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MEN1 mimicking syndrome of parathyroid and anterior pituitary tumors.(13)
Phenocopies might have another, course of disease than mutation positive MEN1
patients and may therefore not benefit from the follow-up as performed according to
MEN1 protocols. In chapter 2 we therefore assessed the prevalence and incidence
of MEN1 manifestations, and survival of MEN1 patients compared between patients
with a MEN1 mutation on the one hand and mutation negative patients on the other
hand.

The current guidelines advice genetic screening for index cases only when they meet
clinical criteria for diagnosing MEN1 or when there is high suspicion for (atypical)
MEN1, which is defined as: parathyroid adenoma below the age of 30 years (or
below the age of 40 years in multigland parathyroid disease); gastrinoma, or multiple
pancreatic neuroendocrine tumors (NETs) at any age; or individuals who have two or
more MEN1-associated tumors that are not part of the classical triad of
hyperparathyroidism, pancreatic NET, and anterior pituitary tumors (e.g.
hyperparathyroidism plus adrenal adenoma).(9) Many feel that these criteria may be
too conservative, leading to a delay in diagnosis of MEN1.(14) In daily clinical
practice individual physicians have to decide if mutation testing is indicated in
patients with one or more endocrine tumors who are not from a known MEN1 family.
Therefore, there is a need for a tool to predict the prior chance for having a MEN1
mutation in case of apparently sporadically occurring endocrine tumors in patients. In
chapter 3 we therefore evaluated the current approach for performing MEN1
mutational analysis for index cases in the day-to-day clinical setting. We
subsequently designed a tool for predicting the prior chance for having a MEN1
mutation in patients who are not from a known MEN1family.

PART II: Early detection and follow-up of MEN1-associated tumors
Survival and cause of death in MEN1 has dramatically changed over the past
decades. In early cohorts, peptic ulcers (secondary to gastrinoma) were the single
most common cause of death.(15;16) With the introduction of proton pump inhibitors
death from peptic ulcer disease has now become extremely rare. In a recent review
of causes of death in 104 MEN1 patients from the French/Belgium GTE group, peptic
ulcer was cause identified as the cause of death in 14.5% of patients diagnosed
before 1990 and only 2.8% in patients diagnosed after 1990.(17) Also other
10
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complications from endocrine disease such as renal failure in hyperparathyroidism,
hypoglycemia and acute hypercalcemia are extremely rare nowadays.(17;18)
However, approximately two thirds of MEN1 patients still die from MEN1 related
causes. The cause of death has shifted towards local or metastatic progression of
malignant NETs, most commonly from the pancreas or thymus. Focus of care and
follow-up in MEN1 patients has therefore shifted towards early detection, stringent
follow-up and timely treatment of these (neuro-)-endocrine tumors. In the second part
of this thesis we assessed the usefulness of the current recommendations for early

1

detecting, follow-up and treatment of (neuro-)endocrine tumors for clinical practice.
Table 1. Suggested biochemical and radiological screening in patients with MEN1
(according to current clinical practice guidelines)
Tumor
Parathyroid
Pancreatic NET
Gastrinoma
Insulinoma
Other pancreatic NET

Age to
Begin (y)

Biochemaic test (plasma
or serum) annually
8 Calcium, PTH

20 Gastrin (± gastric PH)
5 Fasting glucose, Insulin
<10 Chromogranin-A; pancreatic
polypeptide, glucagon, VIP
Anterior pituitary
5 Prolactin, IGF-1
Adrenal
<10 None unless symptoms or signs of
functioning tumor and/ or tumor>1
cm are identified on imaging
Thymic and lung NET
15 None
Abbreviation: NET, neuro- endocrine tumor

Imaging test (time
interval)
None
None
None
MRI, CT, EUS (annually)
MRI (every 3 yr)
MRI or CT
(annually with pancreatic
imaging)
CT or MRI (every 1-2 yr)

The current guidelines advice annual biochemical screening for pancreatic tumors,
however evidence for this advice is meager.(9) In chapter 4 we therefore assessed
the validity of the tumor markers glucagon, pancreatic polypeptide and chromogranin
A for the early detection of pancreatic NET for clinical practice.
Only few studies are available on the occurrence, clinical course and outcome of
interventions for lung and thymic NETs. This is important because metastasized
thymic NET is one of the major causes of MEN1 related death, after pancreatic
NETs. For lung NETs the guidelines currently advice early curative surgery, however
only a few small studies are available on the clinical behavior of lung NETs. We
therefore focused in chapter 5 on these thoracic manifestations of MEN1. The aim of
the study of chapter 5 was to describe the natural course and prognosis of lung and
thymic NETs. Therefore we assessed the follow-up of the thoracic tumors by
longitudinal analyses.
11
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Pituitary tumors are generally relative benign tumors, but can significantly affect the
quality of life of MEN1 patients. In the few reports which are available on MEN1
related pituitary tumors it was concluded that pituitary tumors in MEN1 behave more
aggressive and are more resistant to medical treatment.(19;20) If the tumors behave
more aggressive these tumors should consequently be followed up more strict and
treated more aggressive than sporadically occurring pituitary tumors. Indeed the
guidelines suggest that pituitary tumors in MEN1 may more often require surgical
treatment.(9) However, the available literature is from earlier years, largely before the
intensive screening program was introduced, and from one study group. To come to
an evidence based advice for the screening, follow-up and treatment more up-to-date
outcomes of an unselected population are necessary. Therefore, in chapter 6 we
investigated the outcomes of the screening for, and the natural course of pituitary
tumors in MEN1 patients included in the DMSG database.

In chapter seven the findings of this thesis are discussed in the light of the available
literature and clinical practice guidelines. The consequences for day-to-day care are
discussed and suggestions for adjusting the current guidelines are given.
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Abstract
Objective
Multiple Endocrine Neoplasia type 1 (MEN1) is diagnosed when two out of the three
primary MEN1 associated endocrine tumours (i.e. parathyroid adenoma,
enteropancreatic tumour and pituitary adenoma) occur in a patient . However, in up
to 10% of those patients no mutation is found in the MEN1 gene. It is unclear if the
phenotype and course of the disease of mutation negative patients is comparable
with mutation positive patients.
Methods
A cohort study was performed using the Dutch MEN1 database, including >90% of
the Dutch MEN1 population >16 years (n=323).
Results
A total of 293 (90.7%) mutation positive and 30 (9.3%) mutation negative MEN1
patients were included. The median follow-up from the moment of MEN1 diagnosis
was 8 years (range 0 – 44 years). The median age of developing the first main MEN1
manifestation was higher in mutation negative patients (46 vs. 36 yrs) (P = 0.01). In
mutation negative patients, a third primary MEN1 manifestation didn’t occur in the
course of follow-up (median 8 years). In contrast, 42% of mutation positive patients
developed a third MEN1 manifestation (P = 0.001). Median survival in mutation
positive patients was 73.0 years compared to 84.0 years in mutation negative
patients (P=0.013).
Conclusion
Mutation positive and mutation negative MEN1 patients have a different phenotype
and clinical course of the disease. MEN1 manifestations occur at a higher age in
MEN1 negative patients and they have a better life expectancy than mutation positive
patients. The differences in clinical course suggest that MEN1 mutation negative
patients do not have true MEN1, but another MEN1 like syndrome or sporadic coincidence of two neuro-endocrine tumors.
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Introduction
Multiple Endocrine Neoplasia type 1 (MEN1) is a rare autosomal inherited disorder
with an estimated prevalence of 1-10/100.000 and is characterized by the occurrence
of three primary manifestations: primary hyperparathyroidism (pHPT),
duodenopancreatic neuroendocrine tumours (dpNET) and pituitary tumours.(1;2)
According to the present clinical practice guidelines MEN1 is diagnosed based on
clinical, familial or genetic criteria. On the basis of clinical criteria MEN1 is diagnosed
if at least two out of the three primary MEN1 manifestations occur in a patient.(3)
MEN1 is diagnosed on the basis of familial criteria if a patient has a MEN1
manifestation in combination with a first degree family member with MEN1. The

2

identification of a germline MEN1 mutation in an individual who may be asymptomatic also confirms the diagnosis of MEN1.

In up to 10% of patients who were diagnosed on clinical criteria, no mutation is found
in the MEN1 gene.(4) Research concerning other genes has been performed trying
to explain the MEN1 clinical phenotype in cases of a mutation negative MEN1
syndrome.(5;6) Recently in a small series of patients, a very small proportion of the
mutation negative MEN1 patients appeared to have a mutation in the CDKN1B
gene.(7) These patients presented with pituitary and parathyroid tumors and no
pancreatic tumors were diagnosed. The course of the disease appeared also to be
different in these patients and therefore the term MEN4 was introduced.(8)

For MEN1 patients, the early detection of MEN1 associated tumours and subsequent
interventions seem to lead to a more favorable course of the disease with a
subsequent improved survival.(9;10) Consequently, the current guidelines advise an
intensive follow-up of patients with frequent laboratory and radiological investigations
for all patients irrespective of age.(3) It is however unclear if mutation negative
patients are also at risk for developing further MEN1 related (neuro-)endocrine
tumours and benefit equally from this intensive follow-up as mutation positive
patients. Up to now, data on the penetrance of clinical manifestations and survival of
MEN1 patients, irrespective their mutational status, are based on single- or
sometimes multi-institution studies of mainly tertiary referral centers which may have
led to a selection of patients included in the studies.(11-16)
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Therefore, the aim of the present study was to compare the long-term clinical course
of the disease of the MEN1 gene mutation positive patients with MEN1 gene
mutation negative patients included in the national Dutch MEN1 cohort including
> 90% of the MEN1 population. We studied incidence, age-related penetrance of
MEN1 related manifestations, and survival in both groups of patients. Furthermore,
the national cohort of mutation negative patients were invited to undergo additional
genetic testing including the assessment of mutations in the CDKN1B-gene.
Methods
Study design and patients
The study was performed using data from the DutchMEN1 study group (DMSG)
database. This longitudinal database includes >90% of all Dutch MEN1 patients,
aged 16 years and older at the end of 2010, treated at one of the Dutch University
Medical Centers (UMCs) between 1990 and 2011.(17) Data of all identified patients
were collected according to a protocol which was based on predefined study
questions from every quarter of every available year of follow-up during the period
1990 – 2011. The study protocol was approved by the Medical Ethical Committees
(METC) of all UMCs in the Netherlands.
We assessed follow-up of patients with a known MEN1 gene mutation (mutation
positive) and patients with a negative MEN1 gene mutation test who had two out of
the three primary MEN1 manifestations (mutation negative).

Definitions of MEN1 manifestations
We defined pHPT as hypercalcemia combined with elevated or inappropriately nonsuppressed parathyroid hormone (PTH) levels in two consecutive measurements.
Reference test for the presence of pNET was the outcome of pathology examination.
If pathology was not available, pNET presence was based on magnetic resonance
imaging (MRI), computed tomography (CT) or endoscopic ultrasound (EUS), which
had to be confirmed at least once by consecutive imaging studies. The absence of
pNET also had to be confirmed on a minimum of two subsequent imaging studies
during follow-up.(18) A duodenal NET was diagnosed with gastroduodenoscopy and,
if available by pathology. A duodenopancreatic neuroendocrine tumor (dpNET) was
diagnosed according to the reference standard of pNET and duodenal NET.
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Reference standard for the presence of PIT was (1) pathology or (2) radiological
examination demonstrating a PIT. Details for the reference standard of PIT have
been described previously.(19) Thymic-NET (Th-NET) was diagnosed based upon
the results of pathology examination. Patients were considered to have a lung-NET if
(1) pathology examination showed lung-NET or (2) radiological examination was
positive for lung-NET, as previously described.(20) Gastric NET was diagnosed by
gastroduodenoscopy and had to be confirmed by pathology. An adrenal tumor (ADR)
was diagnosed based on pathology, and if pathologic examination was not available,
on radiological imaging (CT or MRI) which had to be confirmed on subsequent
imaging.

2

Genetic analysis
DNA was extracted from peripheral blood. The presence of a MEN1 mutation was
determined with DNA sequencing since 1998 and with a combination of DNA
sequencing and multiplex ligation-dependent probe amplification (MLPA) since 2005.
MLPA (MRC-Holland, Amsterdam, The Netherlands) is used for detecting large
deletions or duplications in the MEN1 gene.
In addition, mutation negative patients were invited to participate in a genetic
screening program for familial neuroendocrine tumors (including CDKN1B and AIP).
The presence of a CDKN1B and AIP mutation was determined by direct sequencing.
In addition, MLPA was used for AIP to detect large deletions or duplications (MRCHolland, Amsterdam, The Netherlands). Sequences were analysed with Sequencing
Analysis software version 5.2 (Applied Biosystems) and compared with the reference
sequences of each gene (Ensembl identifiers: MEN1 gene EST00000312049;
CDKN1B gene: NM_004064.4 and AIP gene: ENST00000279146) using SeqScape
software version 2.5 (Applied Biosystems). Primer sequences and PCR conditions
are available on request.

Outcome measures
The primary outcomes of the study were the age-related penetrance of the MEN1
manifestations. The secondary outcomes were the incidence of MEN1 manifestations
per 1000 patient years and the survival of patients. The primary and secondary
outcomes were compared between the mutation positive and mutation negative
patient groups.
21
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Statistical analysis
Age-related penetrance of the primary MEN1 manifestation and other MEN1associated tumors was estimated using the 1-Kaplan-Meier method. Age-related
penetrance was calculated for the age per manifestation, and for the age on which a
first, second, and third major MEN1 manifestation was diagnosed.
Subgroup analyses for mutation positive and mutation negative patients was
performed for the age of first, second, and third major MEN1 manifestation and the
occurrence of the first other MEN1-associated tumor. In addition, a subgroup
analyses was performed comparing patients in whom MEN1 was diagnosed because
of the occurrence of two of the primary MEN1 manifestations (index patients) who
were mutation positive on the one hand and mutation negative patients on the other
hand. Comparison of 1-Kaplan-Meier curves was made using the Log-rank test.
Survival was compared for mutation positive and mutation negative patients using
Kaplan-Meier method. Cause of death was subdivided in MEN1-related and nonMEN1 related. Comparison was made using the Log-rank test. Cause and age of
death was compared between mutation positive and mutation negative patients.
Incidence rate was calculated for the three primary MEN1 manifestations. For
calculation of the incidence only tumors detected at follow-up of the patients for the
MEN1 syndrome, i.e. after establishing the MEN1 diagnosis, were considered.
To describe clinical characteristics the mean ± SD or median with range was
calculated, depending on the normal distribution. Continuous variables were
analyzed by using independent sample t-test or Mann-Witney U test. Dichotomous
variables were compared with Fisher exact test or Chi-Square test.
Statistical significance was set at P < 0.05 and the analyses were conducted using
SPSS 20.0.
Results
Study population
In the period 1990 – 2011 a total of 323 MEN1 patients were included in the
database. There was a female predominance (n=188, 58.2%) and the patients were
part of 121 different MEN1 families. In a total of 293 (90.7%) patients a MEN1
mutation was found.
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The median age of diagnosis of MEN1 was 37 years (range 8 – 78). In MEN1 gene
mutation negative patients median age of diagnosis of MEN1 was 55 years (range 23
– 78), and was 20 years higher than the age of diagnosis of mutation positive MEN1
patients (median age MEN1 diagnosis 35 years (range 8 – 78 years)) (P < 0.001).

2

Figure 1. Age-related penetrance of the main MEN1 manifestations
A
B
C

Age-related penetrance of dpNET
Age-related penetrance of PIT
Age-related penetrance of pHPT

Clinical manifestations
In 88% of the patients at least one of the three main MEN1 manifestation was
diagnosed. Primary hyperparathyroidism occurred in the 81.7% of patients and was
diagnosed at a mean age of 36 years (SD 14 years). The youngest patient diagnosed
with pHPT was 11 years old. In 50,5% of patients a dpNET was diagnosed and PIT in
39.3% of patients. The mean age at diagnosis of dpNET and PIT was 39 yrs (SD 14
years) and 39 years (SD 15 years) respectively. Age-related penetrance for the three
main manifestations is presented in Figure 1A-C. The prevalence of other
manifestations associated with MEN1 was: gastric-NET in 3.4%; lung-NET in 13.0%;
thymic-NET in 3.4% and ADR in 29.1% of patients (Table 1). Median age and range
for all manifestations are presented in the supplementary appendix (Table S1).
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Table 1. Prevalence of MEN 1 manifestations
MEN1 manifestations

Number of patients
primary hyperparathyroidism
duodenopancretic NET
pituitary tumor
lung neuroendocrine tumor
thymic neuroendocrine tumor
gastric neuroendocrine tumor
adrenal tumor

Total
n (%)
323
264 (81.7)
163 (50.5)
127 (39.3)
42 (13.0)
11 (3.4)
11 (3.4)
94 (29.1)

Mutation
positive n (%)
293
236 (80.5)
156 (53.2)
102 (34.8)
42 (14.3)
11 (3.8)
11 (3.8)
93 (31.7)

Mutation
negative n(%)
30
28 (93.3)
7 (23.3)
25 (83.3)
0
0
0
1 (3.3)

Abbreviation: n, numer

Incidence of primary MEN1 manifestations
Because of the high penetrance, primary hyperparathyroidism was predominantly
diagnosed before or at the moment the MEN1 syndrome was diagnosed in the
patients. Therefore, the incidence of pHPT during follow-up was ‘only’ 116.7 per 1000
patient-years (95% Confidence Interval [C.I]: 88.1 – 151.5; 56 new cases in 119
patients followed 480 patient-years). Incidence of PIT was 35.6 per 1000 patient-year
(95% C.I.: 27.7 – 45.0; 69 new cases in 227 patients followed 1940.8 patients-years).
The incidence of dpNET was 63.2 per 1000 patient-years (95% C.I.: 51.7 – 76.5; 105
new cases in 239 patients followed for 1661.5 patient years.

Age related penetrance
The median age at which patients developed the first major manifestation was 10
years higher in MEN1 mutation negative patients: 45.8 years (95% C.I.: 39.6-52.4)
compared to 35.9 years (95% C.I.: 31.7 – 36.3) in MEN1 mutation positive patients
(P=0.01) (Figure 2A). Median age at developing the second major manifestation was
five years higher in mutation negative patients, however the difference was not
significant: 53.2 years (95% C.I.: 48.3 – 61.7) in MEN1 mutation negative patients
vs. 48.0 years (95% C.I.: 43.3 – 48.8) in mutation positive patients (P=0.660) (Figure
2B). A third primary MEN1 manifestation did not develop in mutation negative
patients, compared to a total of 62 patients with a third primary MEN1 manifestation
in the mutation positive group, corresponding with cumulative incidence of 41.9% at
the age of 70 years (P=0.001) (Figure 2C). Finally, other MEN1 associated
manifestations developed in only one patient who was MEN1 mutation negative
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(ADR) versus 57.0% of mutation positive patients who developed such
manifestations at a median age of 58.0 (54.4 – 61.6) (Figure 2D).
Comparable results were found when the subgroup of index patients and mutation
negative patients were compared (supplementary appendix). In this subgroup
analysis, the mean age at diagnosis of the second major manifestation in mutation
positive index cases was 39.9 years (95% C.I.: 36.9- 43.1), which is 13 years
younger compared to mutation negative patients (P=0.001).

2

Figure 2. Age-related penetrance of major manifestations and other MEN1-associated
tumors compared between mutation positive patients and mutation negative patients
A. Age-related penetrance of the first manifestation Log-rank test P=0.010
B. Age-related penetrance of the second manifestations Log-rank test P=0.660
C. Age-related penetrance of the third manifestations Log-rank test P=0.001
D. Age-related penetrance of other MEN1 associated NET Log-rank test P<0.001
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Survival
After a median follow-up period from the moment of MEN1 diagnosis of 8 years
(range 0 – 44 years), 40 patients died (12.4%) died. Cause of death can be found in
the supplementary appendix (Table S2) Among the mutation positive MEN1 patients
38 patients died (13.0%), of whom 23 (60.3%) because of a MEN1-related causes.
The mean age of death was 60 years (SD 13 yrs). Among mutation negative patients
two patients died (6.7%) from causes not-related to MEN1. Survival curves are
presented in Figure 3. Median survival in mutation positive patients was estimated at
73.0 years (95% CI: 69.3 - 76.6) compared to 84.0 years (95% CI: NA) in mutation
negative patients (P=0.013).

Figure 3 Survival curve of MEN1 patients, comparing between mutation positive and
mutation negative patients
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Additional genetic results in mutation negative patients
Full results of manifestation and additional genetic testing in MEN1 mutation negative
patients are summarized in supplementary appendix. In the 30 mutation negative
patients no family members with MEN1 were identified. A pHPT/PIT phenotype was
present in 23 patients (76.7%), five patients had pHPT/ dpNET (16.7%) and two had
a PIT/dpNET phenotye (6.7%).
In 21 of 27 patients (77.8%) who were still alive permission was obtained for
additional genetic analysis, one patient could not give permission because of the
presence of dementia. In all 21 patients, genetic testing for CDKN1B had been
performed, which revealed a CDKN1B mutation in one patient. This patient, who was
diagnosed with pHPT and PIT, had a mutation in the CDKN1B gene (c.295_305dup
p.(Gln104Argfs*19). At this location a duplication of 11 base pairs was detected in
exon 1, causing a frame shift starting at codon Gln104. The new reading frame ends
in a STOP codon 18 positions downstreams. In 19 out of 21 patients genetic testing
for AIP was performed, which didn’t result in additional mutations.
Discussion
In the Netherlands, MEN1 patients have an increased risk of premature death with an
estimated median survival of 73 years, which is almost 10 years shorter compared
with the general Dutch population. MEN1 mutation negative patients appeared to
have a far less aggressive course of disease. In mutation negative patients the age
of the first MEN1 manifestation was higher, and a third MEN1 related manifestation
did hardly ever occur. A striking result is the difference in age of death and median
survival when MEN1 mutation-positive patients are compared with mutation negative
patients. The shorter life expectancy of mutation positive MEN1 patients is in line with
previous literature. The apparent differences in penetrance of MEN1 manifestations
and survival between MEN1 mutation negative and positive patients indicate that
MEN1 mutation negative patients have a different MEN1 mimicking disease.
Additional testing for CDKN1B mutations in our national MEN1 cohort led to one
positive not previously described mutation underlining the rarity of CDKN1B
mutations as explanation for the MEN1 phenotype.

