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Abstract

Background Screening of multiple endocrine neoplasia
type 1 (MEN-1) patients is widely recommended because
one-fifth succumb to malignant neoplasms. However, rec-
ommendations for screening modalities and intervals are
based mostly on nonprospective data.

Methods Thirty-five of 48 MEN-1 patients were evaluated
at least twice by an annual screening program in a single-
center, prospective, nonrandomized study between 1997
and 2006. The screening program comprised anamnesis,
clinical examination, imaging procedures, and extensive
biochemical evaluations. Prospectively diagnosed lesions
were evaluated separately from nonprospectively diagnosed
lesions at first evaluation.

Results The median age of the patients was 45 years
(range = 15-70) at initial assessment. They were followed
for a median of 72 months (range = 24-108) by a median
of 6 (range = 2-10) evaluations. The vast majority of
lesions were nonprospectively diagnosed at initial evalua-
tion: 13 of 17 patients had primary hyperparathyroidism
(pHPT), 24 of 29 had pancreatic endocrine tumors (PETs),
and 4 of 4 had carcinoids. Vice versa adrenal lesions were
mostly prospectively detected (18/23). Malignancy was
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observed in 10 patients (28%) in the initial assessment and
without symptoms in 5 patients (9 PETs, 3 carcinoids).
Endoscopic ultrasound (EUS) of 29 patients detected 88
PETs which were followed for 157 patient years. The mean
annual growing rate was 13.28 + 28.23 mm with respect
to the baseline tumor diameter of 9 mm. In 35 patients the
mean incidence of newly diagnosed PETs was 0.52/year.
Adrenal lesions were invariably nonfunctional. A mean
change in diameter of 6.7 + 23.44% was monitored and
malignant transformation was absent.

Conclusions Most lesions are detected at initial screen-
ing, particularly malignant tumors. Computed tomography
of the abdomen and chest did not identify additional
lesions. The interval between screenings could be extended
to 3 years based on annually calculated growth rates and
the incidence of MEN-1-associated lesions. The assess-
ment of calcium, gastrin, and prolactin is sufficient for
biochemical screening in MEN-1.

Introduction

Multiple endocrine neoplasia type 1 (MEN-1) is a heredi-
tary cancer syndrome characterized by primary hyper-
parathyroidism (pHPT), pancreaticoduodenal endocrine
tumors (PETs), and pituitary neoplasms. In addition to
these most common findings, adrenal tumors, thymic and
bronchial carcinoids, lipoma, and angiofibromatous tumors
may occur [1-9].

Since the identification of the MEN-1 gene in 1997,
about 600 different germline mutations that cause the
syndrome have been reported [10]. Predictive genetic
screening is recommended because it provides the basis for
genetic counseling and identification of asymptomatic
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mutation carriers. Secondary unaffected family members
could be spared from unnecessary examinations [5]. The
penetrance of the MEN-1 syndrome is approximately
100%. About one-fifth of deaths of MEN-1 patients are
caused by malignant neoplasms [6, 11, 12]. The presence
of PETs, rare carcinoids of the thymus, and adrenocortical
carcinoma have apparently become determinants of long-
term survival [13, 14]. Zollinger-Ellison syndrome (ZES) is
the most frequently observed malignant functional PET
and occurs in 20-70% of the patients. The management of
PETs in MEN-1 patients is controversial, especially in the
case of ZES. The therapeutic recommendations for patients
with ZES range from conservative treatment by the use of
proton pump inhibitors to aggressive surgery [15, 16]. To
date a phenotype-genotype correlation is lacking, although
carriers of truncated mutations in exons 2, 9, and 10 of the
MEN-1 gene seem to have a higher incidence of malignant
tumors as previously published by our group [17].

The NIH consensus conference in 2001 emphasized a
widespread, extensive screening strategy to reduce morbid-
ity and mortality by early detection of tumor manifestations.
According to the NIH recommendations, periodic screening
should include anamnesis, with special attention paid to
symptoms caused by functional tumors, and biochemical and
imaging tests. Biochemical screening should be performed
annually and imaging tests are recommended every 3-
5 years [5]. Biochemical tests should include levels of cal-
cium concentrations, parathormone (PTH), gastric output,
fasting glucose, insulin, proinsulin, chromogranin A, glu-
cagon, prolactin, and insulin-like growth factor 1 (IGF-1).
There are no special recommendations for patients after
pancreatic or other surgery. Little is known about the impact
of psychological adverse effects of regular screening. Only a
few prospective screening studies that focused on distinct
diseases associated with MEN-1 have been published [3, 18—
20]. Based on the results of these studies, biochemical and
clinical features that contribute to earlier diagnosis and
consequently improve short and long-term management
were identified. The findings of these studies resulted in
modified recommendations for surveillance and therapy.
The most favorable strategy to clarify whether regular
screening improves long-term survival is a multicenter study
which is difficult to perform because of the low incidence of
the MEN-1 disease: it occurs in 30 of 100,000 people.

It still remains to be determined whether periodic
screening is capable of improving long-term survival of
MEN-1. The costs to the healthcare system are high and the
psychological effects on patients are often underscored.
The goals of this single-center study were to evaluate
which screening modalities are most efficient for early
detection of gland involvement of MEN-1 disease and to
recommend an interval of screening based on tumor growth
rates and incidences of propectively diagnosed lesions.

Methods
Patients

Atotal of 48 consecutive MEN-1 patients evaluated between
1997 and 2006 were considered for this study. Eligibility
requirements included a germline mutation within the MEN-
1 gene, at least two evaluations during this period, and
informed consent. Thirty-five patients (8 asymptomatic
mutation carriers and 27 MEN-1 patients) were included.
These 35 patients were from 25 unrelated kindreds from 10
different states in Germany. The remaining 13 patients were
excluded because of negative genetic testing (3) or incom-
plete assessments (10).

Clinical data were prospectively recorded and analyzed
with special regard to symptoms related to hormone excess
in endocrine diseases. To determine the extent of gland
involvement patients’ blood samples underwent extensive
biochemical screening for endocrinologic laboratory tests
(Table 1). Urine was sampled for 24 h to screen for adrenal
tumors (pheochromocytoma, Cushing’s syndrome) as well
as neuroendocrine tumors (5-HIAA). Pathologic endocrine
tests were followed by stimulating tests (Table 1). In addi-
tion, patients were routinely assessed by thin-sliced
computed tomography (CT) of chest and abdomen, magnetic
resonance imaging (MRI) of the pituitary, somatostatin-
receptor-scintigraphy (SRS), and endoscopic ultrasound
(EUS) of the pancreas and adrenal glands. Patients were
evaluated annually. Upon discovery of pathologic findings,
the interval between two evaluations was adapted to between
3 to 12 months depending on the patient.

Screening for gland involvement and therapeutic
strategies

Parathyroid glands

Parathyroid function was monitored by assessing intact
parathormone level (normal range [NR] < 65 pg/ml),
total serum (NR < 2.6 mmol/L), and ionized calcium
(NR < 1.6 mmol/L). We recorded first clinical symptoms,
time of surgery and surgical procedure, postoperative
hypocalcemia, and reoperations. In general, a bilateral
exploration of the neck with total parathyroidectomy, thy-
mectomy, and autotransplantation in the forearm was
performed as the initial operation. In case of recurrence we
used sestamibi scintigraphy and ultrasound to localize the
remnant parathormone source.

Pituitary

To assess pituitary disease, ACTH (normal range [NR]
< 60 pg/ml), GH (< 15 ng/ml), TSH (NR = 0.34-5.6
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Table 1 Clinical screening in
asymptomatic menin mutation

. . endocrine diseases
carriers and MEN-1 patients )

Comprehensive interview and physical examination (particular attention paid to symptoms compatible to

Biochemical tests

Basic parameters in blood (sodium chloride, potassium, creatinine, urea, serum albumin,

hemoglobin level)

Specific parameters in blood (PTH, calcitonin, PP, CgA, gastrin, insulin, C-peptide, somatomedin,
glucagon, VIP, serotonin, cortisol, aldosterone, renin, DHEAS, prolactin, hCG, ACTH)

Specific parameters in 24-h urine (adrenalin, noradrenalin, metanephrine, normetanephrine,

5-HIAA, VMA, cortisol)

Standardized endocrinologic tests (secretin provocation test, dexamethasone suppression test,

ACTH test, pituitary tests)
Imaging modalities
CT of chest and abdomen
SRS/SPECT
MRI of pituitary gland

Endoscopic ultrasound of adrenal glands and pancreas

mU/ml), LH (NR = 1.9-12.5 U/L), and FSH (NR = 35-
52 ng/L) and prolactin levels (NR = 2.1-17.7 pg/ml) in
serum were measured and MRI of the pituitary was
performed.