Strengths
To minimize selection bias, age-related penetrance was analyzed in the national
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DMSG cohort of MEN1 patients which includes more than 90% of the total Dutch
MEN1 population.(17) The follow-up data was collected based on pre-defined study
questions and according to a standardized protocol for every quarter of every year
from 1990 up to 2011. The database is considered of high quality for its high
density of reliable data and long-term follow-up. To our knowledge, for the first time
the age-related penetrance and age of death were compared between mutation
positive and mutation negative MEN1 patients. Diagnosis of a MEN1 manifestation
was established through predefined reference standards to increase reliability.
MEN1 manifestations diagnosed only on imaging had to be confirmed on
consecutive examinations leading to a valid diagnosis. Further, assessment of the
incidence of newly diagnosed manifestations over time is relatively new in the
MEN1 research field. In this study additional testing for mutations in the CDKN1B
gene was performed and the finding of only one positive test underlines the rarity of
these mutations when tested also in a national cohort.

Comparison with the other literature
The prevalence of the major MEN1-related manifestations, age-related penetrance
and the survival rates are comparable with the present literature.(15;16;21) However,
we now found significant differences in the clinical course of MEN1 mutation positive
and negative MEN1 patients. The different clinical course suggests that the mutation
negative patients may not have the MEN1 syndrome. Recently, a new germ-line
mutation in the CDKN1B gene (7) has been discovered in mutation negative MEN1
patients, which is now identified as MEN4. Incidence and clinical implications of
MEN4 syndrome are still unknown.(8) Mutations of the MEN1 gene and CDKN1B
polymorphisms can also coincide, resulting in early development of aggressive
tumours in MEN1 patients.(22) In our cohort, permission for additional genetic
analysis was obtained from 21 of 27 alive patients (77.8%) . Only one CDKN1B
mutation was found in all tested patients. Our findings are in accordance with the few
studies published in which sporadic and familial cases of mutation-negative MEN1
patients are tested for CDKN1B.(23-27) These studies also show that mutations in
CDKN1B and the other CDKIs are extremely rare, and many patients who are
mutation negative and have a MEN1 like disease still have an genetically
unexplained phenotype.
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The CKKN1B mutation, which we found in one patient had not been described
before. The duplication of 11 base pairs causes a frame shift, resulting in a STOP
codon. The mRNA produced might be targeted for nonsense mediated decay. We
assume that this is a pathogenic mutation, because of the presence of an STOP
codon. A number of somatic mutations in exon 1 of the CDKN1B gene are described.

The percentage of mutation negative patients vary in the literature, but our 9.3%
compares low to some earlier studies.(3) Compared with previous and thus older
studies, the mutation negative patients included in our database generally underwent
the recently implemented MLPA analysis which increased the sensitivity of MEN1

2

gene analysis leading to a lower proportion of MEN1 mutation negative patients.
Strictly spoken, we might have missed mutation negative patients with two MEN1
associated tumors, who were not referred to one of the UMCs, However, in the Dutch
health care system, especially patients with a lower age of diagnosis of
manifestations or a more aggressive course of the disease are generally referred to
one of the UMCs. Missing patients who were not referred can therefore be expected
to have led to an underestimation of the differences between the MEN1 mutation
positive and negative patients underlining the validity of the results. Finally, in The
Netherlands, all genetic tests for MEN1 are performed only the genetic laboratory of
the UMC Utrecht, leading to completeness of the data. Extrapolating the clinical data
from the applications forms for the genetic tests which led to a negative results,
indicated that the majority of mutation negative patients was included.(17)

Limitations
Nine of the 30 patients mutation negative patients were not tested for CDKN1B.
These missing data could lead to an underestimation of the incidence of CDKN1B
mutations among the MEN1 mutation negative patients. However, the low prevalence
of CDKN1B mutations is in line with previous literature.
At the moment of diagnosis of the first manifestation, the MEN1 mutation negative
patients were not suspected for having MEN1 by the treating physician. Therefore,
routine follow-up and screening as part of the MEN1 protocol started only after
diagnosis of the second main manifestation. Therefore, age of the second
manifestation might be overestimated in the mutation negative patients. However, the
outcomes were confirmed by the results of the additional analysis in which MEN1
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mutation negative patients were compared with newly diagnosed MEN1 mutation
positive patients (index patients) who often underwent mutation analyses because of
the combination of two MEN1 manifestations and also started structured follow up
after the diagnosis of MEN1.

Clinical implications
According to our results, the age of MEN1 diagnosis and the age of the MEN1
manifestations are significantly higher in mutation negative patients with two of the
main MEN1 associated tumors. We have now demonstrated that these patients also
have favorable clinical course, justifying the concept that these patients do not have
a true MEN1 syndrome, but rather a MEN1-like syndrome or sporadic co-incidence of
two (neuro-endocrine) tumors. According to the favorable clinical course of these
patients, it is questionable whether or not these patients should be intensively
screened for future endocrine events according to the clinical guidelines for MEN1
patients.

Conclusion
In conclusion, MEN1 is a syndrome with high life-time occurrence of pHPT, dpNET
and PIT and a considerable risk of premature death with an estimated median
survival of 73 years. Mutation positive and mutation negative MEN1 patients have a
different clinical course, with mutation negative patients developing MEN1
manifestations at a higher age and having a median survival comparable to the
general population which is ten years longer than MEN1 mutation positive patients.
Mutations in the CDKN1B gene can be considered to a rarity and don’t explain the
occurrence of MEN1 phenocopies. The apparent differences in clinical course
suggests that MEN1 mutation negative patients do not have true MEN1, but another
MEN1 like syndrome or sporadic co- incidence of two neuro-endocrine tumors.
Acknowledgements
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Supplementary data
Table S1 Age of diagnosis of MEN1 manifestation
MEN1
Total
Mutation positive
Mutation negative
manifestations
Median SD/range
Median SD/range
Median SD/range
pHPT
36
14 (11 – 78)
34
12 (11 – 68)
51
14 (23 – 78)
dpNET
39
14 (13 – 78)
39
14 (13 – 78)
48
17 (23 – 63)
PIT
39
15 (15 – 73)
36
14 (15 – 71)
49
13 (23 – 73)
lung NET
42
(18 – 75)
42
(18 – 75)
n.a.
thymic NET
45
(36 – 60)
45
(36 – 60)
n.a.
gastric NET
53
14 (34 – 75)
53
14 (13 – 78)
n.a.
adrenal tumor
48
12 (21 – 73)
48
12 (21 – 73)
48*
n.a.
Abbreviations: NET, neuro-endocrine tumor; pHPT, primary hyperparathyroidism; dpNET,
duodenopancretic NET; PIT, pituitary tumor; n.a., not applicable
* only one patient

2
Table S2 Causes of mortality
Cause of mortality

Total
Number of
patients
(%)*

Mutation
positive
Number of
patients (%)*

Mutation
negative
Number of
patients (%)*

MEN 1 related causes of death
Duodenopancreatic NET: local or metastatic disease
13 (32.5)
13 (34.2)
0 (0)
Thymic NET: local or metastatic disease
7 (17.5)
7 (18.4)
0 (0)
Died after operation for MEN1 related causes
2 (5.0)
2 (5.3)
0 (0)
Kidney failure due to pHPT
1 (2.5)
1 (2.6)
0 (0)
Total
23 (57.5)
23 (60.3)
0 (0)
Non MEN 1 related causes of death
Other malignancy**
7 (17.5)
7 (18.4)
0 (0)
Lung embolism
0 (0)
2 (5.0)
2 (5.3)
Cardiovascular
2 (100)
3 (7.5)
1 (2.6)
Other non MEN 1 related causes***
0 (0)
5 (12.5)
5 (13.2)
Total
2 (100)
17 (42.5)
15 (39.5)
Total
40 (100)
38 (100)
2 (100)
Abbreviations: NET, neuro-endocrine tumor; pHPT, primary hyperparathyroidism
* Percentage of the subgroup of deceased patients.
** Metastatic sigmoid colon adenocarcinoma (n=3); metastatic adenocarcinoma of unknown primary
origin (n=1);
metastatic prostate carcinoma (n=1); leiomyosarcoma (n=1); pancreatic carcinoma (n=1).
***Myotonic dystrophy (n=1); consequences of demential syndrome (n=1); chronic obstructive
pulmonary disease (n=1), unknown (n=2).
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Table S3 Clinical characteristics and results of genetic screening
Patient Manifestations (age)

1
2
3
4
5
6

pHPT
31
x
25
23
61
48

PIT
x
28
x
23
61
55

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

64
53
48
39
78
60
42
62
48
67
x
73
40
50
24
47
62
56
51
45
45
63
62
58

63
35
35
31
54
54
51
54
29
50
61
73
48
48
x
46
62
39
51
60
56
63
x
x

pdNET Other
38
23
25
x
x
x
ADR
48
x
x
x
x
x
x
x
x
x
x
61
x
x
x
48
x
x
x
x
x
x
x
63
57

MEN1 CDKN1B
MLPA

CDKN1
B
MLPA

AIP

AIP
MLPA

ND
-

ND
-

ND
-

ND
-

ND
-

ND
ND
ND
ND
ND
ND
-

mutation
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Comments

died

died
dementia

died

Abbreviations: pHPT,primary hyperparathyroidism; PIT, pituitary adenoma; pdNET,
duodenopancreatic neuroendocrine tumor; ADR, adrenal tumor; x, absence of the MEN1-related
manifestation; ND, Not Determined; -, Determined, no mutations was detected; mutation, Mutation
was detected

32

MEN1 patients in the Netherlands

2

Figure S1 Age-related penetrance of major manifestations and other MEN1-associated tumors
compared between mutation positive index patients and mutation negative patients
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Abstract
Objective
Endocrine diseases that can be part of the rare inheritable syndrome multiple
endocrine neoplasia type 1 (MEN1) commonly occur in the general population.
Patients at risk for MEN1, and consequently their families, must be identified to
prevent morbidity through periodic screening for the detection and treatment of
manifestations in an early stage. The aim of the study was to develop a model for
predicting MEN1 in individual patients with sporadically occurring endocrine tumors.
Design
Cross-sectional study.
Methods
In a nationwide study in The Netherlands, patients with sporadically occurring
endocrine tumors in whom the referring physician suspected the MEN1 syndrome
were identified between 1998 and 2011 (n=365). Logistic regression analysis with
internal validation using bootstrapping and external validation with a cohort from
Sweden was used.
Results
A MEN1 mutation was found in 15.9% of 365 patients. Recurrent primary
hyperparathyroidism (pHPT; odds ratio (OR) 162.40); nonrecurrent pHPT (OR
25.78); pancreatic neuroendocrine tumors (pNETs) and duodenal NETs (OR 17.94);
pituitary tumor (OR 4.71); NET of stomach, thymus, or bronchus (OR 25.84); positive
family history of NET (OR 4.53); and age (OR 0.96) predicted MEN1. The c-statistic
of the prediction model was 0.86 (95% confidence interval (95% CI) 0.81–0.90) in the
derivation cohort and 0.77 (95% CI 0.66–0.88) in the validation cohort.
Conclusion
With the prediction model, the risk of MEN1 can be calculated in patients suspected
for MEN1 with sporadically occurring endocrine tumors.
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Introduction
Endocrine diseases such as primary hyperparathyroidism (pHPT) and pituitary
tumors (PIT) are relatively common in the general population (1). In addition, the
incidence and prevalence of neuroendocrine tumors (NETs) are increasing over the
last decades (2). With the increased use of laboratory and radiological investigations,
which are sometimes applied for screening purposes, endocrine tumors are also
more often diagnosed coincidentally.

Endocrine tumors can occur as part of the autosomal dominant inherited multiple
endocrine neoplasia type 1 (MEN1) syndrome. MEN1 is characterized by the
occurrence of combinations of: i) pHPT; ii) NET of pancreas and duodenum (pNET);
iii) NET of stomach, thymus, or bronchus; iv) PIT; and v) adrenal tumors (ADR). The
syndrome is caused by an inactivating germline mutation in the MEN1 gene on
chromosome 11q13 (3). Although MEN1 is a rare disease with an estimated
prevalence of 1–10/100 000 inhabitants worldwide, timely recognition is of utmost
importance because patients are at risk for malignant disease associated with a
significant decrease in life expectancy (4-10). There is growing evidence that an early
diagnosis by genetic screening and subsequent preventive care leads to
improvement of long-term outcome (11;12). An early diagnosis not only applies for
the index patient but also certainly for family members who carry the mutation and
are often still symptom free.

The currently used consensus guidelines for diagnosis and therapy of MEN1 (2001)
therefore recommend screening of all sporadic patients where MEN1 is suspected
(13). This accounts for any patient with two or more MEN1-related tumors, pHPT
before age 30, recurrent pHPT, gastrinoma or multiple pNETs, or familial HPT. These
guidelines were based only on limited data. In addition, some further small studies
have already demonstrated high prevalence of MEN1 mutations in patients with
sporadic endocrine tumors, suggesting that the current advises are too conservative,
which might lead to unnecessary morbidity and mortality (14-17).

A more reliable identification of patients at risk for a MEN1 mutation is needed to
enable more cost-effective screening. Therefore, in the present nationwide study, we
assessed the results of all Dutch MEN1 mutation analyses from 1998 to 2010 of
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patients with sporadically occurring endocrine tumors. We aimed to develop and
validate a rule to predict the outcome of MEN1 mutation testing in individual patients
with apparently sporadically occurring endocrine tumors based on patient
characteristics and type of endocrine tumor.
Materials and methods
Study design
All patients in The Netherlands referred for MEN1 mutation testing between January
1998 and December 2010 were identified (Fig. 1). In The Netherlands, MEN1
mutation testing is done mostly according to the current guidelines that advise to test
patients who have two or more possibly MEN1-related tumors, multiple parathyroid
tumors before the age of 30, recurrent hyperparathyroidism, gastrinoma, or multiple
islet cell tumors at any age or familial isolated hyperparathyroidism. For this study,
the outcomes of tests of patients were excluded if: i) MEN1 was clinically diagnosed
(at least three out of five endocrine MEN1 manifestations); ii) the patient had a family
member with MEN1; iii) all clinical information was missing; or iv) MEN1 mutation
testing was performed with an erroneous indication (e.g. non-MEN1-related tumors
such as pheochromocytoma, medullary thyroid carcinoma, etc.).

Clinical information was collected from the application form for genetic testing and
missing data were retrospectively retrieved from the referring physician. Endocrine
manifestations diagnosed after the request for genetic testing were not recorded.
Data were collected regarding: pHPT; pNET; PIT; NET of stomach, thymus, or
bronchus; ADR; and family history of MEN1-related (neuro-)endocrine tumors
irrespective of the grade of the family relation.

The presence of a MEN1 mutation was determined with DNA sequencing since 1998
and with a combination of DNA sequencing and multiplex ligation-dependent probe
amplification (MLPA) since 2005. MLPA (MRC-Holland, Amsterdam, The
Netherlands) is used for detecting large deletions or duplications in the MEN1 gene.

As missing data may lead to loss of statistical power and bias, multiple imputation
based on other determinants as well as the outcome was used to replace missing
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values for family history (n=63, 17.3%) (18). The missing data were completely
missing at random.

Variables
The following variables were considered candidate predictors for a MEN1 mutation:
patients' age at the moment of DNA testing; recurrent or multigland disease pHPT;
nonrecurrent pHPT; pNET; PIT; NET of stomach, lung, or thymus; adrenal
hyperplasia or adenomas (ADR); and a family history of endocrine tumors.

Model derivation
The prediction model was established by multivariate logistic regression. In this

3

multivariate analysis, a stepwise backward selection procedure was conducted,
excluding predictors with a P value >0.157 (Akaike's Information Criterion) (19-21).
Coefficients and crude odds ratio (OR) with 95% confidence intervals (CIs) of the
multivariate model were calculated to estimate the impact of significant predictors. In
general, these measures are too high because the model is developed solely using
the study sample and will perform less on a different random sample. Therefore, a
bootstrapping procedure was performed to adjust the coefficients. The bootstrap
resampling resulted in a mean shrinkage factor of 0.89. Performance of the adjusted
model was assessed in the original Dutch cohort by assessing predictive
discrimination and calibration. Predictive discrimination was evaluated using the cstatistic that represents the area under the curve of the receiver operating
characteristic curve. To assess goodness of fit, the Hosmer–Lemeshow statistic was
computed, which assessed the matching of the predicted and observed MEN1
mutation rate in subgroups of our study population.

External validation
To evaluate the reliability of the model, it was externally validated in a cohort of
patients meeting the same inclusion criteria that was screened between January
1997 and July 2006 at the Department of Clinical Genetics at the Karolinska
University Hospital in Sweden (22). The MEN1 gene was also tested by DNA
sequencing and MLPA. Data collection and handling of missing data were performed
in the same manner as in the Dutch cohort. The predictive discrimination and
goodness of fit in the Swedish cohort were presented.
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Risk stratification and clinical application
A nomogram was constructed using the multivariate prognostic model. This
nomogram can be used to predict the risk of a MEN1 mutation in individual patients
by adding up the scores of each of the risk factors separately. The sum score can
then be translated into the individual patients' risk of a MEN1 mutation. Translation
into the individual risk is done by drawing a line from the sum score scale to the risk
of a MEN1 mutation scale.

Analyses were conducted using SPSS 17.0 (Windows; Chicago, IL, USA) and open
source statistical software, R version 2.9.2 (R Foundation for Statistical Computing,
http://www.R-project.org).

The approaches described in this paper did not involve any randomization,
experimental intervention, or questionnaire, and the anonymity of patients was not
breached. As this article meets the conditions required under Dutch Law (WGBO) for
making medical and/or personal data available for statistical or other scientific
research, the Medical Ethics Review Committee of the University Medical Center
Utrecht concluded that the Medical Research Involving Human Subjects Act (WMO)
was not applicable.

Figure 1. Study flow diagram
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Results
Study population
Between 1998 and December 2010, a total of 1185 MEN1 mutation analyses were
performed in The Netherlands. Of these, the results of the analyses of 36 patients
(3.0%) were excluded because they had clinical MEN1, 671 (56.6%) for having a
known MEN1 family member, 70 (5.9%) because of completely missing clinical
information on the patients, and 43 (3.6%) because of an erroneous indication for
ordering an MEN1 mutation analysis. Therefore, the study population consisted of
365 patients (Fig. 1). The baseline characteristics are summarized in Table 1.
Mutations in the MEN1 gene were found in 15.9% of the included patients. There
were significantly more females than males in the study population. A total of 131

3

patients (35.9%) did not meet the testing criteria of the 2001 consensus guidelines
for MEN1 testing. However, among those patients, two MEN1 mutations were found.
Table 1. Baseline characteristics Dutch and Swedish cohort
Characteristics

Dutch cohort

Swedish cohort

Male/Female (%)

136/229 (37/63)†

56/88 (39/61)†

Median age in years at mutation
analysis (25th, 75th percentile)

47 (35, 61)

51 (35, 61)

Meeting guidelines MEN1 for DNA testing (%)* 64.1

81.3

Mutation detected (%)

58 (15.9)

19 (13.2)

Recurrent or multiglandular
primary hyperparathyroidism (%)

9.6

13.9

Non-recurrent primary hyperparathyroidism
(pHPT) (%)*

48.8

67.4

Pituitary tumor (PIT) (%)*

44.4

23.6

Pancreatic NET (pNET) (%)*

21.4

30.6

NET of bronchus, thymus or stomach (%)

3.8

5.6

Adrenal tumor (%)

5.2

2.1

Family history positive (%)

31.5

31.3

Abbreviations: NET, neuro- endocrine tumor; pHPT, primary hyperparathyroidism
† distribution differs significantly within both cohorts (p<0.05)
* percentage differ significantly between the Dutch and Swedish cohort (p<0.029)
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Model derivation
After backward selection in multivariate analysis, the following predictors for a MEN1
mutation were retained in the model: recurrent or multiglandular disease pHPT (OR
162.40); nonrecurrent pHPT (OR 25.78); pNET (OR 17.94); PIT (OR 4.71); NET of
stomach, thymus, or bronchus (OR 25.84); a positive family history for MEN1-related
(neuro-)endocrine tumors (OR 4.53); and age (OR 0.96; Table 2). ADR was excluded
from the model. The c-statistic of the model was 0.86 (95% CI 0.81–0.90). The
Hosmer–Lemeshow indicated a good diagnostic accuracy with a nonsignificant χ2 of
7.3 (P 0.51) using nine groups based on the relatively low MEN1 mutation frequency.
Table 2. Prediction model for the presence of a MEN1 mutation
Variable

Regression
coefficient
(unadjusted)

Odds Ratio
(unadjusted)

95% C.I.

Regression
coefficient
(adjusted)

Odds Ratio
(adjusted)

95% C.I.

Family history

1.691

5.42

2.32 – 12.71

1.510

4.53

1.93 – 10.61

Pancreatic NET
(pNET)

3.232

25.32

8.28 – 77.47

2.887

17.94

5.86 – 54.87

Pituitary tumor (PIT)

1.736

5.67

2.23 – 14.41

1.550

4.71

1.86 – 11.97

NET of bronchus,
thymus or stomach

3.640

38.10

6.49 – 223.85

3.252

25.84

4.40 – 151.80

Age

-0.048

0.95

0.93 – 0.98

-0.043

0.96

0.94 – 0.98

Recurrent or
multiglandular pHPT

5.698

298.27

55.77 – 1595.29 5.090

162.40

30.36 – 868.55

Non-recurrent pHPT

3.638

38.01

11.94 – 121.06

25.78

8.10 – 82.12

3.250

Abbreviations: NET, neuro- endocrine tumor; pHPT, primary hyperparathyroidism
Absolute risk for presence of a MEN1 mutation = 1/(1-exp(-b))
b= -4.3100 +(1.510*Family history)+(2.887*pNET)+(1.550*PIT)+(3.252*NET of bronchus, thymus or
stomach)+(-0.043*Age)+(5.090*recurrent or multiglandular pHPT)+(3.250*Non-recurrent pHPT)

Validation cohort
Between January 1997 and July 2006, a total of 371 MEN1 mutation analyses were
performed at the Department of Clinical Genetics at the Karolinska University
Hospital in Sweden. Twenty-seven (7%) patients were excluded because of clinical
MEN1, 192 (52%) for having a known MEN1 family member, seven (2%) patients
with an erroneous indication for testing, and one because of completely missing
clinical information. Subsequently, data from 144 patients were used for external
validation of the prediction model (Fig. 1). The baseline characteristics of the
Swedish validation cohort differed significantly for the prevalence of pHPT, PIT, and
pNET from the derivation cohort (Table 1). In the Swedish cohort, 27 patients
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(18.8%) were tested for MEN1 and did not meet the current consensus guidelines for
MEN1 testing. To compensate for the lower prevalence of MEN1 in the Swedish
cohort, the model intercept was adjusted. In this validation cohort, the c-statistic of
the Dutch prediction rule was 0.77 (95% CI 0.66–0.88). The Hosmer–Lemeshow was
nonsignificant with χ2 of 14.1 (P 0.08) using nine groups for goodness of fit based on
the relatively low MEN1 frequency (13.2%).