Pancreas

PETs were visualized by CT scan, octreotide scan, and
endoscopic ultrasound. The tumor diameters were assessed
by EUS initially and in the follow-up; the incidence of new
tumors was recorded. The diagnosis of a functional tumor
was established if there was excess hormone, except for an
isolated elevation of pancreatic polypeptide (PP). We
assessed PP (NR < 400 pg/ml), gastrin (NR < 125 pg/ml),
serotonin (NR = 40-400 ng/ml), chromogranin A (NR =
0-50 U/L), insulin (NR = 2.5-24 mU/L), C-peptide
(NR = 0.8-3.9 pg/L), glucose (NR = 60-110 mg/dl), glu-
cagon (NR = 59-177 pg/ml), vasoactive intestinal peptide
(VIP) (NR = 0-150 pg/ml), ACTH (NR < 60 pg/ml), and
urinary excretion of 5-hydroxyindoleacetic acid (5-HIAA)
(NR = 10.5-47.1 unol/day).

Zollinger-Ellison syndrome (ZES) was diagnosed in the
presence of clinical symptoms, an elevated fasting serum
gastrin level (norm < 125 pg/ml), a positive secretin
stimulation test (increase > 200 pg/ml), and a low pH (<2)
of the stomach. Preoperatively we regionalized the gastrin
source using selective arterial secretin injection angiogra-
phy (SASI) in a few cases [21]. If symptomatic
hypoglycemia (<40 mg/ml) was combined with hyperin-
sulinism (>20 pU/ml), insulinoma was confirmed by a
supervised fasting test. A vipoma was defined in case of
watery diarrhea (>6 L/day) and elevated VIP serum levels
(>130 pg/ml). Pancreatic tumors were considered non-
functional if neither hormone levels were elevated nor
symptoms associated with hormone excess were evident

@ Springer

except PP. Tumors were classified as malignant when they
demonstrated infiltrating growth, angioinvasion, lymph
node involvement, or distant metastases.

MEN-1 patients with ZES or hyperinsulinism underwent
laparotomy after diffuse metastases were excluded by
preoperative imaging. In case of nonfunctional PETs,
patients underwent laparotomy if the tumor size exceeded
10 mm. An intraoperative ultrasound and bidigital palpa-
tion of the pancreas were performed in all patients. For
ZES we routinely performed a distal pancreas resection to
the level of the portal vein, enucleation of pancreatic head
tumors, a duodenotomy with removal of tumors in the first
to the fourth portion complemented by lymph node dis-
section as implemented by Thompson [22] until 1997. The
spleen was preserved except when malignancy was con-
sidered. Since 1997 we have preferred a pylorus-preserving
pancreaticoduodenectomy because of the high incidence of
duodenal gastrinomas in MEN-1 patients [23]. In the
presence of nondisseminated liver metastases, we aimed
for resection or radiofrequency ablation. At the diagnosis
of nonfunctional (nf) PETs exceeding 10 mm, we admitted
patients for surgery to prevent further growth and the
development of metastases. The standard procedure for nf
PETs was distal pancreatic resection up to the level of the
portal vein. If malignancy was macroscopically suspected,
the resection was followed by lymphadenectomy and
splenectomy.

Adrenal gland

Biochemical screening for adrenal tumors included
assessment of plasma concentrations of adrenalin (A)
(NR < 150 pg/ml), noradrenalin (NA) (NR < 400 pg/ml),
CgA (NR = 0-50 U/L), cortisol (NR = 43-224 pg/L at 8
and 12 am. and 20 p.m.), ACTH (NR < 60 pg/ml),
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DHEAS (NR = 80-560 pg/dl), aldosterone (NR = 0.7-
15 ng/dl), and renin (NR = 5.2-33.4 pg/ml) and daily
urinary secretion of A (NR = 22-109 nmol/day), NA
(NR = 135-620 nmol/day), metanephrine (MN) (NR =
375-1506 nmol/day), normetanephrine (NMN) (NR =
573-1932 nmol/day), and cortisol (NR = 28.5-214 pg/
day). Adrenal lesions were followed by thin-cut computed
tomography and endoscopic ultrasound. Nonfunctional
lesions were diagnosed if enlargement or nodular changes
of the adrenal gland were present in imaging tests without
causing symptoms or abnormal hormone levels. Adrenal
Cushing’s syndrome was diagnosed if the dexamethasone
(2 mg) suppression test (cutoff < 30 pg/L) was positive
and ACTH levels were suppressed. Elevated cortisol levels
were assessed in 24-h urine and also in serum to detect the
loss of the diurnal rhythm. Surgery was performed on
nonfunctioning lesions larger than 50 mm as well as on
functioning tumors. After 2001 we followed a more
aggressive strategy because we found that 6% of 66
patients with small nonfunctioning adrenal lesions larger
than 30 mm went on to develop ACC [24]. Therefore, we
reset our limit for resection to 30 mm. Nonfunctional
adrenal lesions smaller than 30 mm were followed by
imaging every 3-6 months if newly diagnosed and longer
intervals if they did not change in growth or appearance.

Thymus and lung

Intrathoracic organs were assessed radiologically by thin-
cut CT scan and SRS. Serum levels of 5-HIAA, serotonin,
and CgA were obtained. Thymic carcinoid was treated by
transsternal resection; lung/bronchus carcinoids were con-
firmed by thoracotomy and treated by resection and
lymphadenectomy at limited stage. Lesions that were
diagnosed before the first screening are referred to as
nonprospectively diagnosed and data are included in the
section “Patients and methods.” We defined prospectively
diagnosed lesions as lesions that were newly detected
during the 8-year period of prospective screening.

All resected specimens were assessed histologically at
the Department of Pathology of the University of Giessen
and Marburg. Clinical data were recorded in access data
files, with special regard to the onset and the diagnosis of
the MEN-1 syndrome. Additional data were collected to
characterize the phenotype, including affected organs,
number and type of tumor, and incidence of malignant
tumors. MEN-1 gene analysis was provided by Taq cycle
sequencing using an automated sequencer (ABI Prism 310,
Applied Biosystems, Foster City, CA) as described previ-
ously by our group [25].

Patients were admitted to our hospital by the general
practitioner and discharged after 2-3 days. In general, all
investigations were scheduled within this period.

The study’s protocol was approved by the local ethics
committee.

Nonprospectively diagnosed lesions in 35 patients
(Table 2)

Parathyroid glands

Thirteen patients were diagnosed by a median age of
29 years (range = 15-70). Median calcium concentration
was 2.9 mmol/L (range = 2.7-3.2), with a median level of
intact parathormone of 109 pg/ml (range = 69-273). It is
of note that 8 of 13 patients were asymptomatic at the time
of diagnosis. Four of 13 patients presented recurrent pHPT
after a median period of 10 years (range = 6-26) after the
initial operation. Patients were followed for a median of
46 months (range = 11-71) after the last parathyroid sur-
gery. Three of six asymptomatic mutation carriers were
diagnosed at the initial screening by a median age of
18.5 years (range = 15-46).

Pancreaticoduodenal tumors (PETs)

PETs were diagnosed in 29 of 35 (85%) patients in this
study. The median age was 45 years (range = 15-70) at
the initial evaluation. Eighteen patients (59%) displayed
the feature of nf PETs, 11 patients had functioning tumors
(9 gastrinomas, 2 insulinomas). In nine patients (26%) the
diagnosis of a malignant PET was established. Twenty-four
patients were nonprospectively diagnosed as they presented
with PETs at the initial assessment.

Median age at diagnosis was 41 years (range = 20-54).
Twenty patients have undergone surgery so far. Malignant
PETs occurred in 9 patients (7 gastrinomas [Gas], 2 neuro-
endocrine carcinomas [NECA]), benign PETs in 12 patients
(3 Gas, 2 insulinomas [Ins], 7 nf PETSs); five of nine were
asymptomatic. Malignancy was established due to lymph

Table 2 Nonprospectively diagnosed lesions in 35 MEN-1 patients

Lesions No. of  Asymp- Surgery Malignant Age

patients tomatic disease MD

(MD) (years)

Parathyroid 13 8/13 13 0 ND
Pituitary 17 10/17 5 0 ND
Adrenal 5 5/5 1 0 ND
Pancreas 24 17/24 20™ ® 9 39 (32-49)
Thymus 1 1 1 1 46
Bronchus 2 2 2 2 32.51