Model application
To enable application of the prediction rule, a nomogram was constructed to be used
in clinical practice (Fig. 2).
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Figure 2. Nomogram
Abbreviations: NET, neuro- endocrine tumor; pHPT, primary hyperparathyroidism
Example: a 54-year-old patient (score=30 points) with the combination of a negative family history
(score=0 points), a nonrecurrent and nonmultiglandular pHPT (score=63 points), and a pNET (n=57
points) has a sum score of 150 points, corresponding with a linear predictor of −0.50 and a risk of 38%
of having a MEN1 mutation.
Example: a 41-year-old patient (score=42 points) with a positive family history (score=29 points) and
recurrent pHPT (score=100 points) has a sum score of 171 points, corresponding with a linear
predictor of 0.50 and a risk of 63% of having a MEN1 mutation.
Example: a 51-year-old patient (score=33 points) with a negative family history (score=0 points) of
pituitary tumor (score=31 points) and a pNET (score=57 points) has a sum score of 121 points,
corresponding with a linear predictor of −2.0 and a risk of 11% of having a MEN1 mutation.

Discussion
For designing a reliable prediction model and a critical appraisal of the current
guidelines of MEN1 mutation analysis, it is important that a large population-based
patient cohort can be studied with a high data density and a relatively high number of
positive outcomes of mutation analysis. For a rare genetic disorder such as MEN1,
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this is ideally performed in a truly nationwide study, which is more feasible in a small
and very densely populated country such as The Netherlands. As MEN1 mutation
analysis in The Netherlands is up to standard and centrally performed at our
department of medical genetics, we were able to collect the results of all Dutch DNA
tests performed from 1998 to the present day. In addition, before use in clinical
practice, a prediction model must be validated in a large independent populationbased cohort. For the validation of the prediction model, we therefore used the
outcomes of the mutation analysis of another well-described large and completely
independent international cohort. In both the Dutch and the Swedish cohorts, patients
were tested for a MEN1 mutation because the treating physician suspected MEN1.
For various reasons, the current consensus guidelines for MEN1 mutation analysis
were not strictly followed in a significant number of patients in both the cohorts.
Reasons for screening were a positive family history for endocrine diseases, a
relatively young age at which an endocrine tumor occurred, or an atypical course of
the endocrine disease, which are not addressed in the 2001 guidelines.

Using all the tested cases, it was possible to design a prediction model that fits in
with the current clinical practice. In the Dutch patients who underwent mutation
analysis but did not meet the criteria according to the 2001 guideline, two new MEN1
patients (and consequently their pedigrees harboring a MEN1 mutation) were
identified. This indicates that the 2001 guidelines for screening of patients with
apparently sporadic endocrine tumors that can occur in the course of MEN1 are too
restrictive. We were able to identify all MEN1 families in The Netherlands and can
therefore be sure that the two presented MEN1 mutations among patients with
sporadic endocrine tumors were two new MEN1 index cases.

The previously estimated risk for having a MEN1 mutation in patients with sporadic
endocrine tumors ranged from 0 to 67% depending on the type and number of
endocrine tumors; however, those figures were not based upon a truly national
database and not validated in an independent population. A more reliable estimation
of the overall MEN1 mutation frequency in patients with sporadic endocrine tumors
who are tested for MEN1 now turns out to be ∼16%. However, it seems more

sensible to estimate the risk in individual patients. Given the high number of positive
outcomes of the MEN1 mutation analysis, every physician taking care of patients with
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endocrine diseases should be aware of MEN1 in a patient with apparently
sporadically occurring endocrine tumor(s). With the assumption that the 2001
guidelines for identifying patients at risk for MEN1 are specific but too conservative,
we used the total Dutch population that underwent MEN1 mutation analysis to
develop a prediction model, which precisely predicts the a priori risk for a MEN1
mutation according to the type of tumor and patient characteristics. Except for
adrenal tumors, all endocrine tumors that can occur in the course of MEN1 were
predictors for a MEN1 mutation. According to the validation and goodness of fit in the
Dutch cohort and Swedish validation cohort, the nomogram can be used to reliably
predict the risk for a MEN1 mutation in individual patients in daily clinical practice. We
did not consider patients with so-called ‘unclassified variants’ (UVs) as having a
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MEN1 mutation. With literature searches and the use of programs for gene
prediction, the effect of the changes on the MEN1 gene was estimated for every
change in the MEN1 gene. UVs are nonclinically relevant changes of the MEN1 gene
that do not lead to the MEN1 syndrome.

There is still ongoing debate on the risk of MEN1 and the different NETs and clinical
characteristics. Earlier smaller studies conclude that sporadic cases with the
presence of two of the three main related MEN1 tumors and patients with an atypical
course of endocrine tumors should be tested. Our findings confirm the contribution of
coexisting pHPT and pNET in determining the risk of a MEN1 mutation. In addition,
our results show the attribution of each separate endocrine tumor in predicting the
presence of a MEN1 mutation. Of these, recurrent or multiglandular pHPT is the
strongest predictor (OR 162.40). Cardinal et al. found a mutation rate of 1/11 (9%)
among patients with sporadic pHPT, which led, for practical reasons, to the
conclusion that DNA testing should only be considered for patients below 30 years
with pHPT. In our study cohort, 19 MEN1 mutation-positive patients with the solitary
endocrine manifestation pHPT were present. All those patients appeared to have one
or more additional characteristics such as age below 40 (n=6) years or a positive
family history (n=11) and nine of them had recurrent pHPT. This means that sporadic
pHPT is associated with MEN1 especially if such an extra characteristic is present.
Our prediction model is applicable for patients with pHPT if they have an additional
characteristic such as age of occurrence below 35 years, recurrent or multiglandular
pHPT, and/or a family history for endocrine tumors. If a patient does not have such
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an additional characteristic, the risk of pHPT is overestimated in the model and the
outcome cannot be reliably used.

The OR of the predictor age in the model was only 0.96, which confirms that a
younger age is associated with a somewhat higher probability for a MEN1 mutation.
In our study, the mean age of the Dutch and Swedish cohort was in line and relatively
high at 48 years. In both the study groups, patients with a family history of MEN1
were excluded, which can explain the age in this study. The addition of the predictor
age in our prediction model might lead to a more targeted screening at a younger
age, which can subsequently lead to less morbidity in index patients as well as their
relatives. Of the endocrine tumors, PIT was the weakest predictor in the model (OR
4.71), and adrenal tumors showed no relation at all.

One of the limitations is the retrospective nature of the study. However, we were able
to cross-check the data on the application forms of the referring physicians with the
original patient files in 16% of cases. This concerned the cases that turned out to
have a MEN1 mutation or with two out of the following manifestations: pHPT, PIT,
and PET. The data reliability was high (concordant in 88.1%), indicating that the data
that were used for the analysis were accurate. It is not likely that the data accuracy of
the other cases is different because the reasons for ordering MEN1 mutation tests
were the same for all patients. With regard to the family history, the data density was
relatively low, because in daily practice the family history is often not completely
taken or registered. Still, our data density with regard to family history was over 80%.
A second limitation is that in building the prediction model, we only tested known
candidate predictors and were not able to identify other possible candidate predictors
like level of hormones or co-occurring skin lesions, because this information was not
available. One might also argue about the generalizability of the prediction model.
We assume that our prediction model is applicable in other populations within and
outside Europe as the model was validated in a true independent cohort and
because there are no indications of regional or racial differences in the prevalence of
MEN1. Irrespective of the higher prevalence of pHPT in the Swedish cohort and the
higher prevalence of PIT in the Dutch cohort, the high outcome of the c-statistic in the
Swedish cohort indicates that the model is robust and can be used in other
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populations, even when there are some differences in the case-mix of patients who
are tested.

With our prediction rule and nomogram, the a priori individual risk for a MEN1
mutation in a patient with an apparent sporadically occurring endocrine tumor with
reason to suspect MEN1 can be calculated. Our model can be used to make
physicians more alert and enable informed decision making for patients. However, it
cannot be used for identifying patients who should and should not be tested. Ideally,
all MEN1 cases are identified, even those with a low a priori risk. The risk cutoff for
ordering a mutation analysis is dependent on the costs on the one hand and the
possible consequence for the individual patient on the other hand. Identifying patients
with a mutation in the MEN1 gene has important clinical consequences for patients
and their families because of the important lifelong surveillance to identify early
manifestations of the disease to enable subsequent early interventions. Currently
used guidelines for MEN1 testing are appropriate for identifying the patients who are
at high risk for MEN1 but showed to be too conservative and might therefore delay
timely MEN1 mutation testing. Additional research is needed to evaluate the present
prediction model for MEN1 mutation testing. When used in clinical practice, the use
of our prediction model can be prospectively validated and the results can be used to
improve the current practice and facilitate timely identification of MEN1 patients.
Based on our results, the guidelines on MEN1 mutation testing in patients with
sporadic endocrine tumors are now open for discussion again.
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Abstract
Context
The assessment of tumor markers for diagnosing pancreatic neuroendocrine tumors
(pNET) in multiple endocrine neoplasia type 1 (MEN1) patients is advised in the
current guidelines but has never been validated for this purpose.
Objective
The objective of the study was to assess the diagnostic accuracy of chromogranin A
(CgA), pancreatic polypeptide (PP), and glucagon for pNET in MEN1.
Design
This was a diagnostic study.
Setting
The study was conducted at Dutch university medical centers from 2008 to 2011,
representing 90% of the total Dutch MEN1 population.
Patients and Methods
Patients for whom data on tumor markers in combination with the reference standard
(ie, radiological imaging) were available between 2008 and 2011 were included. The
reference standard for the presence of pNET was pathology or detection on magnetic
resonance imaging, computed tomography, or endoscopic ultrasound confirmed on
subsequent imaging, irrespective of modality at follow-up.
Main Outcome Measures
The area under the receiver-operating characteristic curve (AUC), positive predictive
value, negative predictive value, positive likelihood ratio, negative likelihood ratio,
sensitivity, and specificity were calculated for each marker.
Results
For the analysis of PP, CgA, and glucagon, 73, 81, and 94 patients were available,
respectively. The AUC for CgA was 0.48 [95% confidence interval (CI) 0.35–0.61]
with a sensitivity 0.33 and a specificity 0.73; the AUC for glucagon was 0.58 (95% CI
0.46–0.70) with a sensitivity 0.43 and a specificity 0.73; and the AUC for PP was 0.64
(95% CI 0.50–0.77) with a sensitivity 0.36 and a specificity 0.74. Age, imaging
modality, tumor size, and number did not influence the outcomes.
Conclusion
The diagnostic accuracy of the tumor markers CgA, PP, and glucagon for pNET in
MEN1 is low.
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Introduction
Multiple endocrine neoplasia type 1 (MEN1) is a rare autosomal dominant inherited
disorder that is caused by mutations in the MEN1 gene on chromosome 11 (1).
MEN1 causes combinations of more than 20 different endocrine and nonendocrine
tumors (2). The main endocrine manifestations of MEN1 are parathyroid hyperplasia
or adenomas (occurring in 78%–94% of patients with MEN1); neuroendocrine tumors
(NET) of the pancreas (pNET) or duodenum (35%–75%); adrenal adenomas and
adrenal nodular hyperplasia (27%–73%); anterior pituitary tumors (20%–65%); and
gastric, thymic, or lung NETs (8%) (3;4). Signs and symptoms are a consequence of
hormone overproduction, local mass effects, or malignancy (5). Most MEN1associated tumors are benign, but pancreatic and thymic NETs especially show
malignant behavior. Therefore, MEN1 patients have a shorter life expectancy than
the general population with a 20-year survival of patients affected with MEN1 of 64%
(6). However, among two families in northern Finland with a founder MEN1 mutation,
the mean age of death for MEN1-affected patients and their spouses did not
significantly differ (7).

Today MEN1-related mortality is most frequently caused by pNET and thymic NET
(8). For pNET, screening and subsequent treatment in asymptomatic MEN1 patients
seems to lead to a more favorable survival and a decreased morbidity (5;9).

The current standard of care for MEN1 patients is based on the recently updated
clinical practice guidelines for MEN1 (2;10). The biochemical tests recommended for
early diagnosing of pNET include the annual assessment of chromogranin A (CgA),
pancreatic polypeptide (PP), and glucagon.

Data on the diagnostic accuracy of the tumor markers for diagnosing pNET in MEN1
patients is scarce. Elevated levels of CgA seemed to be specific for identifying
neuroendocrine tumors when patients without MEN1 were compared with healthy
controls, but sensitivity was variable (11;12). Some studies have suggested that
levels of CgA might be elevated in MEN1 patients in the absence of active disease
(13–15).
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To achieve an effective screening program for MEN1 carriers, more information is
needed about the diagnostic value of these biochemical tests. Therefore, the aim of
the present study was to assess the accuracy of the already often used CgA,
glucagon, and PP for diagnosing pNET in the periodic follow-up of MEN1 patients.
Materials and Methods
The present study was based on data from the national MEN1 database of the
DutchMEN1 Study Group (DMSG). The database comprises 90% of the total Dutch
MEN1 population (16) of whom the available clinical data of every quarter per year
was collected for the period 1990 up to 2011. Data collection was performed for
every quarter using a predefined protocol and decision rules for registration of data.
The database was designed to assess the effectiveness of the current practice of
care for patients with MEN1. In each center, MEN1 patients were identified by a
standard identification procedure using the hospital databases of medical conditions
and diseases. All patients with MEN1 aged 16 years or older by the end of 2010 who
were treated at one of the university medical centers (UMCs) were included. MEN1
was diagnosed according to the recently updated clinical practice guidelines (2). The
study protocol was approved by the Medical Ethical Committees of all UMCs in The
Netherlands. Given the retrospective and observational nature of the study, the
Medical Ethical Committees approved the use of these clinical data for study aims
and waived the requirement to obtain informed consent. The data were collected
after the study questions were formulated and the potential variables of interest were
identified.

Patient selection
In the present analyses, patients under care between 2008 and 2011 (n = 274) were
eligible. This period was chosen to be able to study the currently used and most upto-date biochemical and radiological tests.

Patients were included in the analyses if the presence or absence of pNET could be
assessed according to the reference standard described below. Patients were
excluded from the analyses if laboratory results of interest were not measured within
3 months before or after assessing the reference standard.
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Increased levels of CgA can also be caused by other NETs (17, 18). For this reason
additional selection criteria were applied in the analysis of CgA. First, patients with
simultaneous thymic, lung, or gastric NET were excluded. Because patients with
gastrinomas, and especially those with Zollinger Ellison syndrome, are currently
treated with proton pump inhibitor (PPI), we performed an additional subgroup
analysis for PPI use in the analysis of CgA.

Patients with missing data were excluded per analysis.

Outcome measures
The reference standard for the presence of pNET was the outcome of a pathology
examination. If pathology was not available, only pNET diagnosed on magnetic

4

resonance imaging (MRI), computed tomography (CT), or endoscopic ultrasound
(EUS), which were confirmed at least once by consecutive imaging studies,
irrespective of imaging modality, were considered as pNET positive. The absence of
pNET also had to be confirmed on a minimum of two subsequent imaging studies
during follow-up.

Primary outcomes were the accuracy of PP, glucagon, and CgA for diagnosing pNET
according to the reference standard.

Secondary outcomes were the diagnostic accuracy of the combined tumor makers for
pNET and diagnostic accuracy for metastatic disease. The reference standard for
metastatic disease was defined as metastases confirmed in pathological examination
(metastases in liver, lymph nodes, and peritoneum) or metastases identified on
abdominal MRI, CT, or EUS examination (metastases in liver, lymph nodes, bones,
peritoneum).

Additionally, we assessed the association of tumor markers with age, tumor size, and
number of tumors. Furthermore, we analyzed the diagnostic value for the different
imaging modalities and the available data on octreoscans and EUS with fine-needle
aspiration (FNA). Because of the interaction between PPIs and CgA, all analyses of
CgA were categorized for PPI use (19).
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For the analysis we used the standard upper limits of reference values for the tumor
markers as currently used in clinical practice. Although previous studies have
reported some age-dependent regression for PP, generally no correction for this
regression is performed in daily clinical practice (20). Additionally, to assess whether
a significant influence of age on the results exists, we performed a sensitivity analysis
using age-adjusted reference values for tumor markers that had a significant
correlation with age.

Tumor markers
All laboratory results analyzed were obtained from tumor marker assessments
performed in the course of patient care between 2008 and 2011. Tumor marker
assessments were performed centralized in a small number of laboratories. PP
analysis was performed in one center using a RIA from Euro-Diagnostica. Long-term
assay stability was measured using patients pools at three levels, viz, at 27, 92, and
170 pmol/L. These patient pools were used from 2008 until 2011.Three antibody kits
were used between 2008 and 2011. Interassay variation was 10%, 6%, and 6% for
these three kits. Cross-reactivity for insulin, glucagon, gastrin-34. and gastrin-17 is
less than 0.03%.

The CgA assays were performed in two centers both using the Cis Bio
immunoradiometric assay with identical reference values. Interassay variation was
9%, 10%, and 6% at 34, 72, and 271 μg/L. Both laboratories used patient pools at
three levels for the long-term control during the study period. Each batch of pools
was used for about 1 year. Five lot numbers of reagents for CgA analysis were used.

Glucagon assays were performed in four laboratories using a RIA from Siemens
Healthcare Diagnostics or Linco Diagnostics. It is standardized against World Health
Organization International Standard 69/194 (21). Interassay variation was 12%, 12%,
and 7% at 16, 23, and 40 pmol/L. Centers did not use patient pools during the whole
study period. However, all laboratories report that the overall interassay coefficient of
variation was less than 10% over the time a batch of control samples was used. No
systematic decrease or increase was seen in that time. Cross-reactivity for glucagon
22–29 is 5%–10% and for glucagon 19–29 it is 2.3–4.7% (information from
manufacturer). PPs are represented in picomoles per liter and CgA tests in
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micrograms per liter. The laboratories of the UMCs reported the levels of glucagon in
different units, respectively, nanograms per liter and picomoles per liter. For the
analyses, the measure picomoles per liter was converted to nanograms per liter (1
ng/L = 0.2872 pmol/L). All four laboratories used identical reference values for
glucagon, and therefore, no standardization of tumor marker values was needed.

Currently used upper limits of reference values are for PP 100 pmol/L, for glucagon
80 ng/L, and for CgA 100 μg/L as provided by the manufacturer of the diagnostic kits
and based on previous studies (12;14;17;20).

Statistical analysis
Diagnostic accuracy was assessed using receiver operating characteristics (ROC)
curves. The area under the ROC curves (AUC) were calculated with an AUC of 0.60–
0.80 indicating moderate, and 0.80–1.00 indicating good diagnostic accuracy. The
current reference values of the tumor markers were used as cutoff for the three tumor
markers. For the analysis of the combined tumor markers, the tumor markers were
considered positive if one or more tumor makers were elevated. We also intended to
calculate the optimal cutoff using the ROC curves for tumor markers with an AUC
above 0.8.

Diagnostic accuracy with age-adjusted reference values was obtained first by
calculating the difference between the observed tumor maker value and the predicted
tumor marker value. Second, the AUC was calculated for sensitivity (Se) and
specificity (Sp) using the following formulas: Se = true positive/(true positive + false
negative) and Sp = true negative/(true negative + false positive). The positive (PPV)
and negative predictive value (NPV) were calculated using the following formulas:
PPV = true positive/(true positive + false positive); NPV = true negative/(true negative
+ false negative). The positive (LR+) and negative (LR−) likelihood ratios were
calculated using the following formulae: LR+ = sensitivity/(1 − specificity), LR− = (1 −
sensitivity)/specificity. In addition, exact 95% confidence intervals (CIs) of the
predictive values and likelihood ratios were calculated according to the methods
described by Altman (22). Scatterplots were made to assess the observed results of
tumor marker levels for individual patients. The association of tumor makers with age,
tumor size, and number of tumors was assessed by subgroup analyses and by linear
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regression. For subgroup analyses, categorizations of data for pNET size, pNET
number, and age were based on the median (data < or ≥ median). Linear regression
was applied to logistically transformed data of tumor makers, age, tumor size, and
number of tumors to diminish the impact of extreme values. Regression coefficients
with P < .05 were considered significant.

To assess whether age-adjusted reference values would influence study results, we
performed a sensitivity analysis based on age-adjusted reference values. Reference
values were internally adjusted for age using linear regression by calculating the
difference between the standard reference value and the calculated age adjusted
tumor marker value according to the outcome of the regression analyses of tumor
markers and age. In addition, types of imaging test (CT, MRI, or EUS) were
separately analyzed, and for CgA, a stratified analysis for PPI use was performed.
Analyses were conducted using SPSS 17.0 and R version 2.9.2.

Results
Study population
Of the total of 274 eligible MEN1 patients, 159 patients were included (Figure 1).
Seventy-three, 81, and 94 of those 159 patients were available for analysis of PP,
CgA, and glucagon, respectively. In 50 patients all three tumor markers were
assessed. Median age of the patients at the baseline assessment was 44 years
(range 16–78 years). There were more females than males (94 females and 65
males). Age and gender of the excluded and included patients were not statistically
different.

Tumor markers for diagnosing pNET
The AUCs of CgA, PP, and glucagon were small for all tumor markers. For patients
not using PPI, the AUC of CgA was also low [0.56 (95% CI 0.41–0.70)]. The
outcomes of the Se, Sp, LR+, LR−, and AUCs are listed in Table 1. The diagnostic
accuracy was comparable when an optimal cutoff point for these data was used.
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274 Eligible MEN1 Patients

Excluded (n=115)
- no reference standard (n=63),
- no matching laboratory results (n=50)
- disconcordant outcomes of imaging
studies (n=2)

159 Included Patients

Patients available per analysis
PP (n=73)
Glucagon (n=94)
CgA (n=81)
- subgroup with PPI (n=20)
- subgroup without PPI (n=61)
All three markers (n=50)

Figure 1 Flow chart of patient enrolled in the study for diagnostic accuracy of tumor markers
for pNET
Abbreviations: CgA, chromogranin A; PP, pancreatic polypeprtide; NET, neuroendocrine tumor; PPI,
proton pump inhibitors; n, number of patients

Table 1. Accuracy of the Tumor Markers for Diagnosis of pNET

Tumor marker

Outcomes of Reference
standard (n)
Positive Negative Total

CgA, μg/L
Positive
18
Negative
37
Total
55
b
CgA without PPI, μg/L
Positive
9
Negative
33
Total
42
b
CgA with PPI, μg/L
Positive
9
Negative
4
Total
13
Glucagon, ng/L
Positive
26
Negative
35
Total
61
PP, pmol/L
Positive
18
Negative
32
Total
50

a

a

Se and Sp

a

PPV and NPV

a

a

LR+ and LR-

a

AUC

a

b

7
19
26

25
56
81

Se 0.33 (0.21–0.47) PPV 0.72 (0.51–0.88)
Sp 0.73 (0.52–0.88) NPV 0.34 (0.22–0.48)

LR+ 1.22 (0.58–2.54)
LR− 0.92 (0.74–1.14)

0.48
(0.35–0.61)

1
18
19

10
51
61

Se 0.21 (0.11–0.37)
n.d.
Sp 0.95 (0.72–1.00)

LR+ 4.07 (0.55–29.9)
LR− 0.83 (0.70–0.98)

0.56
(0.41–0.70)

6
1
7

15
5
20

Se 0.69 (0.39–0.90)
n.d.
Sp 0.14 (0.01–0.58)

LR+ 0.81 (0.51–1.29)
LR− 2.15 (0.18–26.1)

0.47
(0.22–0.73)

9
24
33

35
59
94

Se 0.43 (0.30–0.56) PPV 0.74 (0.57–0.88)
Sp 0.73 (0.54–0.87) NPV 0.41 (0.28–0.54)

LR+ 1.56 (0.83–2.93)
LR− 0.79 (0.62–1.00)

0.58
(0.46–0.70)

6
17
23

24
49
73

Se 0.36 (0.23–0.51) PPV 0.75 (0.53–0.90)
Sp 0.74 (0.52–0.90) NPV 0.35 (0.22–0.50)

LR+ 1.38 (0.63–3.01)
LR− 0.87 (0.68–1.10)

0.64
(0.50–0.77)

Abbreviations: n.d., not determined; CgA, chromogranin A; PP, pancreatic polypeprtide Se,sensitivity;
Sp,specificity; PPV, positive predictive value; NPV,negative predictive value; LR+, positive likelihood
ratio; LR-, negative likelihood ratio; AUC, area under the receiver operating characteristic curve; PPI,
proton pump inhibitors
a With 95% CI.
b In the CgA analyses patients with lung, thymic, and gastric NET were excluded.
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Figure 2 represents the AUCs and the scatterplots of the outcomes of the tumor
markers in individual patients with and without pNET according to the reference
standard.

The analysis of the combined tumor marker CgA, PP, and glucagon was based on all
159 patients. The AUC was 0.59 (95% CI 0.50–0.68) with a LR+ of 1.50 (95% CI
1.01–2.22) and a LR− of 0.74 (95% CI 0.59–0.92). A total of 27 patients had elevated
tumor markers in the absence of pNET on imaging. In those patients the mean time
between first and last imaging was 2 years and a mean number of 3.2 additional
imaging studies was performed per patient, confirming the negative outcome of the
reference standard.

Figure 2 ROC curves of tumor markers for pNET with scatter plots of the observed results of
tumor marker levels for individual patients with and without pNET
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Tumor markers for metastatic disease
The Se, Sp, LR+, LR−, and AUCs of the individual tumor markers for diagnosing
metastatic disease are presented in Table 2. The prevalence of metastatic disease in
the population ranged from 7% to 12% in separate analyses, depending on the
number of patients included. The LR+ ranged from 1.50 to 1.89 and LR− from 0.66 to
0.75.

Table 2 Accuracy of the Tumor Markers for Metastatic Disease

Tumor marker
CgA, μg/L
Positive
Negative
Total
Glucagon, ng/L
Positive
Negative
Total
PP, pmol/L
Positive
Negative
Total

Outcomes of Reference
standard (n)
Positive Negative Total

a

a

Se and Sp

a

PPV and NPV

a

a

LR+ and LR-

a

AUC

a

b

8
7
15

31
75
106

39
82
121

Se 0.53 (0.27–0.79) PPV 0.21 (0.09–0.36)
Sp 0.71 (0.61–0.79) NPV 0.91 (0.83–0.96)

LR+ 1.82 (1.04–3.19)
LR− 0.66 (0.38–1.14)

0.66
(0.49–0.83)

4
4
8

36
72
108

40
76
116

Se 0.50 (0.16–0.84) PPV 0.10 (0.03–0.24)
Sp 0.67 (0.57–0.75) NPV 0.95 (0.87–0.99)

LR+ 1.50 (0.71–3.15)
LR− 0.75 (0.37–1.51)

0.74
(0.60–0.88)

4
4
8

19
53
72

23
57
80

Se 0.50 (0.16–0.84) PPV 0.17 (0.05–0.39)
Sp 0.74 (0.62–0.83) NPV 0.93 (0.83–0.98)

LR+ 1.89 (0.86–4.19)
LR− 0.68 (0.33–1.37)

0.73
(0.54–0.92)

Abbreviations: n.d., not determined; CgA, chromogranin A; PP, pancreatic polypeprtide Se,sensitivity;
Sp,specificity; PPV, positive predictive value; NPV,negative predictive value; LR+, positive likelihood
ratio; LR-, negative likelihood ratio; AUC, area under the receiver operating characteristic curve; PPI,
proton pump inhibitors
a With 95% CI.
b In the CgA analyses patients with lung, thymic, and gastric NET were excluded.

Factors influencing diagnostic accuracy
Correlations between the level of the tumor markers and tumor size, number, or age
were weak, with R2 ranging between less than 0.001 and 0.061 (Figure 3). The only
significant correlation found was between PP and age (P = .036). Adjusting for age
did not improve diagnostic accuracy of PP (AUC 0.57 95% CI 0.43–0.71). An
additional categorized analysis also showed no significant difference in the AUC of
tumor markers with tumor size, tumor number, or age (Table 3).

The accuracy of the tumor markers was not influenced by type of imaging used (CT,
MRI, or EUS) (Table 4). There were no statistically significant differences in the
diagnostic accuracy of CgA in stratified analyses for PPI use.
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Figure 3. Scatter plots with fitted regression lines showing the correlation between tumor
marker levels and tumor size, tumor number, and age

66

Tumor markers in the Diagnosis of pNET in MEN1
Table 3. Accuracy of the Tumor Markers for Diagnosing pNET Categorized for Tumor Size,
Tumor Number, and Age
AUC

AUC

AUC

AUC

AUC

AUC

Tumor Size
a
< Median

Tumor Size
a
≥ Median

Tumor Number
a
< Median

Tumor Number
a
≥ Median

Age
a
< Median

Age
a
≥ Median

CgA, μg/L

0.42 (0.27–0.58)

0.51 (0.35–0.67)

0.44 (0.27–0.61)

0.51 (0.36–0.66)

0.41 (0.23–0.58)

0.51 (0.30–0.74)

Glucagon,
ng/L

0.56 (0.42–0.70)

0.60 (0.45–0.75)

0.60 (0.44–0.76)

0.57 (0.44–0.70)

0.64 (0.48–0.81)

0.54 (0.36–0.72)

PP, pmol/L

0.57 (0.41–0.73)

0.70 (0.54–0.86)

0.58 (0.39–0.76)

0.67 (0.52–0.82)

0.64 (0.46–0.82)

0.61 (0.39–0.83)

Tumor
Marker
b

Abbreviations: CgA, chromogranin A; PP, pancreatic polypeprtide; AUC, area under the receiver
operating characteristic curve
Median tumor size was 13 mm; median tumor number was 2; and the median age was 44 years.
aWith 95% CI.
bIn the CgA analyses patients with lung, thymic, and gastric NET were excluded.

Table 4. Accuracy of the Tumor Markers for Diagnosis of pNET Categorized for Modality of
Imaging
a

a

a

Tumor Marker

CT AUC

MRI AUC

EUS AUC

CgA, μg/Lb

0.54 (0.39–0.68)
(n = 64)

0.44 (0.30–0.57)
(n = 70)

0.40 (0.19–0.61)
(n = 45)

Glucagon, ng/L

0.56 (0.39–0.73)
(n = 54)

0.65 (0.52–0.77)
(n = 82)

0.57 (0.27–0.88)
(n = 40)

PP, pmol/L

0.64 (0.49–0.80)
(n = 47)

0.56 (0.39–0.73)
(n = 51)

0.53 (0.29–0.77)
(n = 41)

Abbreviation: n, number of patients. CgA, chromogranin A; PP, pancreatic polypeprtide; AUC, area
under the receiver operating characteristic curve
aWith 95% CI.
bIn the CgA analyses patients with lung, thymic, and gastric NET were excluded.

Octreoscans were performed in 59 patients and were often performed to exclude
metastatic disease in patients previously diagnosed with pNET (2). Octreoscans
showed pancreatic uptake in 23 patients, and 21 had previously been diagnosed with
pNET on conventional imaging. PP and glucagon had greater accuracy for pNETs
positive on octreoscan, PP (AUC 0.79; 95% CI 0.63–0.96), and glucagon (AUC 0.81;
95% CI 0.63–0.98). There was no difference in the accuracy of CgA for lesions
positive on octreoscans compared with other modalities of imaging.

In 51 patients pNET was diagnosed using EUS. EUS was followed by FNA in 9
cases. FNA was positive for pNET in seven patients. In the other two patients,
samples obtained by FNA were not representative.
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Discussion
In this study the accuracy of CgA, PP, and glucagon for diagnosing pNET in MEN1
patients in daily clinical practice was low. In clinical practice, tumor markers for
diagnosing pNET are often measured simultaneously. Our results showed, that even
if the three tumor markers are measured in combination, the diagnostic accuracy can
be judged to be insufficient for diagnostic use. In a stratified analysis, the tumor
markers did not perform better in subgroups based on age, tumor size, number of
pNETs, and type of imaging. For the assessment of metastatic disease, AUCs were
slightly higher. PP and glucagon showed higher diagnostic accuracy for pNETs
positive on octreoscans; however, these results should be interpreted cautiously
because octreoscans were performed in a selected group of patients who had
already been diagnosed with pNET previously.
Strengths and limitations
To our knowledge, this study is the first to assess the diagnostic accuracy of tumor
marker for pNET in a large cohort of MEN1 patients. For the DMSG database, we
collected the data of 90% of the total MEN1 patient population, and this database is
therefore a true population-based database, reducing the chance of selection bias.

The prevalence of pNET in our study population was comparable with that in other
MEN1 cohorts; thus, our results seem generalizable (23;24). Results on the
diagnostic accuracy of tumor markers were also consistent in multiple stratified
analyses, suggesting a low risk of bias.

A few limitations should be discussed. First, pathology is the preferred reference
standard but often not available. In patients lacking pathology, we used the results of
MRI, CT, and EUS as the reference standard. The use of multiple reference tests
might overestimate the diagnostic accuracy of tumor makers (25). Diagnostic
accuracy might further be overestimated because the imaging studies and tumor
maker assessments were performed in the course of patient care and were not
blinded or standardized. To reduce the impact of these limitations, we required
positive or negative imaging tests to be confirmed by at least one consecutive test in
the course of follow-up. In this manner, the consistency of imaging results was part of
the reference standard, thereby reducing the chance of false-negative or false68
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positive findings. Furthermore, we used imaging results only from 2008 onward
because the accuracy of radiological and EUS examinations have improved in recent
years, with a sensitivity of 93% and a specificity up to 95% (26). Importantly, despite
these limitations that can lead to overestimating diagnostic accuracy, the diagnostic
value of all three markers was low in all analyses.

Another limitation is that numbers, especially for subgroup analyses, were rather
small, leading to imprecise estimates of diagnostic test performance. This imprecision
is captured in the limits of the CI. To circumvent the power problem inherent to binary
data, we also performed an analysis based on linear models, regressing tumor
marker levels and predictive values such as age and tumor size (after logarithmic
transformation).

4
The diagnostic value of the three combined tumor markers might have been
underestimated in our assessment because only one or two tumor markers were
assessed in many patients.

The use of standard reference values as currently used in daily clinical practice
instead of age-adjusted reference values seems justified because diagnostic
accuracy did not improve in the sensitivity analyses using age-adjusted reference
values.

Biochemical testing of gastrin, vasoactive intestinal peptide, glucose, insulin, and Cpeptide has also been suggested in the diagnosis of pNET (2). We did not assess the
diagnostic accuracy of these tests for the following reasons: fasting glucose, Cpeptide, and insulin were assessed when insulinoma was suspected based on
clinical symptoms, and high levels of gastrin can also originate from submucosal
duodenal gastrinomas, which cannot be detected reliably on conventional imaging
such as MRI and CT scans. Vasoactive intestinal peptide seldom was assessed in
our population.

Comparison with other literature
In previous studies elevated levels of CgA were specific for identifying
neuroendocrine tumors when non-MEN1 patients were compared with healthy
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controls, but sensitivity was variable (11;12;26;27). A few small studies already
suggested that sensitivity and specificity might be lower in MEN1 patients (14;15).
However, in these studies there was a possible selection bias, and criteria for
diagnosing pNET were often not clearly described. Our findings in a relatively large
and less biased patient sample now show that the AUCs of the tumor markers for
diagnosing pNET in MEN1 patients were low. The accuracy of tumor markers for
diagnosing patients with metastatic disease was slightly higher but still low. These
finding are in line with a recent study of 115 patient with gastroenteropancreatic NET,
in which the tumor markers CgA and PP were of limited value in diagnosing
metastatic disease (28). In this study, only seven MEN1 patients were included.

Clinical implications
Tumor makers are of low diagnostic value for detecting pNET in MEN1 patients.
Therefore, we think that imaging should be the preferred method of screening for
pNET. In times of evidence-based and cost-effective care, it is questionable whether
tumor markers must be used for the periodic assessment of MEN1 patients for
diagnosing pNET. The annual costs of the measurements of the tumor markers CgA,
PP, and glucagon are estimated at approximately € 110 per patient, according to the
2004 price list of the Dutch Health Care Insurance Board. The costs of imaging are
approximately €130 for CT and €180 for MRI, leading to annual costs of €65-€90
when these are performed once per 2 years, respectively. However, one study
suggested that once a tumor is identified, these biochemical markers, if elevated, can
possibly be useful in the follow-up of the treatment effect (29).

Conclusions
The value of CgA, PP, and glucagon for diagnosing pNET in MEN1 patients is low.
Longitudinal studies are now needed to examine the value of CgA, glucagon, and PP
as markers in the follow-up of MEN1 patients with pNET.
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Abstract
Context
The natural course and survival of neuroendocrine tumors (NETs) of thymus (Th) and
lung in multiple endocrine neoplasia type 1 (MEN1) patients are still unknown.
Objective
Our objective was to assess prevalence, tumor growth, and survival of Th and lung
NETs in an unselected MEN1 population with long-term follow-up.
Design
This was an observational study.
Patients and Methods
A longitudinal study was performed using the Dutch national MEN1 database,
including >90% of the Dutch MEN1 population >16 years of age. Patients under care
of the Dutch University Medical Centers (1990–2011) (n=323) were included.
Main Outcome Measures
The prevalence and survival of Th and lung NETs were assessed. Linear
mixed-models analysis was applied to assess tumor growth with age as a possible
confounder and gender, genotype and baseline tumor size as possible effect
modifiers.
Results
Th NETs occurred in 3.4% of patients, almost exclusively in males with a 10-year
survival of 25%(95%confidence interval = 8%–80%).A thoracic computed
tomography scan was available in 188 patients (58.2%). A lung NET was identified in
42 patients (13.0%) with a 10-year survival of 71.1% (95% confidence interval =
51%–100%). Tumor volume of lung NETs increased 17% per year (P <.001) (tumor
doubling time 4.5 years). Tumor doubling time in males was 2.5 vs 5.5 years in
females (P = .05). Lung NET growth was not associated with genotype or with
baseline tumor size (< 1 vs ≥ 1 cm).
Conclusion
In MEN1 patients, Th NETs almost exclusively occurred in males and had a very low
prevalence and a high mortality. Lung NETs occurred more often than previously
thought, had an indolent course, and occurred equally in both sexes. Tumor growth
in males was double compared with female patients.
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Introduction
Multiple endocrine neoplasia type 1 (MEN1) is an autosomal dominant inherited
disease, which is caused by the inactivation of the MEN1 gene located on
chromosome 11q13 encoding the tumor suppressor protein menin (1). The classic
clinical manifestations are parathyroid hyperplasia or adenomas leading to primary
hyperparathyroidism, neuroendocrine tumors (NETs) of pancreas and duodenum,
and pituitary adenomas (2). However, the clinical spectrum of MEN1 includes more
than 20 different tumors, including adrenal hyperplasia and adenomas, gastric NETs,
thymic (Th) NETs, and lung NETs. Patients with MEN1 have a shorter life expectancy
than the general population, mainly caused by the malignant potential of the MEN1related NET (3–5). The 20-year survival of MEN1 patients is estimated to be 64% (3).

Even though Th and lung NETs are relatively rare in MEN1, with an estimated
prevalence of 2.8% to 8% and 1.4% to 9.5%, respectively, these tumors are of major
concern (6–12). Th NET is an important cause of death among MEN1 patients (4;
13). The discovery of lung NET often leads to extensive diagnostic imaging and
sometimes to (major) thoracic surgery; however, the significance of lung NET for
morbidity and survival are yet unclear (5).

Periodic screening for tumor manifestations and subsequent treatment of MEN1
mutation carriers seems to lead to a more favorable survival (6;14). According to the
recently published clinical practice guidelines for MEN1, radiological screening for Th
and lung NETs is recommended every 1 to 2 years with a thoracic computed
tomography (CT) scan or magnetic resonance imaging scan (15).

However, at present, very little is known about the natural course and prognosis of
MEN1-related Th and lung NET (5;7;8;10;16–19). Consequently, the optimal
screening, follow-up, and treatment of these tumors in MEN1 are unclear up to now
(19). Therefore, in the present study, we assessed prevalence, tumor growth, and
survival of patients with Th and lung NETs in a large and unselected cohort of MEN1
patients.
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Patients and Methods
Study design
For the present analysis, patients were selected from the Dutch national MEN1
database of the DutchMEN1 Study Group (DMSG). All MEN1 patients diagnosed
according to the recently updated clinical practice guidelines, aged 16 years and
older, treated at one of the Dutch university medical centers (UMCs), were included
in the database (15). In each UMC, MEN1 patients were identified by a standard
identification procedure using the hospital diagnosis databases. This longitudinal
database with 21 years of follow-up includes >90% of the total Dutch MEN1
population (20). Clinical and demographic data were collected retrospectively by
medical record review in a standardized manner using predefined definitions. Data of
all identified patients were collected from every quarter of every available year of
follow-up during the period 1990 to 2011. The study protocol was approved by the
medical ethical committees of all UMCs in The Netherlands. Detailed information on
the DMSG database methods have been described previously (21).

Patient selection
Patients with Th NET were diagnosed based upon the results of a pathology
examination. Patients were considered to have a lung NET if (1) pathology
examination showed lung NET or (2) radiological examination was positive for lung
NET. Positive radiology was defined as a lesion on CT scan suspicious for lung NET
at the discretion of a senior radiologist. MEN1 patients with histological proven lung
metastases from other NETs (NET with pancreatic, gastric, or duodenal origin) were
excluded from the analysis. Patients with other NETs in their history and lung lesions
on imaging without histology were reviewed by an expert panel and excluded if the
lesions were more suspect for metastasis than a primary lung NET. All pathology
results from thymic and lung NETs were reviewed by an expert panel, and revision of
pathology was performed when tumor classification was in doubt. Follow-up of
patients with Th NET and lung NET was assessed from the moment of diagnosis
according to the predefined inclusion criteria.

Outcome measures
Primary outcomes were 10-year survival and the growth rate of Th and lung NETs.
Furthermore, we assessed the influence of gender, age at MEN1 diagnosis,
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prophylactic thymectomy, age at Th and lung NET diagnosis, type of mutation
(according to Human Genome Variation Society nomenclature), possible clustering
within families, immunohistochemical outcomes of pathological examinations,
Classification of Malignant Tumours (TNM)/World Health Organization (WHO) stage
on tumor growth and survival (22–25).

Statistical analysis
Survival was estimated using the Kaplan-Meier method. Survival curves were
compared with the log-rank test for gender, tumor size (<10 or ≥10 mm), mitotic rate
(<10 or ≥10 high-power fields), tumor extension in adjacent organs, and genotype.
Genotype was dichotomized to nonsense and frameshift mutations in exon 2, 9, or 10
vs other mutations, according to previous literature (26;27).

Linear mixed-models analysis was applied to assess changes over time in volume of
preoperative lung NETs. Time was used as a continuous variable and defined in
years. Because of nonnormal distribution, logarithmic transformation of the size of the
lung nodules was performed. Because of the repeated observations, multilevel
analysis was used accounting for clustering within patients. Possible effect
modification was assessed for gender, genotype, and the size of the lung nodules
≥10 or <10 mm at the first radiograph.
Clinical characteristics were reported as means and SDs or medians with
interquartile ranges when appropriate. Continuous variables were analyzed by using
independent-sample t test or Mann-Whitney U test. Dichotomous variables were
compared with Fisher's exact test or χ2 test.
In general, statistical significance was set at P < .05; however, for the analysis of the
interactions in the mixed-model analysis, statistical significance was set at P < .10.
All analyses were conducted using SPSS version 17.0 and R version 2.9.2.
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Results
Study population
A total of 323 MEN1 patients were included in the database. Median age of diagnosis
of MEN1 was 38 (range 8–80) years. The patients were part of 121 different MEN1
families. There was a female predominance (n = 188, 58.2%).