4 WHO classification of 20 patients: 12 WHO 1, 8 WHO II

® TNM classification of 20 patients: 8 TINO, 3 T2NO, 1 T3NO, 5
TINI1, 1 T2N1, 1 T4NO, T4N1

MD = malignant disease
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node metastases in six patients, liver metastases in two
patients, and invasion of the pancreatic capsule in one
patient. Six of nine patients with malignant PETs immedi-
ately underwent surgery after the diagnosis of PETs was
established. Three patients were followed for 6, 12, and
60 months before they were scheduled for surgery. Seven-
teen of 24 (71%) patients were asymptomatic. EUS identified
PETs in 20 of 20 patients (not done in 4 patients preopera-
tively), whereas CT scan and SRS were nondiagnostic in 9 of
24 (38%) and 11 of 24 (46%) of the cases, respectively.

In 24 patients we detected 62 PETs by EUS and fol-
lowed them for 124 patient years. The annual growth rate
was 11.7 & 24.1% with respect to the baseline tumor
diameter of 9.0 mm. In these patients the incidence of
newly diagnosed PETs was 0.49/year. All patients who
previously underwent pancreatic surgery (19/24) developed
nf PETs with a median number of two tumors (range = 1-
10) after a follow-up of 6 years (range = 1-37).

In four patients with distant (2) or lymph node metas-
tases (2), CT found three of four and SRS four of four
lesions, but EUS was nondiagnostic in three of four. No
other distant or lymph node metastases were detected by
CT scan. As a consequence of these findings, all four
patients underwent surgery.

Hormone levels

Patients with ZES (9) often presented with more than one
elevated biochemical parameter (9 gastrin, 6 CgA, 4 Sero,
3 Glu, 1 PP). Ten of 18 patients with nf PETs showed
biochemical evidence for PETs (7 PP, 4 Pro-Ins, 3 Gas).

Adrenal lesions

Twenty-three of 35 patients (66%) revealed adrenal lesions
within the screening period. Only 5 of 23 patients dem-
onstrated adrenal lesions within the first screening. The
median age at diagnosis was 45 years (range = 19-49)
with a median tumor diameter of 9 mm (range = 7-50).
Three patients showed bilateral disease and 2 unilateral
disease. All patients were asymptomatic and exclusively
nonfunctioning tumors were observed. Two patients with
functioning tumors (1 pheochromocytoma, 1 bilateral
Cushing’s syndrome) were scheduled for surgery before
1997 as previously mentioned. Endoscopic ultrasound
visualized all adrenal lesions, whereas CT was nondiag-
nostic in one of five patients (20%). One patient underwent
laparoscopic adrenalectomy because of an incidentaloma
of 50 mm, revealing an adenoma at histology. One patient
with adrenocortical cancer, who had been reported on
previously, did not match the criteria for this study [24,
26].
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Pituitary tumors

Pituitary lesions were nonprospectively diagnosed in 17 of
35 (49%) patients, with 7 (41%) patients being symptom-
atic. The median age at the initial screening was 37 years
(range = 18-70). Prolactinoma was the tumor entity
observed most frequently (11/17 patients, 65%). Only
two of the eight asymptomatic mutation carriers showed
microprolactinoma by the age of 18 and 19 years, respec-
tively. Five patients underwent transsphenoidal resection.
Eight patients with prolactinoma were treated by the
administration of Cabergoline® (Pfizer, NY). No progres-
sion or invasive growth was detected after a median
follow-up of 6 years (range = 2-9), and none of the
patients without pituitary tumors at the initial assessment
developed a pituitary lesion during further follow-up. In the
majority of patients (14/17), hormone levels were elevated.

Bronchial, foregut, and thymic carcinoids

We nonprospectively identified one patient with a thymic
carcinoid, two patients with a bronchial carcinoid, and one
patient with a recurrent gastric carcinoid. They all were
diagnosed at the first assessment.

The thymic carcinoid was detected by CT scan and SMS
in an asymptomatic patient. No elevated hormone levels
were observed. This patient underwent sternotomy and
complete resection of the tumor at the age of 46 years and
was without evidence of recurrence after 7 years of annual
screening.

The bronchial carcinoids were diagnosed in a 32-year-
old asymptomatic female and in a 51-year-old male by CT
scan and SRS. We performed a lower-left lobectomy and
lymphadenectomy. Histology revealed neuroendocrine
carcinoma with a peribronchic lymph node metastasis.
After a follow-up of 6 years the patient revealed enlarged
mediastinal lymph nodes above the aortic arc, which were
stable since 12 months. The male patient had disseminated
disease and a diagnostic biopsy was performed. Stable
disease was observed for 9 years, but he also showed an
enlarged lymph node above the aortic arc 7 years after the
diagnostic biopsy.

One patient with a gastric carcinoid was treated by
gastrotomy and excision at the age of 47 years.

Results

The median age at first evaluation was 45 years (range =
15-70) and patients were followed for a median of
72 months (range = 24-108). Seventeen females and 18
males were evaluated by a median of 6 assessments
(range = 2-10). Median age at diagnosis of MEN 1 was
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35 years (range = 18-57); median age of eight asymp-
tomatic mutation carriers at the first evaluation was
24 years (range = 15-47).

A total of 155 CT scans of chest and abdomen, 145
EUS, 149 SRS, and 86 MRI of the pituitary gland were
performed. In general, about 40 different laboratory tests
were performed for each patient annually, encompassing
approximately 8000 biochemical parameters. The annual
costs were about 2,100€ with respect to the DRG, the real
costs were about 1,600€.

Below we discuss only prospectively diagnosed lesions
(Table 3) to clearly separate them from nonprospective
diagnosed lesions discussed in “Patients and methods”
(Table 2).

Primary hyperparathyroidism

Four patients were prospectively diagnosed by a median age
of 20 years (range = 18-22). Median calcium concentration
was 2.8 mmol/L (range = 2.7-2.9), with a median level of
intact parathormone of 86 pg/ml (range = 78-112). Patients
were followed for a median of 74 months (range = 60-108)
after parathyroid surgery. Three of six asymptomatic muta-
tion carriers were prospectively diagnosed.

Pancreaticoduodenal tumors

The median age at diagnosis of five patients with PETs was
32 years (range = 18-52). All patients had nonfunctioning
PETs and were asymptomatic. Three patients underwent
surgery. Histology revealed well-differentiated neuroen-
docrine tumors. CT scan missed three of five PETs and
SRS missed two of five PETs. Four of five patients dem-
onstrated biochemical evidence for PETs (1 gastrin, 1
proinsulin, 2 PP) before lesions could be imaged by EUS.
The patient with the moderately elevated gastrin level did
not match the criteria for ZES because the secretin prov-
ocation test was within the normal range.

Table 3 Prospectively diagnosed lesions in 35 MEN-1 patients

Lesions No. of Asymp-  Surgery  Malignant Age

patients  tomatic disease MD

(MD) (years)

Parathyroid 4 4/4 4 0 ND
Pituitary 0 0 0 0 ND
Adrenal 18 18/18 1 0 ND
Pancreas 5 515 3P 0 ND
Thymus 0 0 0 0 ND
Bronchus 0 0 0 0 ND

# WHO classification of 3 patients: 3 WHO I
® TNM classification of 3 patients: 2 TINO, 1 T2NO

MD = malignant disease

Imaging and hormone levels in 29 patients with PETs

In five prospectively diagnosed patients we detected 21 PETs
by EUS and followed them for 33 patient years. The annual
growth rate was 19.4 £+ 41.4% with respect to the baseline
tumor diameter of 6.6 mm. In all patients the incidence of
newly diagnosed PETs was 0.64/year. Two of three patients
who previously underwent pancreatic surgery developed two
nf PETs, each after a follow-up of 1 and 2 years .

Hormone levels in further follow-up

In six of eight patients with nf PETs but without initially
elevated hormone levels, biochemical evidence for PETs
was observed in the additional follow-up (4 PP, 2 Sero, 1
Gas). In 13 patients with a negative EUS, we found ele-
vated hormone levels in six patients who developed PETs,
which were visualized by EUS, after a median interval of
1 year (range = 1-2). Two of 13 patients were without
evidence of PETs after 3 and 8 years, and 5 developed
PETs without any hormone secretion after a median of
4 years (range = 2—6). Unequivocally, the most frequent
elevated parameters indicating PETs were gastrin, pan-
creatic polypeptide, and chromogranin A.