Thymic NETs
A Th NET was diagnosed in 11 MEN1 patients during follow-up (3.4%). Median age
at diagnosis of Th NET was 45.0 (range 36.0–60.0) years. Clinical characteristics of
the patients are summarized in Table 1. In 1 case (patient 11), the Th NET was
hormonally active showing ectopic production of ACTH. Th NET predominantly
occurred in male patients (91%). A total of 97 patients (29.9%) underwent
prophylactic transcervical thymectomy during parathyroidectomy (males 26.7% vs
females 32.3%). None of these patients developed Th NET during follow-up (P =
.038) after a median exposed time of 8 (range 0–40) years. The median age at which
prophylactic thymectomy was performed was 35.5 (range 17.0–66.0) years, and
median age of these patients at end of follow-up was 47.0 (range 20.0–78.0) years.
No genotype-phenotype association with the occurrence of Th NET was found; the
patients with Th NET were all from different MEN1 families, and all had a different
mutation. Additionally, of 8 patients with a Th NET, several family members (median
3, range 1–20) were included in the DMSG database and none developed a Th NET
in the course of follow-up.

Median survival of the 7 deceased patients after the diagnosis of Th NET was 4.4
(range 0.75–5.25 years) years. The Kaplan-Meier curve is shown in Figure 1A. The
10-year survival of patients with Th NET was 25% (95% confidence interval [CI] =
8%–80%) No association was found between survival and genotype, tumor size,
mitotic rate, or tumor extension into adjacent organs. The growth rate of Th NET
could not be assessed because all patients were operated when the diagnosis Th
NET was made. Pathological results can be found in Table 1.
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Figure 1. A. Survival curve with 95% CI for MEN1 patients with Th NET. B, Survival curve
with 95% CI for MEN1 patients with lung NET. Solid and dashed lines represent the survival
curve and 95% CI, respectively; vertical lines represent censored patients.

5
Lung NETs
Lung NET was diagnosed in a total of 42 patients (13.3%): in 15 patients by a
combination of imaging and pathology, 26 patients by radiological imaging, 1 patient
who was operated in 1971 by pathology (original radiological reports were not
available). Pathology was obtained by surgery in all histologically proven cases. In 1
patient with a small suspect lesion on imaging, fine-needle aspiration biopsy was
performed that showed no tumor cells. Routine diagnostic screening of the thorax for
lung NET was performed in 188 of the total 323 MEN1 patients. There were no
differences in gender and type of mutation between the patients who were screened
and those who were not screened (P = .78 and P = .14, respectively), whereas the
age at MEN1 diagnosis was higher in the unscreened population (P = .04). In 51 of
the screened patients, pulmonary nodules were identified. Ten patients with
pulmonary nodules were excluded from the analysis because the nodules were
histologically proven metastases of other NETs (n = 2) or were probably metastases
from other NETs (n = 8).
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Forty-eight percent of patients with lung NETs were male. The median age of
diagnosis was 42 (interquartile range, 38–48) years. None of the lung NETs were
hormonally active. In 26 patients, the tumor size at diagnosis was <10 mm, and in 16,
the tumor size was ≥10 mm. Fourteen patients had lung NETs of both lungs (2
patients had nodules ≥10 mm in both lungs, 6 patients had bilateral nodules <10 mm,
and 6 patients had nodules ≥10 mm at one side and nodules <10 mm at the other
side). The median follow-up from the moment of diagnosing lung NET to the end of
follow up was 3.25 years (13 [interquartile range 5–22] quarters). Table 2 shows the
clinical characteristics of patients of whom a histological diagnosis was available.
There was no genotype-phenotype association with regard to occurrence of lung
NET.
Five patients died during follow-up. Mortality was not related to lung NET, and the
overall 10-year survival was 71.1% (95% CI = 51%–100%) (Figure 1B).

5

In 16 patients a lung NET was surgically removed. The indications for surgery were
the intention to cure in 13, diagnostic in 2, and unknown in 1 patient. Most patients
undergoing surgery for lung NET were asymptomatic. Only 3 patients had complaints
of flushes and diarrhea in the absence of other NETs. These symptoms did not
improve after lung NET surgery. In the subgroup of operated patients, 4 patients died
and median follow-up was 5.25 years (21 [range 2–145] quarters) (Table 2). Patients
not operated for lung NET had a median follow-up of 2.25 (range 1–34) years, and 1
patient died during follow-up. The survival of patients with lung NETs was not
different for operated and nonoperated patients (P = .68).
Genotype, gender, and tumor size at diagnosis of lung NET did not significantly
influence survival (log-rank test P = .56, P = .21, and P = .77, respectively).
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Increase of tumor volume of lung NETs was 17% per year (4% per quarter-year) (P <
.001) with a subsequent tumor doubling time of approximately 4.5years. Lung NET
growth rate was higher in males compared with females (P = .05) with an increase of
tumor volume of 36% for males (P < .001) and 13% for females (P = .01). This results
in a tumor doubling time of approximately 2.5 years in male and 5.5 years in female
patients. In stratified analysis, the association between gender and tumor growth was
not influenced by age of lung NET diagnosis, indicating that the tumor growth rate
was the same in pre- and postmenopausal women. Lung NET growth was not
significantly associated with type of mutation (P = .53) or with baseline tumor size
(≥10 or <10 mm) (P = .60).
Discussion
This nationwide longitudinal study shows that Th NETs almost exclusively occurred in
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male MEN1 patients, with a prevalence of 3.7% and a 10-year survival of 25%,
indicating that Th NET has a poor prognosis. Lung NET was a more common MEN1
manifestation with a prevalence of 13% in patients who underwent thoracic imaging.
Overall 10-year survival of lung NET was 71%, and the cause of death of the
deceased patients was not related to lung NET. Increase of tumor volume of lung
NET was approximately 17% per year, resulting in an overall tumor doubling time of
approximately 4.5 years. Intriguingly, the lung NET growth rate was much higher in
male patients compared with female patients.

Strengths and limitations
In this study, we analyzed the prevalence, long-term course, and survival of Th NET
and lung NET in a national cohort of MEN1 patients. To our knowledge, this is the
first study assessing the growth rate of lung NET in MEN1 patients. For the
DutchMEN1 study group database data of >90% of the total Dutch MEN1 patient
population were collected, and this database is therefore a true population-based
database, hereby reducing the chance of selection bias. In addition, data were
collected according to a predefined protocol for each quartile that was based on the
predefined study questions, enabling a reliable modeling of tumor volume.

Some limitations should, however, be discussed. First is the retrospective nature of
the study. The decision to perform surgery for lung NET was made at the discretion
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of the treating physicians. In addition, for the analysis of tumor growth rate, we had to
rely on data from imaging studies performed in the course of patient care that were
not blinded or standardized. Interpretation of imaging was made by different
radiologists who were aware of previous results from the same patient. However, in
the analysis, individual repeated observations of the size of lung nodules were taken
into account in the multilevel analysis to prevent overestimation of the precision of the
outcomes. Furthermore, by excluding patients with radiological suspected and/or
histologically proven metastases from another NET, we intended to include only lung
nodules of patients highly suspected for lung NET.

Second, biannual radiological screening by CT or magnetic resonance imaging scan
for lung and Th NET as recommended by current guidelines was not performed in
roughly 40% of our cohort. This concerned patients who were generally followed up
during the earlier years of the study. This might have led to an underestimation of the
true lung NET prevalence. Still, we found a higher prevalence of lung NET than was
expected based on available literature, indicating that the prevalence of lung NET is
often underestimated (6;11–13). This discrepancy in the prevalence of lung NET is
probably caused by the use of plain chest radiographs and only sporadic use of CT
scans in the screening for lung NETs by older studies and the improved quality of
current CT scans, which enabled us to include more small lesions suspect for lung
NET (11, 12, 19). Pathology was not available for these smaller lesions, but the
longitudinal analysis showed that small nodules (<10 mm) had a growth rate similar
to larger lesions (≥10 mm), indicating that the small lesions were indeed lung NETs.
Finally, we could not demonstrate a significant correlation between clinical
characteristics and survival in Th NET. This should be interpreted with some caution.
Even though we studied a relatively large cohort of MEN1 patients, the absolute
number of patients with Th NETs was low.

Comparison with other literature
The prevalence, male predominance, and mean age at diagnosis of Th NET found in
our study is in line with previous results from other studies (7;8;10;13;28;29). Survival
analysis showed a 10-year survival of only 25%, which is comparable with the 10-
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year survival of 36% in a previous study (9). Although 2 previous studies found small
clusters of Th NET within MEN1 families, our results do not confirm this (7;16).
The protective value of prophylactic thymectomy has been subject to debate. In our
study, no Th NET was found in patients who underwent preventive cervical
thymectomy. Development of Th NET after thymectomy is possible, because usually
only a cervical thymectomy is performed during hyperparathyroidism surgery,
presumably leaving an intrathoracic part of the thymus behind. Although previous
case reports show that prophylactic cervical thymectomy does not completely prevent
the development of a Th NET, our data show a significant reduction in risk for Th
NET (7;9;29;30). Also, most patients in our group who underwent prophylactic
cervical thymectomy had reached the age at which a Th NET can be expected by the
end of follow-up. These findings are supported by another study (16).
The increase in tumor volume over time of lung NETs appeared to be low with an
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overall tumor doubling time of approximately 4.5 years. Intriguingly, we also found
that the growth rate of lung NETs was significantly higher in male patients compared
with female patients. Gender-related differences in MEN1 phenotype are increasingly
recognized. A recent large MEN1 cohort showed gender-related differences in the
prevalence of gastrinoma and insulinoma (31). To our knowledge, we are the first to
report gender-related differences in the natural course of a MEN1-related NET. At
present, these gender-related differences have not been explained. The recently
discovered interactions between menin and estrogen receptor-α-mediated
transcription might play a role in gender-related differences in the MEN-1 phenotype
(32).
Lung NETs turned out to be a far more common MEN1 manifestation than is
currently presumed. In contrast to most previous studies, we also analyzed small
lesions identified on imaging classified as lung NET (12;13;19;33–35). The
longitudinal analysis showed that small nodules (<10 mm) had a growth rate that was
similar to larger lesions (≥10 mm), indicating that the small lesions were indeed lung
NETs. The prevalence of a histological diagnosis of lung NET in our study was 4.9%,
which is in line with estimations of lung NET prevalence in previous studies (9;19). In
contrast to sporadic cases of lung NETs, the lung NETs in our cohort were not
clinically functional, which is consistent with previous reports in MEN1 (5).
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The survival analysis showed that lung NETs have a good prognosis with 10-year
survival of 71.1%, which is consistent with other studies in MEN1 patients (13;17–
19). Of the deceased lung NET patients, none died because of the lung NET.
Interestingly, the 4 patients with atypical carcinoids also had a relatively good
prognosis in our cohort. These patients had mitotic rates of 2% to 5%, which is in the
low range for atypical carcinoid. This might explain the good prognosis. Additionally,
in recent years, higher 10-year survival rates have been reported in sporadic atypical
carcinoids (36). Data on MEN1-related atypical carcinoids in literature are too scarce
to draw conclusions about potential differences in tumor behavior between sporadic
and MEN1-related atypical carcinoids.
Clinical implications
Because of the aggressive course of Th NET, frequent imaging is currently advised
(15). However, due to the low incidence of Th NET, especially after cervical
thymectomy, the number needed to be repeatedly screened to timely identify a
patient with a Th NET is very high. More research on the impact of prophylactic
thymectomy on Th NET incidence is necessary to establish a definitive
recommendation on screening the total MEN1 population for Th NET. In the current
guidelines, surgery is still advised for lung NET in MEN1 patients (15). However,
given the relatively indolent behavior of lung NET in combination with the lack of a
beneficial effect on survival and symptoms, the clinical indications and intended
benefit of (early) surgery for MEN1-related lung NET, especially in females, can be
debated. Specifically, little is still known about the prevalence and course of atypical
carcinoids in MEN1.
Conclusion
In conclusion, Th NETs almost exclusively occur in males and have a very low
prevalence. However, mortality from Th NET is high. Cervical thymectomy
significantly reduces the incidence of Th NET. Lung NETs are much more common
than was reported in previous literature but have a good prognosis. Lung NETs occur
equally in both sexes, but the increase in tumor volume in males is much higher
compared with females, with tumor doubling times of approximately 2.5 years and 5.5
years, respectively.
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Abstract
Context
Guidelines advise lifelong radiological followup for asymptomatic pituitary adenomas
(PITs) because of the risk for growth and subsequent visual field defects. In the
context of multiple endocrine neoplasia type 1 (MEN1) an even more comprehensive
screening is advised because PITs are presumed to manifest more aggressive
behavior. We studied the long-term course of MEN1- related PITs, which may be
used as a model for sporadically occurring PITs.
Objective
The aim of our study is to assess the results of systematic pre-symptomatic PIT
screening and subsequent long-term followup of PITs with emphasis on
nonfunctioning microadenomas diagnosed by screening.
Patients and Methods
A cohort study was performed using the Dutch national MEN1 database, including
greater than 90% of the Dutch MEN1 population older than 16 years (n = 323).
Main Outcome Measures
Screening results, natural course, and effects of treatment of PIT were assessed.
Results
PIT was diagnosed in 123 patients with MEN1 (38.1 %), of whom 66 were diagnosed
by MEN1-related screening. Ninety-one percent of the nonfunctioning PIT detected
during screening (n = 35), did not require intervention during followup (median, 6.0 y).
Three microadenomas showed limited growth but did not progress toward
macroadenomas. Both screening-detected and prevalent prolactinomas (n = 52)
responded well to treatment with dopamine agonists.
Conclusion
Systematic presymptomatic screening for PIT in patients with MEN1 predominantly
results in detection of nonfunctioning microadenomas. Prolactinomas in patients with
MEN1 responded well to medical treatment. Microadenomas grew only occasionally
and after many years without clinical consequences. Frequent magnetic resonance
imaging followup of nonfunctioning microadenomas in the context of MEN1and
sporadically occurring PITs therefore seems debatable.
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Introduction
Pituitary tumors (PITs) are among the three characteristic neoplasms associated with
the genetic disease Multiple Endocrine Neoplasia type 1 (MEN1) (1). Although PITs
are relatively benign tumors, they can cause significant morbidity. Clinical symptoms
depend on the type and presence of hormonal hypersecretion, the presence of
hypopituitarism, and the size of the PIT. Pituitary macroadenoma (> 10 mm) can
cause ophthalmologic symptoms, especially visual impairment because of
compression of the optic chiasm.

Management of PIT has significantly improved in the past decades, but a few
important questions on the management of PIT both outside and within the context of
MEN1 remain unanswered (1– 4). MEN1-associated PITs are generally considered
to be more aggressive than sporadic PITs, and more often unresponsive to medical
treatment (especially in prolactinomas) necessitating earlier surgery (1;5–7). For this
reason relatively frequent screening for PITs in patients with MEN1 was introduced in
2001 (1;8). To date, it is unclear whether this frequent screening results in earlier
detection of PIT with consequent improved patient outcomes in the long-term.

In the general population, asymptomatic nonfunctioning PITs are often diagnosed as
an incidental finding because of improved imaging techniques and increasing use of
magnetic resonance imaging (MRI) for various reasons (2; 9). The clinical
significance of such incidentalomas is still uncertain. The current clinical practice
guideline for pituitary incidentalomas advises lifelong radiological followup
(2). However, only limited long-term follow-up data are available for microadenomas
(10).

Therefore, in the present study we evaluated the diagnosis, treatment, and long-term
course of PITs in a large, unselected, nationwide cohort of patients with MEN1. We
assessed the yield of screening, natural course, and the effects of the treatment of
PITs in the course of the structured long-term followup of patients with MEN1. In
addition, within the subgroup of asymptomatic patients with nonfunctioning PITs
detected by screening, we assessed tumor growth and complications of growth
during longterm followup. Because of the standardized presymptomatic
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screening protocol and followup of PITs in MEN1, these results can be used as a
model for the natural course of pituitary incidentalomas in the general population.

Materials and methods
Study design
Patients were selected from the DutchMEN1 study group (DMSG) database. This
database includes more than 90% of the total Dutch MEN1 diagnosed population
according to the recently updated clinical practice guidelines, age 16 years and older,
and treated at one of the eight Dutch University Medical Centers (UMCs) (1;11). Data
of all identified patients (eg, laboratory and pathology results and radiological
imaging) were collected from every quarter of every available year of followup
during the period of 1990–2011. Patients diagnosed with PIT were further followed
until 2014. Further details on the DMSG database methods have been described
previously (12). The Medical Ethical Committees of all UMCs in The Netherlands
approved the study protocol.

Disease definitions
Reference standard for the diagnosis of PIT was 1) pathology and/or 2) radiological
examination compatible with the presence of PIT. PIT diagnosed on MRI had to be
confirmed at least once by consecutive imaging or by elevated hormonal levels (> 2
SDs of reference values) reflecting hormonal hypersecretion. Pituitary adenomas
were classified as micro- (tumor diameter < 10 mm), or macroadenoma (≥ 10 mm)
(13). Subclassification into hypersecreting and nonfunctioning (nonsecreting) PIT was
based on laboratory test results. Classification of the different types of hypersecreting
PIT (prolactinoma, somatotroph adenoma, corticotroph adenoma, gonadotroph
adenoma and cosecreting PIT) was based on current recommendations and
guidelines (3;4;14–16). PIT and hyperprolactinemia restricted to a period of
pregnancy or antipsychotics use were classified as nonfunctioning (17).

In accordance to the current practice guidelines, we measured prolactin and IGF-1
for PIT screening. Laboratory tests used to assess PIT classification included TSH
and free T4, dexamethasone suppression test, cortisol, ACTH) LH/FSH, estradiol,
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and testosterone. Background information on laboratory methods and characteristics
of the different assays used across participating centers can be found in the
Supplemental Appendix.

Outcome measures
The incidence rate of PIT in patients with MEN1 was assessed for the periods before
(1990–2001) and after (2001–2011) screening was performed according to the
guidelines published in 2001 (1). Genotype-phenotype correlations were investigated
by comparing patients in whom no mutation of the MEN1 gene could be identified
(MEN1 mutation–negative patients) to patients with nonsense or frameshift mutations
in exons 2, 9, or 10, or to patients with other MEN1 gene mutations. A diagnosis of
MEN1based on clinical criteria without aMEN1gene mutation may be confounded by
the occurrence of phenocopies, and those patients may present with a different
disease course (1). Previous studies have demonstrated that nonsense or frameshift
mutations in exons 2, 9, or 10 (the N- and C-terminal regions of the MEN1gene) are
associated with more aggressive pancreatic neuroendocrine tumors (18). We
therefore assessed whether age- related penetrance, type of hormone
hypersecretion, followup, and treatment are different between these genotypes.

The primary outcome measure for nonfunctioning PITs was size increase of
untreated PITs on follow-up MRI. The primary outcome measure for hormonehypersecreting PITs was control of excess hormonal secretion after treatment and
the secondary outcome was size increase of PITs on follow-up MRI. Treatment
modalities were categorized by medical treatment, surgery, and radiotherapy.
Combination treatment was defined as the simultaneous use of two or more
treatment modalities. Multimodal treatment was defined as the concomitant use of
other treatment modalities after a failure to achieve hormonal control within 1 year of
initial treatment.

Furthermore, we assessed the histopathological results of operated MEN1associated PITs. Pathological results were classified according to the 2004 World
Health Organization classification (17). Effect of sex, age at MEN1 diagnosis, age at
PIT diagnosis, period of PIT diagnosis (before or after 2001), and type of mutation
(according to Human Genome Variation Society nomenclature) on the prevalence of
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PIT were assessed. We performed a subgroup analysis of patients with a
nonfunctioning PIT who were asymptomatically diagnosed within the screening
protocol. In this subgroup we assessed treatment and size increase on follow-up MRI
in untreated cases.

Statistical analysis
Clinical characteristics were expressed as means with standard deviations or
medians with ranges when appropriate. Independent sample t test or Mann-Whitney
U test were used to analyze continuous variables. Dichotomous variables were
compared with Fisher exact test or χ2 test. Incidence rate was calculated as a
person-time incidence rate for the two timeframes with 95% confidence interval (CI).
Age-related penetrance was assessed using a competing risk model analysis
accounting for death. Statistical significance was set at P<.05 All analyses were
conducted using SPSS version 20.0 (IBM) and R (R Development Core Team)
version 2.9.2.
Results
General characteristics and PIT diagnosis
A total of 323 patients with MEN1 were included. All patients were genetically tested.
A nonsense or frameshift mutation in exons 2, 9, or 10 was detected in 110 patients,
other MEN1 mutations were found in 183 patients, and 30 patients were MEN1mutation negative. Coincidence of hyperparathyroidism was higher in patients with
PIT compared with patients without PIT (91.9 vs 75.9%; P = .001) In addition, MEN1
mutation–negative patients had a PIT diagnosed more often. There were no further
baseline differences in patients with or without PIT (Table 1). Radiological pituitary
screening by MRI was performed in 281 of the 323 MEN1 (87.0%) patients. Prolactin
and IGF-1 levels were assessed in 96.6 and 92.2% of patients, respectively.
Laboratory values assessed for characterizing the nature of PIT were TSH and free
T4 in 95.1%, dexamethasone suppression test in 81.3%, cortisol in 90.2%, ACTH in
61.8%, and LH/FSH in 78.0% of patients with PIT. Estradiol was assessed in 61.5%
of female patients with PIT and testosterone in 95.6% of male patients with PIT.
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Table 1. Baseline demographic and MEN1-related characteristics compared between
patients with and without pituitary tumors

Sex
male
female
Age at MEN1 diagnosis
Age at first MEN1-related manifestation
MEN 1 Mutation
none identified
nonsense or frameshift mutation in exon 2, 9, or 10
other mutation
a
MEN1 manifestations
hyperparathyroidism
pancreatic- and duodenal NET
Other MEN-1 associated tumorsa
adrenal tumor
gastric NET
lung NET
thymic NET

With PITb
(N=123)

No PITb
(N=200)

P- value

45 (36.6%)
78 (63.4%)
36.8 ± 15.2
33.5 ± 13.6

90 (45.0%)
110 (55.0%)
38.6 ± 16.2
36.2 ± 14.1

0.163
0.324
0.100

21(17.0%)
41 (33.3%)
61 (49.6%)

9 (4.5%)
69 (34.5%)
122 (61.0%)

0.005

113 (91.9%)
65 (62.5%)

151 (75.9%)
98 (51.6%)

0.001
0.086

32 (30.8%)
6 (14.5%)
12 (16.9%)
6 (8.1%)

62 (33.2%)
5 (6.7%)
30 (25.6%)
5 (4.1%)

0.697
0.193
0.207
0.338

Abbreviation: NET, neuro-endocrine tumor.
Data are either mean ± SD or n (%).
a As percentage of patients screened for this manifestation.
b Pituitary tumor

PIT was diagnosed in 123 patients (38.1%); 71 were hypersecreting adenomas, and
52 nonfunctioning adenomas. In 57 cases (46.3%) PIT was diagnosed prior to the
diagnosis of MEN1, 36 of whom, the PIT was the first clinical manifestation of MEN1.
In 66 cases, PIT was diagnosed by screening asymptomatic patients. Screening
revealed less hypersecreting PITs compared with PITs not detected by screening
(47.0% vs 70.2%, P =.009). PITs diagnosed before MEN1 diagnosis were more often
macroadenomas compared with screening-detected PITs (81.2 vs 46.3%; P < .001).
Main characteristics of the PITs analyzed in this study are shown in Table 2.