Adrenal lesions

The majority of patients (18) were prospectively diagnosed
after a median of 2.5 years (range = 1-6) after an initially
negative evaluation. The median age of the patients at
diagnosis was 48 years (range = 19-54), with a median
tumor diameter of 10 mm (range = 7-39). Eight patients
showed bilateral disease and 10 unilateral disease. All
patients were asymptomatic and exclusively nonfunction-
ing tumors were observed. EUS visualized all adrenal
lesions, whereas CT was nondiagnostic in nine patients
(50%). One patient was scheduled for laparoscopic adre-
nalectomy who showed an annual tumor progression of
10 mm at EUS in a cystic tumor of 42 mm. Histologic
analysis identified an adrenal pseudocyst.

Extensive biochemical screening for functional adrenal
lesions did not provide any additional information as only
nonfunctioning lesions were observed during the prospec-
tive screening program.

Thirty-seven adrenal lesions were followed in 23
patients for a median of 36 months (range = 12-48), with
an average size of 11.51 & 9.49 mm at baseline. The
average annual growth rate was 6.7 + 23.44%. Lesions
were followed during a total of 119 patient years. The
incidence of additional lesions in patients with previously
detected adrenal lesions was very low: only three new
lesions were additionally diagnosed which means 0.03 per
patient year.
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Pituitary tumors

Only in one 27-year-old female did we observe sublinical
Cushing disease with elevated ACTH and an elevated
cortisol level in 24-h urine. She was followed for 6 years
before these findings with a microprolactinoma treated
with Dostinex.

Bronchial, foregut, and thymic carcinoids

After follow-up of 6 and 9 years, both patients with
bronchial carcinoids developed enlarged mediastinal
lymph nodes that were highly suspicious for LNM above
the aortic arc. We performed endoscopic resection by es-
ophagoduodenoscopy in the patient with the gastric
carcinoid after follow-up of 42, 73, and 95 months since
the initial operation. A total of four neuroendocrine tumors
were excised. Gastroscopy was unremarkable 24 months
after removal of the last tumor.

Genetics

Mutations of the MEN-1 gene were identified in all patients
included in this study and they were found to be distributed
throughout the gene. In 35 patients from 26 nonrelated
families, a total of 19 different mutations were observed
(Table 4): six nonsense mutations (E116X, P529X, F448X,
Y90X, E530X, K119X), two frameshift (K120X, Q554X),
six missense mutations (R171Q, L168P, E26 K, W126 K,
R436Y, T1931), one splice site mutation nt894-1 G—A,
one out-of-frame deletion nt1390 del6, one nt1507 dell4,
one in-frame-insertion nt1651 InsC, and one nt302 Ins5.
We could not confirm that MEN-1 patients with truncating
mutations have a higher risk for malignant tumors, as
previously reported by our group [27] in this subset of
patients: Eleven of 23 patients with truncating mutations
developed malignant tumors, whereas only 2 of 12 patients
with nontruncated mutations (p = 0.13) did (Table 5).
There were no statistical differences regarding adrenal
lesions, age at initial diagnosis, or family history.

Discussion

About 20% of MEN-1 patients succumb to malignant
tumors. Malignant PETs are unequivocally the most frequent
cause of death [11] since diagnosis and management of
pHPT and ZES have improved. The mortality in older studies
was caused mainly by complications of peptic ulcer disease
[1, 28]. Before 1997 clinical and biochemial screenings
served to both identify putative MEN-1 carriers and detect
distinct lesions in MEN-1-affected patients. Since the iden-
tification of the Menin gene in 1997 by Chandrasekharappa,

@ Springer

predictive genetic screening allows surveillance of mutation
carriers by prospective screening and to keep patients with-
out germline mutation and typical gland involvement from
further unnecessary investigations [25, 29].

There are several potential benefits of a screening pro-
gram for MEN-1-affected patients or asymptomatic
germline mutation carriers: The first screening may lead to
earlier diagnosis of distinct organ manifestations. It could
help to avoid endocrine morbidity and malignant transfor-
mation. However, it is still a matter of debate whether
screening actually increases the survival rate. First experi-
ences with prospective screening in MEN-1 patients were
reported by Skogseid et al. [18]. They had earlier detection
of affected organs and emphasized less morbidity but could
not confirm or deny reduced mortality. Since then, we and
other groups assessed the prevalence and clinical charac-
teristics of MEN 1-associated diseases such as ZES and
thymic carcinoids in the special setting of a prospective
screening program [3, 20, 30, 31]. Some retrospective
studies indicated that reduced mortality from a screening
strategy for MEN-1 is likely because of prevention of
development and progression of malignancies [32-34].