The incidence rates of PIT were 34.0 (95% CI [CI], 20.5–53.1) and 34.6 (95% CI,
25.4–46.0) per 1000 patient years between 1990 and 2001, and 2001 to 2011,
respectively. In 20 of the 66 screening-detected cases (30.3%), PIT was diagnosed
at the first MRI performed as part of screening in the followup of MEN1, and no
previous MRI was available. In the other 46 cases, previous MRIs were negative for
PIT, and median time between the diagnosis of MEN1 and the identification of PIT
was 5.5 years (range, 1.3–33.8 y).
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Table 2. Clinical characteristics of patients with PIT
Type of
pituitary
tumor

Prolactinoma
Somatotroph
adenoma
Corticotroph
adenoma
Gonadotroph
adenoma
Co-secreting
Nonfunctioning

Number Sex

52

Size at diagnosis

Age at
diagnosis

Pituitary tumor diagnosis Pituitary tumor diagnosis

Prior to MEN1 During
Female Male Microadenoma Macroadenoma Unknown Years (SD) diagnosis
followup
38
14
30
20
2
34 (12)
27
25

1990 < 1990 2001
2001 - 2010
8
26
18

8

6

2

2

6

n/a

51 (10)

7

1

2

2

4

4

0

4

4

0

n/a

34 (14)

1

3

0

2

2

2
5

2
4

0
1

1
5

1
n/a

n/a
n/a

46 (8)
32 (7)

2
3

0
2

0
0

2
4

0
1

52

28

24

39

13

n/a

42 (17)

17

35

3

7

42

Abbreviation: n/a, not applicable

Age-related penetrance of PIT is shown in Figure 1. Age-related penetrance was
comparable in MEN1 mutation– negative patients; patients with nonsense or
frameshift mutations in exons 2, 9, or 10; and other mutations (Supplemental
Appendix). There were no significant differences in type of hypersecretion, size at
diagnosis, treatment, or response to treatment between patients with nonsense or
frameshift mutations in exons 2, 9, or 10, or other mutations. In a total of 21 patients
with PIT (17.0%), no MEN1 mutation was found. Most MEN1 mutation–negative
patients was symptomatic, requiring direct treatment in 18 patients (85.7%) of whom
14 (66.7%) were treated by pituitary surgery. Size at PIT diagnosis in MEN1
mutation–negative patients was significantly larger (30.9 ± 16.1 mm) compared with
cases with a MEN1 mutation (8.9 ± 0.7). However, response to treatment in MEN1
mutation–negative patients was comparable with the mutation-positive patients;
residual growth on follow-up MRI was found in only one MEN1 mutation– negative
patient (Supplemental Appendix).

There were eleven pediatric cases of PIT (four hypersecreting, seven nonfunctioning
microadenomas); all patients were 15 years old or older at time of PIT diagnosis. The
hypersecreting PITs were initially medically treated; two were additionally treated by
surgery: one prolactinoma after growth and the corticotroph adenoma because of
persistent hypersecretion. The seven pediatric nonfunctioning microadenomas all
had a stable size at followup MRI, which was performed after a median followup of
5.5 years (range, 3.3–25.3 y).
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Figure 1. Age-related penetrance of pituitary tumors in patients with MEN1

Nonfunctioning PIT
Of the 52 patients with a nonfunctioning PIT, 39 presented with a microadenoma and
13 with a macroadenoma (Figure 2). Seven macroadenomas (53.9%) were treated
surgically at time of PIT diagnosis, followed by radiotherapy in one patient. At followup MRI, no tumor regrowth was found in the six patients who did not undergo
radiotherapy (median follow up, 5.5 y; range, 1- 26.8 y). In initially untreated
nonfunctioning PITs, no new clinical symptoms related to PIT were seen in 43/45
(95.6%) (median followup, 5.5 y; range, 3–32.3 y). One patient with a macroadenoma
was operated transsphenoidally after having developed an apoplexia. Another patient
developed mild hyperprolactinemia by pituitary stalk compression; this condition was
well controlled with a dopamine agonist. In the remaining 43 untreated patients,
stable tumor size in 40 patients (93.0%) after a median follow up of 6.0 years was
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observed. Three microadenomas showed tumor growth at radiological followup
without clinical consequences and none progressed to a macroadenoma. In one
patient PIT growth was found 10 years after initial diagnosis at the sixth repeat MRI.
Growth of PIT over time is described in Supplemental Table 2.

Figure 2. Flowchart of treatment and outcomes for nonfunctioning pituitary tumors

Nonfunctioning PIT detected by screening
The size of the 35 nonfunctioning screening-detected PITs was smaller compared
with prevalent cases 6.7± 4.8 vs 16.0 ± 10.8 mm, respectively (P < .001). There were
four macroadenomas (11.4%). Two of these macroadenomas required treatment, as
described above. Of the 31 microadenomas only one patient was medically treated
after developing mild hyperprolactinemia by pituitary stalk compression. After a
median followup of 5.3 years (range, 3–18.7 y), minimal tumor growth (median
change in size, 2.0 mm; range, 1.5–2 mm) was detected in three patients (9.7%) at
follow-up MRI, without clinical consequences and none of these microadenomas
progressed to a macroadenoma.

Hypersecreting PIT
The vast majority of hypersecreting PITs were prolactinomas (52 of 71; 73.2%).
Treatment and outcomes of the 52 prolactinomas is shown in Figure 3. Thirty-four
patients were treated upon diagnosis; 30 patients were given medication and four
were treated by the combination of medication and surgery. All surgeries for
prolactinomas were performed before 1990 (range, 1978–1986). In 31 of the 34
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immediately- treated patients (91.2%) hormonal control was achieved during followup
(median, 13.8 y; range, 2.5–32 y). Three patients had persistent hyperprolactinemia.
In one patient the prolactinoma increased in size despite dopamine agonist therapy;
however, no surgical intervention was necessary.

Of 18 initially untreated prolactinomas, nine developed symptoms for which
dopamine agonists were started after a median of 6.0 years (range, 1–16.3 y),
resulting in hormonal control in eight patients. One patient had persistent
hypersecretion; this same patient also had limited growth before start of medical
treatment. Tumor size was stable after treatment was started. The nine other patients
(50.0%) remained untreated during a median followup of 16.3 years (range, 3–22.3
y); seven of those patients had an asymptomatic microadenoma. One patient had an
increase of size on follow-up MRI from 11 to 37 mm, 11 years after diagnosis without
clinical consequences after a total followup of 22 years.

6

Figure 3. Flowchart of treatment and outcomes for prolactinoma

Twenty-five prolactinomas were diagnosed by screening, of which 11 (44.0%) were
directly treated compared with four of the 27 cases diagnosed before MEN1
diagnosis (prevalent cases) (P = .008). Difference in size at diagnosis between
screening-detected and prevalent cases was not significant 9.7 ± 7.6 vs 12.5 ± 6.0
mm respectively (P = .221). Nine patients (36%) diagnosed by screening remained
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untreated during a median followup of 12.8 years (range, 3–22.3 y), whereas
treatment was started in all prevalent cases during followup (P < .001). Three
patients (12.0%) with a prolactinoma diagnosed during screening had persistent
hypersecretion after start of dopamine agonist but none underwent surgery. In the
prevalent prolactinoma group, hormone levels normalized in all patients, but four
patients diagnosed before 1990 underwent surgery as part of primary treatment.

In the eight patients with somatotroph adenomas, hormonal control was achieved
with multimodal therapy (n = 2), combination therapy (n = 5), and medical treatment
only (n = 1). The PIT size was stable in the six patients where follow-up MRI was
available after a median followup of 13.3 years (range, 4.0–30.8 y). Interventions
(medical and surgical) and followup of all secreting PITs are described in the
Supplemental Appendix. The one FSH-secreting PIT for which no intervention was
deemed necessary showed tumor growth from 3 to 11 mm; however, clinical
consequences were not observed.

Pathology results
Table 3 shows the clinical and pathological characteristics of the 23 surgically treated
PIT patients. One of the PITs was characterized by at least 3% Ki-67-positive nuclei.
Only one of the operated patients had a grade 2b PIT.
Discussion
In this nationwide MEN1 cohort study the prevalence of PIT was 38%, with
approximately two thirds of them being microadenomas. Incidence of PIT in our
screening program for patients with MEN1 is 34 per 1000 patient years. Pituitary
tumors detected by screening were pre predominantly nonfunctioning
microadenomas that did not require treatment. Nonfunctioning PITs were stable in
size over time, and initially untreated patients with a nonfunctioning PIT rarely
developed symptoms requiring treatment at long-term followup. Response to medical
treatment of prolactinomas was good, with a response rate of more than 90%.

Strengths and limitations
In this study, prevalence and survival of PIT was analyzed in a national cohort of
patients with MEN1. This study includes followup until 2014, and is the first MEN1
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Table 3. Pathology results of Pituitary tumors
Number Sex

1

Type of
Genetic mutation
Pituitary tumor

Age at
diagnosis
(years)
29

PA
atypic

PA
necrosis

MIB1/M

WHO
classification

Grade

N

N

MIB1 2 – 3% A,E,II

2b

29

N

N

M1B1 <1%
M=0
MIB1 <3%
(low
proliferation
index)
MIB1 1%
MIB1 < 1%

C,III

2a

0,E,II

2a

0,E,II
A,E,II

2a
2a

MIB1 < 1%
MIB1 2%
M=0
MIB1 1%
M=0
ND

0,E,II
0,II

2a
1a

A,IV

2a

ND

ND

0,I
A,II

1a
1a

ND

2

Female Non-functioning Exon 2, in-frame deletion
c.358_360del(p.Lys120del)
Female Non-functioning N

3

Male

Non-functioning Exon 9, nonsense mutation
c.1258C>T(p.Arg420X)

42

N

Y

4
5

60
61

N
N

N
N

6
7

Female Non-functioning N
Male
Non-functioning Exon 2, in-frame deletion
c.358_360del(p.Lys120del)
Male
Non-functioning N
Male
Non-functioning N

61
63

N
N

N
N

8

Female Non-functioning N

73

N

N

9

Female Prolactinoma

17

ND

ND

10
11

Female Prolactinoma
Female Prolactinoma

Exon 2, in-frame deletion
c.358_360del(p.Lys120del)
N
N

39
48

N
N

N
N

12

Male

Prolactinoma

Exon 2, in-frame deletion
c.358_360del(p.Lys120del)

50

N

N

M=0
MIB1 < 1%
M =1
ND

13

Male

Y

N

M=3

ND

Female

Intron 3, splice mutation
670-6C>G(p.?)
N

37

14

54

N

N

Female

N

54

N

N

E,II

2a

16

Female

N

55

N

N

0,I

1a

17

Female

N

61

N

N

MIB1 2%
M=0
MIB1=0
M=0
MIB1=0
M=0
MIB1 < 1%

A,II

15

0,II

1a

18

Female

Somatotroph
adenoma
Somatotroph
adenoma
Somatotroph
adenoma
Somatotroph
adenoma
Somatotroph
adenoma
Somatotroph
adenoma

Proliferation
ND, noninvasive
Proliferative,
invasion ND
1a

N

63

N

N

MIB1 < 1%

0,II

1a

19

Male

N

ND

1b

46

N

N

0,E,II

2a

21

Male

N

48

N

ND

MIB1 2 –3%
M=1
MIB1 < 1%
M <10
M=0

0,I

Male

Exon 2, frameshift mutation
c.207dup(p.Asp70fs)
N

15

20

Corticotroph
adenoma
Somatotroph
adenoma
Corticotroph
adenoma

0,I

1a

22

Male

Corticotroph
adenoma

Deletie exon 1 t/m 3
c.-110-?_669+?del(p.?)

32

N

N

M=0

0,I

1a

23

Female Gonadotroph
adenoma

Exon 10, missense mutation 40
(Ala541Thr)

N

N

MIB1 < 1%
M =1

B,II

1a

6

Abbreviations: ND, Not Determined; PA, pathology; Y, yes, present; N, no, absent; MIB1, Ki-67
(formalin fixative); M, mitoses (per 10 hpf)
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cohort evaluating the results of the implementation of systematic presymptomatic
screening as recommended by international consensus guidelines (8;19). For the
Dutch MEN1 cohort, we included > 90% of the total Dutch MEN1 patient population,
and this database therefore reflects a population-based cohort.

A few limitations should be discussed. MRI has approximately 90% sensitivity and a
similar specificity for secreting PIT (6). Diagnostic accuracy for detecting
nonfunctioning microadenoma; however, is less established. To minimalize falsepositive MRI results the natural history of the microadenomas should be taken into
account. We used consecutive imaging as a reference standard.

The relationship between occurrence and clinical behavior of PIT and ethnicity could
not be investigated in this study because ethnicity was not registered. According to
the attending physicians, essentially all patients in our database are Caucasian. In
this study we explored the genotype- phenotype relationship. In MEN1 mutation–
negative patients PITs were more often macroadenomas and more often required
surgery compared with MEN1 mutation– positive patients. Mutation-negative patients
were not in the followup and screening program for MEN1 before the pituitary tumor
was diagnosed. Instead, those patients presented with a symptomatic PIT as one of
the two MEN1- related manifestations resulting in a clinical diagnosis of MEN1,
explaining our results. The differences in presentation of PIT in mutation-negative
patients when compared with mutation positive patients further underscores
thatMEN1mutations are not associated with more aggressive PIT progression
compared with sporadic disease.

Another limitation is the retrospective nature of this study. For the analysis of tumor
regrowth, we had to use nonstandardized and nonblinded follow-up data. However,
given that Dutch UMCs are national referral centers for patients with pituitary tumors,
MRIs were assessed by senior radiologists experienced in assessing MRIs of the
pituitary gland. To determine the functionality of PITs we used the outcomes of
laboratory tests demonstrating elevated hormone levels or abnormal outcomes of
dynamic tests. For the interpretation of the outcomes we used the current
recommendations and guidelines. This might have led to an overestimation of the
number of prolactinomas in cases with a limited elevation of prolactin level. However,
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for the interpretation of prolactin levels, next to medication and pregnancy,we took
PIT size into account given that prolactin levels can be elevated because of
compression of the pituitary stalk caused by (macro-)adenomas. The decision to treat
a PIT was made at the discretion of the attending senior endocrinologists. Most
patients responded well to therapy, but numbers were too small to compare between
unimodal, combination, and multimodal treatment.

Comparison with other literature
Although the prevalence and age at diagnosis of PIT in our study was comparable to
that in earlier cohorts of MEN1,there were marked differences in the size and types
(hypersecreting and nonfunctioning) of PIT (6;7). Vergès et al (6) reported a much
higher proportion of macroadenomas (85%). The differences can largely be
explained by the inclusion of cases diagnosed by screening in our cohort, whereas
earlier studies relied on data from cases not diagnosed through a screening protocol.
Importantly, our follow-up data show that cases diagnosed by screening seldom

6

progress into macroadenomas and most PITs in our cohort responded well to
treatment (20). The good response to treatment does not seem attributable to
detecting the PIT at an earlier stage, given that there were no apparent differences in
size and response to treatment between the prolactinomas diagnosed by screening
and prevalent cases. Surgery was only performed in cases before 1990. Probably the
differences with previous studies are caused by differences in the cohorts. In our
cohort, more than 90% of the total Dutch MEN1population is included given that in
The Netherlands patients with MEN1 are generally treated in the UMCs and all UMCs
contribute to our database.

Pituitary incidentalomas are a frequent finding on cerebral MRIs in the general
population. In a study of 100 healthy volunteers, 10 incidentalomas were detected on
MRI (21). In a systematic review, the prevalence of pituitary adenomas on MRI was
22.3% (22). Despite the high prevalence in the general population, there is marked
paucity in follow-up data from nonfunctioning microadenomas. The clinical
significance of these incidentalomas is still debated (23). With 66 newly diagnosed
PITs on MRI, of which 31 were nonfunctioning microadenomas, we present one of
the largest cohorts of pituitary incidentalomas with long-term followup (2;10).
Furthermore, all patients with nonfunctioning PITs diagnosed at screening had
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followup MRIs as part of the structured MEN1 followup protocol making this a good
model to study the natural course of incidentalomas. In our study we found that
microadenomas are generally very stable during longterm followup. Growth of
microadenomas can occasionally happen many years after the initial diagnosis. In
one patient PIT growth was seen even 10 years after diagnosis. However, PIT growth
was limited in this patient and of no clinical consequence.

In a cohort of 28 macroadenomas almost half showed tumor growth, but only 20%
developed visual field defects and required surgical treatment after a mean followup
of 7 years (24). Even less is known about the natural course of microadenomas.
Karavitaki et al (23) demonstrated growth in 12.5% in a cohort including 16
microadenomas after followup of 3.6 years, but none caused visual field defects.

Clinical implications
PIT in patients with MEN1 seems to be much less aggressive than previously
suggested. The response to medical treatment of prolactinomas was good.
Nonfunctioning microadenomas can occasionally show limited growth after many
years of followup. However, this growth was without clinical consequences.
Asymptomatic MEN1-related microadenomas did not require any additional measure
or intervention beyond the regular followup of PIT which occurs in the general
population. Therefore, lifelong frequent radiological followup of incidentally diagnosed
microadenomas in the general population and in the MEN1 population seems
debatable (2).

Conclusion
Screening for PITs in the course of systematic followup of patients with MEN1
resulted mainly in the detection of microadenomas with relatively indolent behavior.
Growth of nonfunctioning microadenomas was detected occasionally after many
years without clinical consequences. In contrast with previous reports, prolactinomas
in MEN1 responded well to medical treatment. The treatment and followup of MEN1associated PIT should not be different from sporadically occurring PIT. Based on the
relatively indolent behavior of PIT, lifelong frequent followup with MRI of
nonfunctioning microadenomas seems debatable in the context of MEN1 but also for
sporadically occurring PITs.
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Supplementary data

Table S1 Clinical characteristics of pituitary tumors compared between patients without MEN1 gene
mutation, a nonsense or frameshift mutation in exons 2, 9, or 10, and other MEN1 gene mutations
No MEN1 gene
ns-fs exon 2,9,10 Other mutations P- value
mutation (N=30) (N= 110)
(N= 183)
(no mutation vs.
other mutations)
Number of PITs*
Diagnosis of PIT*
Incident cases
Prevalent cases
Type of PIT*
Non-functioning PIT*
Hypersecreting PIT*
Treatment

21 (70.0%)

41 (37.3%)

61 (33.3%)

0 (0%)

28 (68.3%)

38 (62.3%)

21 (100%)

13 (31.7%)

23 (37.7%)

6 (28.6%)

19 (46.3%)

27 (44.3%)

15 (71.4%)

22 (53.7%)

34 (55.7%)

From diagnosis
Delayed treatment
No treatment
Surgical treatment
Size of PIT* at diagnosis
Growth on follow-up MRI
Prolactinoma - persistent
hypersecretion

18 (85.7%)

17 (41.5%)

24 (39.3%)

1 (4.8%)
2 (9.5%)
14 (66.7%)
30.9 ± 16.1
1/21 (4.8%)
0/7 (0.0%)

4 (9.8%)
20 (48.8%)
2 (4.9%)
9.5 ± 7.9
1/41 (2.4%)
3/16 (18.8%)

6 (9.8%)
31 (50.8%)
7 (11.5%)
8.3 ± 5.3
5/61 (8.2%)
1/29 (3.4%)

P value
(ns-fs exon 2,9,10
vs. other mutations)

0.001

0.528

0.001

0.673

0.157

0.842

0.064

0.956

0.001
0.001
0.999
0.999

0.308
0.450
0.397
0.121

*Pituitary tumor

Table S2. Development in size of pituitary tumors with tumor growth in follow-up on MRI
Patient

year of
diagnosis

Size at
diagnosis (mm)

year growth
diagnosed

Size after
growth (mm)

Last followup MRI

Size at last
MRI (mm)

Clinical consequences

Non producing pituitary tumor
1

2005

4

2007

6

2013

6

None

2

2004

4

2009

6

2013

6

None

3

2003

3

2013

4.5

2013

4.5

None

Prolactinoma
4

1996

9

2004

11

2013

11

None (direct dopamine
treatment group)

5

2009

8

2010

11

2013

11

Persistent
hypersecretion

6

1991

11

2002

37

2013

37

None

3

2002

11

2010

11

None

Gonadotroph adenoma
7
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Figure S1. Age related penetrance of pituitary tumors compared between patients without
MEN1 gene mutation, a nonsense or frameshift mutation in exons 2, 9, or 10, and other
MEN1 gene mutations
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Figure S2. Flowchart of treatment and outcomes for somatotroph adenoma

Figure S3. Flowchart of treatment and outcomes for corticotroph adenoma
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Figure S4. Flowchart of treatment and outcomes for gonadotroph adenoma

6

Figure S5. Flowchart of treatment and outcomes for cosecreting pituitary tumors
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Background information on laboratory methods
Prolactin
2 different analyzers used
Method
Analyzer
ECLIA
E170 (Roche)

ILMA

Centaur XP (Siemens/Bayer)

Variability
Inter-assay:
whole range - <5%

Reference values
Male 80-420 mE/L
Female 100-760 mE/L
Female, postmenopausal
100-330 mE/L

Inter-assay:
whole range - 6%

Male <0.3 U/L
Female <0.6 U/L Female,
postmenopausal
<0.4 U/L

Intra-assay:
Level 1 0.2 - 4%
Level 2 0.8 - 3%
Level 3 >1.2 - 4%

Insulin- like growth factor (IGF-1)
3 different analyzers used
Method
Analyzer
ILMA
Immulite 2500

Variability
Inter-assay:
whole range - 11%
Intra-assay:
whole range - <4%

Reference values
21-50 years 10-45 nmol/l
>50 years 10-30 nmol/l

CLIA

Liaison (Diasorin)

Inter-assay:
whole range - 8%
Intra-assay:
whole range - 5%

11-45 nmol/l
(decreasing with age)

CLIA

IDS-ISYS

Intra-assay:
whole range - 1.3% - 3.7%

21-50 years 10-45 nmol/l
>50 years 10-30 nmol/l

Thyroid- stimulating hormone (TSH) and free T4 (fT4)

One analyzer used
Method
Analyzer
ECLIA
Roche
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Variability
Inter-assay (TSH):
Level 1 0.22 - <6%
Level 2 >1 - <3%
Inter-assay (fT4):
whole range <5%

Reference values
(TSH) 0.3-4.5mU/L
(fT4) 11-22 pmol/L

Pituitary Tumors in MEN1
Adrenocorticotropic hormone (ACTH)
3 different analyzers used
Method
Analyzer
ILMA
Immulite 2500

Variability
Inter-assay:
whole range - 6 %
Intra-assay:
Level 1 1-10 - 5%
Level 2 >10 - 3%

Reference values
<9 pmol/L

ECLIA

E170 (Roche)

Inter-assay:
whole range - 5%

1.6- 13.9 pmol/l

ILMA

Cobas

Unknown

<23 ng/L

Cortisol (also used for dexamethasone suppression test)
2 different analyzers used
Method
Analyzer
ECLIA
E170 (Roche)

LIA

Centaur XP

Variability
Inter-assay:
whole range < 5%

Reference values
Morning: 250-600
After dexamethasone:
<50 nmol/L

Inter-assay:
Level 1 150 - 6%
Level 2 500- 6%
Level 3 1000 - 8%
Intra-assay:
Level 1 700 - 3%

Morning: 250-600
After dexamethasone:
<50 nmol/L

6

Luteinizing hormone/ Follicle-stimulating hormone (LH/FSH)
2 different analyzers used
Method
Analyzer
Architect (Abbott
ILMA
Laboratories)

ILMA

Amersham

Variability
Unknown

Reference values
LH:
Male 1.0- 8.4 U/L
Female, postmenopausal 15-64 U/L
Female, mid cycle 13.8-71.8 U/L FSH:
Male 1.0-10 U/L
Female, postmenopausal 31-134 U/L
Female, mid cycle 3.9-13.3 U/L

Intra-assay (LH/ FSH)
Low - 2.3% / 0.7%
Mid - 3.9% / 1.2%
High - 2.8% / 3.8%
Inter-assay (LH/FSH)
Low - 6.6% / 3.2%
Mid - 5.5% / 2.6%
High - 3.2% / 3.5%

LH:
Male 1.8-8.6 U/L
Female, postmenopausal 14.2-52.3 U/L
FSH:
Male: 1.5 -12.4 U/L
Female, postmenopausal 25.8 - 134.8 U/L
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Estradiol
2 different analyzers used
Method
Analyzer
LC-MS
Delfia

ECLIA

E170 (Roche)

Variability
Intra-assay:
Level 1 10 – 47%
Level 2 39 – 15%
Level 3 88 – 5%
Level 4 315 – 7%
Inter-assay:
Level 1 33 – 10%
Level 2 80 – 10%
Level 3 235 – 13%

Reference values
Male: <130 pmol/L
Female, postmenopausal: <120 pmol/L
Female, mid cycle: 520-1440 pmol/L

Inter-assay:
whole range - 5%

Male: 75-220 pmol/L
Female, mid cycle: 350-1800 pmol/L

Variability
Intra-assay:
Level 1 2 – 8%
Level 2 15 – 6%
Inter-assay:
Level 1 0.6 – 20%
Level 2 2 – 10%
Level 3 15 – 7%

Reference values
Male: 11-45 nmol/L
Female: 0.52- 2.4 nmol/L

Inter-assay:
whole range - 5%

Male: 11-45 nmol/L
Female: 0.52- 2.4 nmol/L

Testosterone
2 different analyzers used
Method
Analyzer
Coat-A-Count
RIA
(Siemens)

ECLIA
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Chapter 7

Multiple Endocrine Neoplasia type 1: improving diagnosis and follow- up
Introduction
Multiple Endocrine Neoplasia type 1 (MEN1) has received much attention from
physicians and researchers as a model for understanding tumorigenesis and
development of (neuro-) endocrine tumors. The study of patients with oncogenic
syndromes such as MEN1 and its genetic background, has significantly contributed
to our understanding of tumor genetics. Indeed the MEN1 tumor suppressor gene
has been identified to have a role also in sporadic tumors.(1-3)

In contrast little evidence is available from research seeking to improve quality of
care for the MEN1 patients themselves. An important explanation for this discrepancy
are the practical difficulties encountered when studying MEN1 patients. Because of
the low prevalence of MEN1, it is difficult to obtain an adequate sample size and
performing randomized trials is impractical.(4) Most of the MEN1 studies are cohort
studies performed in tertiary referral centers with a high chance of inducing selection
bias. Furthermore, policy makers and funding bodies today often prioritize research
addressing conditions and risk factors that cause the greatest loss in years and
quality of life on a macro- economic level. In such a competitive environment low
prevalent conditions such as MEN1 can easily become "orphaned".

The DutchMEN1 study group (DMSG) is an unique collaborative project of the eight
University Medical Centers (UMCs) in the Netherlands, which is directly of benefit for
MEN1 patient care. In the DMSG the Dutch MEN1 patient advocacy group is actively
involved resulting in clinically relevant study objectives which also reflect the needs
from the patient perspective. In The Netherlands, the care for MEN1 patients is highly
centralized in the UMCs treating over 90% of Dutch MEN1 patients.(5) By collecting
data on a nationwide level, data of not only a large but also an unselected cohort of
MEN1 patients is obtained. In the DMSG database patient data were collected from
every quarter of every year of follow-up from 1990 up to now, enabling longitudinal
analysis of the outcomes of MEN1 patient care and outcomes of care. This
longitudinal monitoring enables the assessment of the impact of changes in protocols
of care implemented throughout the years. Several studies performed by the DMSG
have since contributed to new insights and to prominent discussions concerning the
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care for and treatment of MEN1 patients. In the present chapter we provide an
overview of these new insights and the subsequent discussions concerning the
outcomes of the studies described in this thesis.
Diagnosis of MEN1
According to the current clinical practice guidelines MEN1 can be diagnosed by three
criteria:(6)
-

The genetic criterion: presence of a known MEN1 mutation, irrespective of
clinical manifestations

-

The familial criterion: occurrence of at least one MEN1 associated tumor and a
first degree relative with MEN1

-

The clinical criterion: simultaneous occurrence of at least two out of three
major tumors (pituitary, parathyroid and pancreatic islets)

Traditionally, a MEN1 gene mutation might not be present in up to 25% of MEN1
patients meeting these criteria.(6) With recent new techniques such as multiplex
ligation-dependent probe amplification (MLPA) new mutations of the MEN1 gene are
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uncovered which increases the sensitivity of genetic analysis.(7;8) Sensitivity is
expected to increase further by the introduction of next generation sequencing
techniques. However, care should be taken in interpreting the results of such high
sensitive technique. Some subtle changes in the MEN1 gene might also represent
benign polymorphisms, or unclassified variants for which pathogenicity has not been
clarified. Despite these new techniques, a MEN1 mutation still cannot be identified in
approximately 10% of patients meeting the clinical criterion, a phenomenon also
referred to as ‘phenocopies’.(9)

In the past few years a discussion was started if such patients are correctly
diagnosed as having MEN1. Research was initiated to identify other genes that might
cause a MEN1-like phenotype.(10-12) Of particular importance are the newly found
mutations in the cyclin-dependent kinase inhibitor (CDKN1B). Mutations in the
CDKN1B gene caused, both in experimental studies in an animal model and
observational studies in humans, a syndrome of parathyroid and anterior pituitary
tumors.(13) Moreover, mutations in the MEN1 gene seem to interact with expression
of CDKN1B and CDKN2C genes.(14) However, patients with a CDKN1B gene
mutation have a clinical course different from patients with MEN1 mutations, and do
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not develop the pancreatic neuro-endocrine tumors (pNET). For this reason, after
identifying these mutations, a new endocrine tumor syndrome was found also
referred to as MENX or, more recently, MEN4.(13) The clinical significance of this
MEN4 syndrome in terms of follow-up and survival is yet not fully elucidated. Also the
MEN4 syndrome only seems to explain a small proportion of the mutation negative
parathyroid/pituitary variant of MEN1.(10)

In chapter 2, we therefore compared the clinical course of 30 mutation negative
MEN1 patients and 293 mutation positive patients who were included in our
nationwide database.(15) A CDKN1B mutation was found in only one of the 22
mutation negative patients who underwent additional genetic analysis. Major
differences in age-related penetrance, risk for additional tumors and survival were
demonstrated. The median age for developing the first main MEN1 manifestation was
higher in mutation negative patients (46 vs. 36 yrs) (P = 0.01). In mutation negative
patients, a third primary MEN1 manifestation did not occur in the course of follow-up
compared to 42.2% in mutation positive patients (P = 0.001). Also the mutation
negative patients hardly ever developed other associated tumors such as lung,
gastric or thymic NET. Median survival in mutation positive patients was estimated at
73.0 years (95% CI: 69.3 - 76.6) compared to 84.0 years (95% CI: NA) in mutation
negative patients (P=0.013). The results of our study therefore suggest that, instead
of having the MEN1 syndrome, mutation negative patients have a syndrome that is
caused by a yet unknown cause or perhaps co-incidentally have two neuro-endocrine
tumors (NETs) without a syndromal genetic predisposition. Consequently, systematic
follow-up for early detection of endocrine tumors according to the MEN1 screening
protocol seem to be not necessary in mutation negative patients and only seem to
lead to uncertainty of patients about the outcomes of the tests and overutilization of
health care resources and costs.

The increasing sensitivity of genetic testing and the epidemiological differences in
mutation positive and mutation negative patients necessitates a reappraisal of MEN1
gene mutation analysis for diagnosing MEN1. With highly sensitive techniques such
as next generation sequencing genetic analysis becoming the cornerstone of the
diagnosis of MEN1.The clinical criterion of the co-incidence of two MEN1-associated
manifestations should probably be dropped. If patients with three MEN-1 associated
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manifestations in whom no MEN1 mutation can be found using highly sensitive
techniques is currently a mere speculative discussion.

The next question is who and when to test for MEN1 gene mutations. There is broad
consensus that all first degree relatives, including the apparently asymptomatic, of a
patient with a known MEN1 mutation should be tested as early as possible.(6)
Pediatric cases of MEN1 manifestations have been described as early as 5 years,
and several cohort studies indicate that close follow-up and treatment improves
survival in MEN1 gene mutation carriers.(6;16;17) Further, genetic screening of
family members will also reveal the 50% of family members not affected who can be
reassured and need not to be followed up.
As for genetic testing in possible index cases, the advices in the current guidelines
might be too conservative resulting in significant delay in MEN1 diagnosis.(18) The
current guidelines advice genetic screening for index cases only when they meet
clinical criteria for diagnosing MEN1 or when there is high suspicion for (atypical)
MEN1, which is defined as: parathyroid adenoma below the age of 30 years (or
below the age of 40 years in multigland parathyroid disease); gastrinoma, or multiple
pancreatic NET at any age; or individuals who have two or more MEN1-associated
tumors that are not part of the classical triad of parathyroid, pancreatic islet, and
anterior pituitary tumors (e.g. parathyroid tumor plus adrenal tumor).(6)
Therefore, in chapter 3 we assessed how indications for genetic testing can be
improved. We studied the risk for having a MEN1 mutation in 365 patients who were
tested from 1998 until 2011 who did not meet clinical criteria for MEN1 and could not
be linked to a known MEN1 family. The results were validated in a cohort of 144
Swedish patients undergoing genetic testing for MEN1 for the same reasons.(5) The
results showed that clinicians in both the Netherlands and Sweden already frequently
referred patients for genetic counseling and testing for MEN1 who did not meet the
criteria for genetic testing as provided by the current practice guidelines (64% and
81% of individuals tested in both cohorts respectively). Mutations were also identified
in patients who did not fulfill the formal criteria for mutation analysis. Altogether, a
mutation was identified in 15.9% and 13.2% of the Dutch and Swedish cohort
respectively.
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The main risk factors for a MEN1 mutation were: recurrent or multiglandular primary
hyperparathyroidism (odds ratio [OR] 162.40); non-recurrent hyperparathyroidism
(OR 25.78); pancreatic and duodenal NET (OR 17.94); pituitary tumor (OR 4.71);
NET of stomach, thymus, or bronchus (OR 25.84); and positive family history (up to
third degree relatives) for any neuro-endocrine tumor (OR 4.53). Interestingly, in the
current practice guidelines family history other than family members with proven
MEN1, is not included to assess the risk for MEN1. Our study also showed that the
risk for having a MEN1 mutation decreases with increasing age of first manifestation,
however no cut-off as used by the current practice guidelines was identified. Rather
the risk for a MEN1 mutation gradually decreases with a higher age at the first
manifestation. We further built a clinical prediction model for estimating the risk for a
MEN1 mutation in the individual patient, that can be used in genetic counseling when
considering testing for MEN1.

Conclusions with regard to the diagnosis of MEN1
Genetics will increasingly become the cornerstone of diagnosing MEN1. Based on
the findings described in chapter 3, the presence of two out of three tumors from the
classical MEN1 triad (pituitary, parathyroids and pancreatic islets) with a negative
MEN1 gene mutation analysis turns out to be no longer pathognomic for MEN1, and
seems to commonly occur co-incidentally without a known genetic syndromal
predisposition. These patients should therefore no longer be considered at risk for
developing further MEN1 related NETs. With improving techniques in genetics such
as MLPA and next generation sequencing the risk of false- negative results in and
costs of MEN1 analysis is gradually reduced. Genetic testing should therefore
become more widely available to identify potential index cases of MEN1 and
subsequent family testing. The age limit for testing in patients with parathyroid
adenoma of 30 years is used too strictly as a cut-off. Clinicians should especially
have a high index of suspicion for MEN1 if family history is positive for NETs, even in
the absence of family members with proven MEN1.
Follow-up for MEN1
The three pillars in the follow-up of MEN1 patients are early detection of tumors;
prevention of complications of MEN1 related tumors by timely interventions and
treatments; and the monitoring of treatments. Follow-up for patients with a MEN1
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mutation is complex, because patients are at risk for a variety of tumors and there are
no effective proven prophylactic interventions that can prevent tumor development
without significant morbidity. In contrast, the risk of premature dead in some other
syndromes of solid tumors can effectively be reduced with prophylactic surgery (e.g.
breast amputation in BRCA carriers, colectomy in APC carriers). Understanding how
different MEN1 related NETs affect survival and quality of life is essential in
establishing a rational follow-up.

Survival and cause of death in MEN1 has dramatically changed over the past
decades. In early cohorts, peptic ulcers (secondary to gastrinoma) were the single
most common cause of death.(19;20) With the introduction of proton pump inhibitors
death from peptic ulcer disease has now become extremely rare. In a recent review
of causes of death in 104 MEN1 patients from the French/Belgium GTE group, peptic
ulcer was cause identified as the cause of death in 14.5% of patients diagnosed
before 1990 and only 2.8% in patients diagnosed after 1990.(21) Furthermore, other
complications from endocrine disease such as renal failure in hyperparathyroidism,

7

acute hypercalcemia, and hypoglycemia are extremely rare nowadays.(21;22)
Notwithstanding, approximately two thirds of MEN1 patients still die from MEN1
related causes. The cause of death nowadays shifted towards local or metastatic
progression of malignant NETs, most commonly from the pancreas or thymus.(21;22)
These results correspond with the results of our study described in chapter 2.(15) In
our cohort the life-expectancy of MEN1 patients was 73 years. This figure seems to
be better compared with the life expectancy as previously described in other MEN1
cohorts, but is still a decade away from the general population.(15) About 60% of
patients with a MEN1 gene mutation in our cohort died from MEN1 specific causes,
56% of whom from metastasized pNET and 30% from metastasized thymic NETs.

These results suggest that the current guidelines led to more adequate endocrine
treatment and interventions with a subsequent reduced mortality from MEN1 related
complications. However, much is to be gained in the detection and treatment of
metastasized NETs. In addition, to achieve these outcomes a very intensive protocol
for follow-up of MEN1 patients was introduced without scientific evidence for at least
parts of the guidelines.
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For example, the current guidelines recommend an annual plasma biochemical
screening for pancreatic tumors by a panel of measurements including the levels of
gastrin, vasointestinal peptide, insulin, chromogranin A, pancreatic polypeptide, and
glucagon. Furthermore, regular imaging of pancreas and duodenum is advised.
Although some of these biomarkers might be useful in evaluating the effect of
treatment, in our analysis in chapter 4, chromogranin A, pancreas polypeptide (PP),
and glucagon all three had an insufficient predictive value for use for the screening
for pancreatic neuro-endocrine tumors.(23;24) Even when these biochemical tests
were combined, these three tumor markers still performed poor. The predictive value
was only slightly better for metastatic disease. (24) In contrast, MRI has a reported
overall sensitivity of 74%-94% and specificity of 78%-100%.(25) Also with CT
detection rates up to 94% can be achieved when performed in multiphase using a
multidetector CT, and endoscopic ultrasound might have high sensitivity especially in
insulinomas.(25) Thus, imaging techniques seem much more useful in screening for
pancreatic neuroendocrine tumors.

Thoracic imaging for thymic and lung NETs is also advised every one to two years
and early curative surgery is advised for both thymic and lung NETs.(6) In our followup study described in chapter 5 thymic NETs were diagnosed in only 11 (4.3%)
patients who were screened by imaging studies.(26) However, thymic NETs had an
aggressive biological behavior and were therefore an important cause of mortality.
Eight of eleven patients diagnosed with thymic NETs died after a median follow-up of
4.4 years, seven of whom died from complications of the thymic tumor. Thymic NETs
are the only neuro-endocrine malignancy in MEN1 that might possibly be prevented
by thymectomy. At present, a cervical thymectomy is usually performed during
surgery for hyperparathyroidism. In our cohort 97 patients underwent cervical
thymectomy, none of them developed a thymic tumor after a median follow-up of 8
years (range 0- 40 years).

In the Dutch MEN1 cohort, lung NETs were a far more frequent finding compared to
previous publications. Lung NETs were diagnosed in 42 patients screened (13.3%).
Natural course of lung NETs however was indolent and no patient died from NET of
the lung. Tumor volume of lung NETs increased by only 17% per year (tumor
doubling time 4.5 years). Tumor doubling time in males was 2.5 vs 5.5 years in
128

General discussion

females (p = 0.05). Only 16 patients with a lung NET were operated, which did not
seem to improve survival or symptoms. The clinical indications and intended benefit
of (early) surgery for MEN1-related lung NETs, especially in females, can therefore
be debated.

Regular screening is also performed for pituitary tumors. Generally spoken, these
tumors are relative benign tumors, but they can cause significant morbidity. Clinical
symptoms depend on the type and presence of hormonal hypersecretion, the
presence of hypopituitarism, and the size of pituitary tumors. Pituitary macroadenoma
(>10 mm) can cause ophthalmologic symptoms, especially visual impairment
because of compression of the optic chiasm.(27;28) The most common type of
hormone-hypersecreting pituitary tumors in MEN1 is prolactinoma, which can cause
complaints of galactorrhea (20%), oligo/amenorrhea (45%) hypogonadism and
erectile dysfunction.(29) Pituitary tumors in MEN1 patients are also assumed to be
more aggressive than the sporadic type, and supposed to be more often
unresponsive to medical treatment.(30;31) In the DMSG cohort which is described in
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chapter 6, of the 66 pituitary tumors diagnosed during screening, 31 were nonfunctioning microadenomas. During follow-up only one of the microadenomas was
medically treated for mild hyperprolactemia secondary to stalk compression. During
the median 6-years of follow-up with regular follow-up imaging, in only three
microadenomas minimal growth was demonstrated. Of the 52 prolactinomas, over
90% responded well to medical treatment, screening detected and prevalent cases
alike. Surgery for prolactinoma was performed only before 1990.(32)

Conclusion follow-up of MEN1
Significant improvements in treatment and follow-up have been made, preventing
early mortality from endocrine disorders. The life expectancy of MEN1 patients
improved, but MEN1 patients still have reduced life expectancy due to metastasis of
NETs that develop in the later phase. The screening for the early detection of NETs
as advised in the current guidelines however needs improvement. Tumor markers
perform poor in screening for pancreatic tumors and should no longer be advised for
this purpose. This also leads to less burden for the patients and lower health care
costs. Despite thoracic screening and early surgery premature death because of
thymic NETs remains high. Given the low prevalence and incidence of thymic NETs a
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discussion should be started regarding the number of patients to be screened to
prevent one premature death because of a thymic NET. A similar discussion should
be started with regard to the frequency of follow-up CT scans and the need for early
surgical interventions given the now found relatively indolent course of lung NETs.
Pituitary tumors in MEN1 turned out to not have a more aggressive behavior than
their sporadic counterparts and can be followed and treated using the same
guidelines as sporadically occurring pituitary tumors.
Improving outcomes of MEN1 patients in the future
Future improvement in the care of MEN1 patients starts with improved diagnostic
criteria. As mentioned above, genetic testing will become increasingly important in
establishing the diagnosis of MEN1 and should become more widely available to
possible index cases. Screening should start as early as possible in mutation positive
persons, as MEN1 can become manifest in childhood. On the other hand, persons
without a MEN1 gene mutation can be reassured. Also patients with two NETs who
are MEN1 mutation negative should not be considered at risk for developing other
MEN1 associated manifestations, providing reassurance and waiving the need of
unnecessary healthcare utilization. In accordance to the advices in the current
practice guidelines, genetic testing should always be preceded by genetic
counseling.(6) It is important for physicians to realize that genetic testing can have far
reaching consequences for the MEN1 patients, beyond just the medical part. Genetic
testing for a cancer predisposing syndrome like MEN1 might have consequences for
social services such as life or disability insurances.(33) In the Netherlands, using
genetic information for insurance companies has been restricted by law, still issues
have been raised in patients with familial hypercholesterolaemia and factor V
Leiden.(34;35) Moral dilemmas about autonomy can also be raised by the issue of
testing children in MEN1 families. Finally, there is the issue of the possibility of
preimplantation genetic diagnosis which is becoming a reality for cancer predisposing
syndromes.(36)

In patients with an established MEN1 syndrome, improvement of care should
primarily come from improved management of neuro-endocrine tumors to prevent
metastasis. Thymic neuroendocrine tumors might be prevented by means of
prophylactic surgery. In the Netherlands, a cervical thymectomy is now routinely
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performed. For practical reasons, thymectomy in MEN1 is usually performed cervical
through the same incision as the operation for hyperparathyroidism. As thymic NETs
usually develop many years later, this is considered an acceptable approach with
virtually no extra morbidity. Although the cervical thymectomy seems quite successful
in our cohort, results in literature have been conflicting reporting several cases of
thymic neuroendocrine tumors after a cervical thymectomy.(37-40)

From the broader experience with thymectomies in myasthenia gravis we known that
an important limitation to this cervical approach is that cervical thymectomies are
seldom complete.(41) A complete thymectomy might better prevent development of a
thymic NET. Video- assisted thoracoscopic thymectomy might therefore provide a
better alternative with acceptable morbidity.(42) Because of the relative low incidence
of thymic neuroendocrine tumors such an intervention should be investigated in an
international collaboration.

Improving outcomes also means reducing any unnecessary testing that, next to
excess healthcare costs, also causes extra stress and hospital visits for the patients.
Our studies have shown that regular laboratory assessments for the detection of
pancreatic tumors can be waived. For pituitary microadenomas we have
demonstrated that these need not to be followed as frequently as currently advised.
Further patients with MEN1 can now be reassured that pituitary tumors in general
respond well to therapy. These results also have implications for the general
population, in which incidentally found pituitary non- functioning microadenomas are
a common management problem.(43;44) Current guidelines advice life- long frequent
radiological follow-up.(45) This advice is debatable in the light of the minimal growth
and lack of complaints that patients with non-functioning microadenomas
demonstrated during long-term follow-up in our cohort.

Conclusion Improving outcomes of MEN1 patients in the future
Timely diagnosis of MEN1 is at the core of improving outcomes for MEN1 patients.
Future research should focus on minimizing the risk of mortality from aggressive
tumors. A cervical thymectomy was effective in preventing thymic NETs in our cohort,
but results from literature are conflicting. Unnecessary and inefficient measures in
follow-up of MEN1 should be avoided as much as possible, in order to reduce the
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number of days persons with MEN1 are treated as patients and reduce hospital
associated stressors.

Conclusion
MEN1 continues to inspire physicians and researchers. Despite the challenges
associated with the study of a condition with such low prevalence, we have
demonstrated that with combined efforts it is possible to address the gaps in the
knowledge in the management of MEN1 in a evidence based manner. In this respect,
MEN1 continues to be a model-disease. Now MEN1 is not just as a model of
tumorigenesis, but also a model of how practice changing clinical research for a small
patient group is feasible and beneficial. Moreover, the clinical research of patients
with such rare disease can provide valuable insights for the general population.(32)

Management of MEN1 patients has significantly improved by the current practice
guidelines. Complications of endocrine disease such as peptic ulcers and renal
failure have become extremely rare. Future improvements need to be made in the
management of neuro-endocrine tumors of the pancreas and thymus. Finally,
research also needs to be performed to risk factors and management of other solid
tumors that have relative high prevalence in MEN1 patients.
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Background
MEN1 is an autosomal dominant inherited disease, predisposing to primary
hyperparathyroidism, neuroendocrine tumors (NETs) of the pancreas and duodenum,
pituitary adenomas, thymic and lung NETs and adrenal adenomas. Although the
prevalence of MEN1 is low, the disease morbidity and mortality of MEN1 patients is
high due to excessive hormone production and high penetrance of (neuro-)endocrine
tumors which can metastasize. To further improve the clinical care for MEN1
patients, we evaluated in this thesis the guidelines for diagnosis and follow-up of
MEN1. We revisited the diagnostic criteria of MEN1 and aimed at patients who
should be tested for MEN1. For the early detection of pancreatic NETs, the
diagnostic accuracy of the biochemical screening was evaluated. Moreover for the
follow-up of MEN1 patients, we studied the natural course of pituitary adenomas, and
lung- and thymic NET.

Diagnosis of MEN1
According to the current clinical practice guidelines, MEN1 can be diagnosed based
on three criteria: the occurrence of two or more primary MEN1-associated endocrine
tumors (i.e. parathyroid adenoma, neuroendocrine tumors of the pancreas and
duodenum, and pituitary adenoma); the occurrence of one of the MEN1-associated
tumors and a first degree relative with MEN1; and the identification of a germline
MEN1 mutation in a patient without clinical or biochemical manifestations of MEN1.
In chapter 2 we compared the clinical course of 30 patients who were MEN1
mutation negative and 293 mutation positive patients included in the DutchMEN1
study group (DMSG) database. Analyses were performed using the clinical data of a
total of 323 MEN1 patients who were under care of the Dutch University Medical
Centers (1990 – 2011). This database includes > 90% of the Dutch MEN1 population
> 16 years of age. The median age for developing the first main MEN1 manifestation
was higher in mutation negative patients (46 vs. 36 yrs) (P = 0.010). None of the
mutation negative patients developed a third main MEN1 manifestation (P = 0.0001).
In addition, in the mutation negative patients a lung, gastric or thymic NET did not
occur. Median survival in mutation positive patients was estimated at 73.0 years
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(95% CI: 69.3 - 76.6) compared to 84.0 years (95% CI: NA) in mutation negative
patients (P=0.013). Additional genetic analysis of CDKN1B and AIP in 22 of mutation
negative patients revealed only one CDKN1B mutation. The apparent differences in
penetrance of MEN1 manifestations and survival between MEN1 mutation negative
and positive patients, indicate that MEN1 mutation negative patients have a different
clinical course. We, therefore propose, that MEN1 negative patients do not have a
true MEN1 syndrome, but rather a MEN-like syndrome or sporadic co- incidence of
two neuroendocrine tumors.

By defining the diagnosis of MEN1 on genetic criteria, the next question is who and
when should a patient be tested for a MEN1 gene mutation. In chapter 3 we
demonstrated a prediction model based on all patients in The Netherlands referred
for MEN1mutation testing between January 1998 and December 2010.

The outcomes of the study were externally validated using the clinical data of an
independent cohort of patients meeting the same inclusion criteria that was screened
between January 1997 and July 2006 at the Department of Clinical Genetics at the
Karolinska University Hospital in Sweden. A MEN1 mutation was found in 15.9% of
365 Dutch patients.

The calculated Odds Ratios for the prediction of a positive MEN1 mutation analysis
for the individual MEN1 manifestations and characteristics were: recurrent primary
hyperparathyroidism (pHPT; odds ratio (OR) 162.40); nonrecurrent pHPT (OR
25.78); pancreatic neuroendocrine tumors (pNETs) and duodenal NETs (OR 17.94);
pituitary tumor (OR 4.71); NET of stomach, thymus, or bronchus (OR 25.84); positive
family history of NET (OR 4.53); and age (OR 0.96). Remarkable in our study is the
positive family history of NET, other than family members with MEN1. In clinical
practice, the risk of MEN1 can be calculated with our nomogram in patients
suspected for MEN1 with sporadically occurring endocrine tumors.

Follow-up for MEN1
The three pillars in the follow-up of MEN1 patients are early detection of tumors;
prevention of complications of MEN1 related manifestations; and the initiating and
monitoring of treatment. In chapter 4 we aimed at assessing the diagnostic accuracy
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of the tumor markers chromogranin A (CgA), pancreatic polypeptide (PP) and
glucagon for pancreatic NET. For this purpose MEN1 patients were included if data
on tumor markers in combination with the reference standard (outcomes of
subsequent imaging, or pathology) were available between 2008 and 2011. For the
analysis of PP, CgA, and glucagon, data of 73, 81, and 94 patients were available,
respectively. The AUC for CgA was 0.48 [95% confidence interval (CI) 0.35-0.61]
with a sensitivity 0.33 and a specificity 0.73; the AUC for glucagon was 0.58 (95% CI
0.46-0.70) with a sensitivity 0.43 and a specificity 0.73; and the AUC for PP was 0.64
(95% CI 0.50-0.77) with a sensitivity 0.36 and a specificity 0.74. In a stratified
analysis, the tumor markers did not perform better in subgroups based on age, tumor
size, number of pNETs, and type of imaging. In clinical practice, tumor markers for
diagnosing pNET are often measured simultaneously. The analysis of the combined
tumor marker CgA, PP, and glucagon was based on the data of all 159 patients. The
AUC was 0.59 (95% CI 0.50–0.68) with a LR+ of 1.50 (95% CI 1.01–2.22) and a LRof 0.74 (95% CI 0.59–0.92). In addition, tumor markers were assessed for metastatic
disease, which resulted in a slightly higher AUC in comparison with the diagnostic
accuracy for the pancreatic NET. We concluded that the accuracy of CgA, PP and
glucagon for diagnosing pNET in MEN1 patients in daily clinical practice was low.

Thoracic imaging for neuroendocrine thymic and bronchial tumors is advised every 1
to 2 years and curative surgery is advised for both thymic and lung neuroendocrine
tumors. In chapter 5 we assessed the prevalence, tumor growth and survival of
NETs of thymus and lung. To assess the natural course of lung NET we used linear
mixed-models with age as possible confounder, and gender, genotype and baseline
tumor size as possible effect modifiers. Thymic NETs occurred in 3.4% of patients,
almost exclusively in males with a 10-year survival of 25% (95% CI = 8%-80%).
Routine thoracic computed tomography scan was available in 188 patients (58.2%).
A lung NET was identified in 42 patients (13.0%) with a 10-year survival of 71.1%
(95% CI = 51%-100%). Increase of tumor volume of lung NETs was 17% per year
(4% per quarter-year) (P < .001) with a subsequent tumor doubling time of
approximately 4.5 years. Lung NET growth rate was higher in males compared with
females (P = .05) with an increase of tumor volume of 36% for males (P < .001) and
13% for females (P = .01). This results in a tumor doubling time of approximately 2.5
years in male and 5.5 years in female patients. Growth of lung NET was not
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associated with genotype or with baseline tumor size (<1 vs ≥1 cm). In only 16
patients a lung NET was surgically removed, which did not influence survival. Our
results show that in MEN1 patients, thymic NETs almost exclusively occurred in
males and had a very low prevalence and a high mortality. Lung NETs occurred more
often than previously thought, had an indolent course, and occurred equally in both
sexes. Tumor growth in males was double compared with female patients.

Radiological screening is also performed for pituitary adenomas (PIT) in MEN1
patients. Clinical symptoms depend on the type and presence of hormonal
hypersecretion, the presence of hypopituitarism, and the size of pituitary tumors. In
the current literature PIT in MEN1 are assumed to be more aggressive than the
sporadically occurring PIT, and more often unresponsive to medical treatment. We
assessed the results of screening and long-term follow-up in the cohort of the DMSG.
PIT was diagnosed in 123 (38.1 %) of MEN1 patients, of which 66 as a result of presymptomatic tumor detection (= incident PIT). The incidence rate of PIT was 34 per
1000 patient years. Incident PIT predominantly presented as non-functioning
microadenomas (n=31; 47.0%). Of the nonfunctioning incident PITs, 94.3% did not
require treatment at follow-up. Prolactinomas in MEN1 responded well to treatment
with dopamine agonists. We conclude, that the prevalence of PIT is indeed high in
MEN1 patients, but the patterns of clinical functioning, size, tumor growth and
response to medical therapy appears not to be different from sporadically occurring
PIT. Guidelines for treatment and follow up for sporadic PIT therefore seem to also
apply to the MEN1 population.
Finally, in the general discussion in chapter 7, the clinical relevance of the main
findings of the above studies is discussed.
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Multipele Endocriene Neoplasie syndroom type 1 (MEN1) is een zeldzaam erfelijk
syndroom, dat leidt tot het familiair voorkomen van meerdere aandoeningen van de
endocriene (dat wil zeggen hormoonvormende) organen. De drie klassieke
manifestaties van het syndroom zijn:
- adenomen van de bijschildklieren (ook bekend als primaire hyperparathyreoïdie)
- neuro- endocriene tumoren van alvleesklier en twaalfvingerige darm
- adenomen van de hypofyse
Behalve deze drie klassieke manifestaties komen ook bijnierschorsadenomen, neuroendocriene tumoren van de maag, long, en thymus vaker voor bij patiënten met een
MEN1 syndroom.

Het MEN1 syndroom komt voor bij ongeveer 2 tot 3 per 100.000 personen. Voorheen
leidden de complicaties van diverse MEN1 manifestaties (zoals perforaties van
maagzweren) vaak tot vroege sterfte. Met de invoering van de internationale richtlijn
voor de behandeling van MEN1 en verbeterde medicatie is de prognose van MEN1
sterk verbeterd. Echter nog steeds hebben MEN1 patiënten een kortere
levensverwachting, en sterft een aanzienlijk deel aan de gevolgen van neuroendocriene tumoren van de alvleesklier of thymus.

De ‘DutchMEN1 study group (DMSG)’ werd opgericht met als doel de zorg voor
MEN1 patiënten verder te verbeteren, en adviezen te geven voor diagnostiek en
behandeling. Daartoe heeft de DMSG een landelijke database opgezet, waarin
gegevens over de uitkomsten en behandeling van alle MEN1 patiënten in Nederland
worden geregistreerd. In dit samenwerkingsverband participeren alle 8 academische
ziekenhuizen in Nederland. Gedurende de periode 1990 tot en met eind 2013
werden per kwartaal gegevens verzameld betreffende de verschillende MEN1
manifestaties, zoals laboratoriumbepalingen, verrichtte beeldvorming, en
behandeling per manifestatie.

Dit proefschrift richt zich op studies om de diagnostiek naar MEN1 en follow-up van
MEN1 patiënten te verbeteren. De criteria waarmee de diagnose MEN1 wordt
gesteld werden kritisch bekeken, en tevens werd onderzocht welke patiënten in
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aanmerking komen voor DNA-diagnostiek.
De klinische relevantie van periodiek laboratoriumonderzoek voor het aantonen van
een neuro-endocriene tumor van de alvleesklier werd onderzocht, en het natuurlijk
beloop van neuro-endocriene tumoren van de long, thymus en hypofyse-adenomen
werd beschreven.

Diagnostiek van MEN1
Internationaal wordt het MEN1 syndroom gediagnosticeerd als een patiënt aan één
van de volgende criteria voldoet:
- 2 van de 3 klassieke manifestaties behorend bij MEN1 (adenomen van de
bijschildklier, neuro-enodocriene tumor van de alvleesklier en twaalfvingerige darm,
en adenomen van de hypofyse)
- één van de vijf endocriene tumoren geassocieerd met MEN1, in combinatie met een
eerstegraads familielid met bewezen MEN1
- een mutatie in het MEN1-gen,ook indien er nog geen klinische manifestaties van
het MEN1 syndroom aanwezig zijn (ook wel 'pre-symptomatische MEN1 patiënt'
genoemd).
Patiënten met 2 van de 3 klassieke manifestaties van MEN1, maar nog geen
aangetoonde mutatie in het MEN1-gen, worden ook wel ‘klinische MEN1 patiënten’
genoemd. Voor alle klinische MEN1 patiënten en degenen met een hoge klinische
verdenking op MEN1, wordt aanvullende DNA diagnostiek geadviseerd. Bij ongeveer
10% van de klinische MEN1 patiënten kan ondanks DNA onderzoek met moderne
methoden geen mutatie worden aangetoond.
In hoofdstuk 2 presenteerden wij het klinisch beloop van MEN1 patiënten,
vergeleken tussen de groep patiënten met en zonder een MEN1 mutatie. De data
zijn gebaseerd op 323 MEN1 patiënten in Nederland, die onder zorg waren in de
periode 1990 tot 2011. Hiervan kon bij 30 patiënten geen mutatie worden
aangetoond. De resultaten toonden dat de gemiddelde leeftijd van de eerste MEN1
manifestatie hoger was in de MEN1 mutatie negatieve patiënten, in vergelijking met
MEN1 mutatie positieve patiënten. Niemand van de 30 MEN1 mutatie negatieve
patiënten ontwikkelde een derde MEN1 manifestatie, tegenover 42% van de MEN1
mutatie positieve patiënten. De gemiddelde levensverwachting was lager in MEN1
mutatie positieve patiënten (73 versus 84 jaar). MEN1 mutatie positieve en MEN1
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mutatie negatieve patiënten hebben een anders klinisch beloop. Dit roept de vraag
op of MEN1 mutatie negatieve patiënten wel daadwerkelijk het MEN1 syndroom
hebben, of dat er mogelijk sprake is van het toevallig voorkomen van meerdere
aandoeningen in endocriene organen .

Volgens de huidige richtlijn komen naast de klinische MEN1 patiënten ook de
volgende patiënten in aanmerking voor DNA diagnostiek:
- eerstegraads verwanten van MEN1-mutatiedragers
- patiënten waarbij er een vermoeden bestaat op het MEN1 syndroom op basis van:
een bijschildklier adenoom op een leeftijd van 30 jaar of jonger, meerdere
bijschildklier adenomen, gastrinoom (dit is een neuro-endocriene tumor in alvleesklier
of twaalfvingerige darm met overproductie van het hormoon gastrine), multipele
neuro-endocriene tumoren van de alvleesklier, of bij aanwezigheid van 2 van de 5
aandoeningen die vaak voorkomen bij het MEN1 syndroom maar niet onderdeel zijn
van de drie klassieke manifestaties (bijvoorbeeld een en neuro- endocriene tumor
van de maag en een bijnierschors adenoom).
In hoofdstuk 3 presenteren wij een model die het risico op een MEN1 mutatie
voorspelt bij patiënten met verschillende neuro-endocriene tumoren. Deze formule is
gebaseerd op alle patiënten in Nederland die tussen Januari 1998 en December
2010 zijn verwezen voor genetische diagnostiek naar MEN1. Het predictie model is
gevalideerd op een vergelijkbare groep patiënten in Zweden. In ons predictie model
kwam naar voren dat een recidief primaire hyperparathyreoïdie de sterkste
voorspeller is voor MEN1 mutatie is. Nieuw ten opzichte van de bestaande literatuur,
is het belang om de familie anamnese voor neuro-endocriene tumoren, adequaat uit
te vragen.

Follow-up van MEN1
In de huidige richtlijnen wordt geadviseerd om regelmatig verschillende laboratorium
onderzoeken en radiologie onderzoeken te verrichten bij MEN1 patiënten, om
manifestaties eerder op te sporen en te behandelen. Als vroegdiagnostiek voor
tumoren van de alvleesklier wordt geadviseerd om jaarlijks glucagon, pancreas
polypeptide en chromogranine A te bepalen.
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In hoofdstuk 4 onderzochten wij de diagnostische waarde van de tumor markers
glucagon, pancreas polypeptide en chromogranine A voor het aantonen van neuroendocriene tumoren van de alvleesklier. Hiertoe onderzochten wij voor iedere
marker, hoe accuraat deze de kans voorspelde op de aanwezigheid van een neuroendocriene tumor van de alvleesklier. De markers glucagon, pancreas polypeptide en
glucagon voorspelden allen afzonderlijk in minder dan 65% accuraat de aan- of
afwezigheid van een neuro-endocriene tumor van de alvleesklier. Ook in subgroep
analyses na correctie voor leeftijd, tumor grootte, aantal neuro-endocriene tumoren in
de alvleesklier en type beeldvorming (CT, MRI of EUS) nam de diagnostische
waarde van de markers niet duidelijk toe. Zelfs, bij gecombineerd gebruik van de drie
verschillende tumor markers, was de diagnostische waarde nog steeds laag. De
tumor markers zijn mogelijk wel van enige waarde in het voorspellen van de
aanwezigheid van uitzaaiingen van alvleesklier tumoren. We concludeerden dat in de
klinische praktijk, de diagnostische waarde van glucagon, pancreas polypeptide en
chromogranine A voor het aantonen van een neuro-endocriene tumor van de
alvleesklier zeer beperkt is.

Met betrekking tot radiologische follow-up adviseert de huidige richtlijn het volgende:
- jaarlijks beeldvorming van de buik voor het screenen op een neuro-endocriene
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tumor van de alvleesklier
- 1 tot 2-jaarlijks een CT scan of MRI van de thorax voor het opsporen van neuroendocriene tumor van long en thymus
- 3-jaarlijks een MRI scan van de hypofyse.
In hoofdstuk 5 beschreven we het voorkomen en de follow-up van neuro-endocriene
tumoren van de long en thymus. Neuro-endocriene tumoren van de thymus komen
weinig (3.4% van de MEN1 patiënten) en exclusief bij mannen voor. Een neuroendocriene tumor van de thymus is echter een belangrijke overlijdensoorzaak onder
MEN1 patiënten. De 10-jaars overleving van een MEN1 patiënt met een neuroendocriene tumor van de thymus is 25%. Neuro-endocriene tumoren van de long
blijken veel meer voor te komen, dan tot op heden werd verondersteld. Neuroendocriene tumoren van de long werden geïdentificeerd in 42 patiënten (13.0%) met
een 10-jaars overleving van 71.1%. Geen van de patiënten met een neuro-endocrine
tumor van de long overleed ten gevolge van (complicaties van) deze tumor. Neuro149
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endocriene tumoren van de long groeien zeer langzaam. Gemiddeld verdubbelt de
grootte van deze tumoren na 2.5 jaar voor mannen en na 5.5 jaar voor vrouwen met
MEN1 syndroom.

Een beschrijving van de radiologische follow-up voor hypofyse-adenomen in MEN1
patiënten wordt gepresenteerd in hoofdstuk 6. Bij 123 MEN1 patiënten werd een
hypofyse-adenoom gevonden, waarvan er 66 waren aangetoond middels het
screenings onderzoek. Hypofyse-adenomen kunnen niet-producerend zijn of
hormoonvormend. De meest voorkomende hormoonvormende hypofyse-adenomen
zijn prolactinomen. Een prolactinoom is een hypofyse-adenoom die een teveel aan
het hormoon prolactine veroorzaakt, wat kan leiden tot onvruchtbaarheid bij mannen
en vrouwen, en afscheiding van melk uit de borsten bij vrouwen. Van hypofyseadenomen was 47% een zogenoemd micro-adenoom (adenoom met een grootte van
minder dan 10 mm). De niet-functionerende hypofyse-adenomen hoefden niet
behandeld te worden in 94.3%. In tegenstelling tot wat er in de huidige literatuur
wordt verondersteld, reageerden de prolactinomen goed op medicamenteuze
therapie. Klinische gegevens betreffende de grootte en reactie op medicatie van
hypofyse-adenomen bij MEN1 patiënten blijken vergelijkbaar te zijn met die van
hypofyse-adeomen bij andere patiënten zonder MEN1. Om deze reden kunnen de
richtlijnen voor follow-up en behandeling van sporadische hypofyse-adenomen ook
worden toegepast bij MEN1 patiënten.
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