The aim of this study was to evaluate annual screening
in MEN-1 patients with respect to tumor detection by
different diagnostic modalities and the impact on thera-
peutic implications.

First, one should compare the expression of the MEN-1
syndrome in our cohort with that in the literature to
underline that our results are not caused by an extraordinary
subset of patients. If we analyzed the expression pattern of
organ involvement in our 35 patients that were assessed by
our screening program at the end of the study period, 32 of
35 (91%) revealed pHPT, 34 (97%) PETs, 25 (71%) adrenal
lesions, and 18 (51%) pituitary tumors. Less frequently, we
observed one thymic (3%), two bronchial (6%) and one
gastric (3%) carcinoid. Prevalence of pHPT (82-97%), PT
(18-65%), and carcinoids (0-14%) was consistent with the
literature. PETs (38-84%) and adrenal lesions (5-45%) were
detected more frequently than previously reported by other
groups [1, 2, 14, 35-43]. However, it has been proposed that
extensive screening strategies and long-term follow-up with
regular imaging procedures may lead to a higher prevalence
of the different tumor entities.

The NIH consensus conference of 2001 recommends reg-
ular screening in MEN-1 patients by biochemical assessments
every year and by imaging every 3-5 years. The biochemical
markers proposed for use are calcium, PTH, prolactin, IGF-1,
gastrin, glucagon, chromogranin A, fasting glucose, and
insulin [5]. In addition to these hormones, we introduced to
our screening program biochemical markers that are known to
be elevated in neuroendocrine tumors (Table 1) and shortened
the intervals of imaging to 6-12 months. Costs for this
screening were about 2,100€/ year per patient.
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Table 4 Mutations and endocrine organ involvement in 35 MEN-1 patients

Patient Gender Mutation pHPT age PET age PT age Carc age
F1113 F P529X Ex10 y 28 y 32 n n
F21118 F E116X Ex2 y 40 y 41 y 40 n

F3 1112 M Q554X Ex10 y 46 y 45 MD n n
F411 4 F R171Q Ex3 n n y 41 n

F5 111 F L168P Ex3 y 33 y 32 MD y 37 n

F5 112 M L168P Ex3 n y 35 n n

F5 114 F L168P Ex3 n y 36 n n

F5 117 M L168P Ex3 y 47 y 49 y 44 n
Fsll1 M L168P Ex3 y 22 n n n
F51119 F L168P Ex3 y 18 y 19 n n
F6l13 F E26 K Ex2 y 32 y 32 n n

F6 1111 F E26 K Ex2 y 23 y 23 y 31 n
F8IV23 F F448X Ex9 y 32 y 32 MD y 32 n
Folll F nt894-1 G- > A y 37 y 37 MD n n
F11113 M K 119 X Ex2 y 40 y 48 y 48 n
F111115 F K 119 X Ex2 y 18 y 18 y 18 n
F12113 F nt1390 del6 Ex9 y 45 y 45 MD n n
F151113 M E116XEx2 y 44 Lipoma 45 n yL 51
F151114 M E116XEx2 y 48 y 52 y 43 n
F16l11 F Y90X Ex2 y 58 n y 59 yG 47
F171114 F K120XEx2 y 32 y 32 MD y 32 yL 32
F18l11 M E 530XEx10 y 70 y 32 y 70 n
F20111 M W 126 K Ex2 y 33 y 33 MD y 33 n
F221111 M E530X Ex10 y 49 y 49 MD n n
F23111 F R436YEx9 y 44 y 45 y 45 n
F241112 F nt894 G- > A y 51 y 51 y 44 n
F241V1 M nt894 G- > A y 19 y 19 y 19 n
F251111 M E 116 X Ex2 y 19 y 23 n n
F261112 F T1931 y 23 y 32 n n

F28 M nt1507 dell4 y 36 y 35 MD n yT 46
F291111 F E530X Ex10 y 32 y 58 n n
F31111 M nt302 Ins5 y 45 y 45 n n

F31 IV1 M nt302 Ins5 y 19 y 20 n n
F33111 M E 116 X Ex2 y 27 y 37 y 37 n
F34111 M InsC 514 Ex10 y 31 y 38 n n

F = female; M = male; y = yes; n = no; MD = malignant disease; L = lung; S = stomach; T = thymus

Table 5 Truncated and nontruncated mutations and malignant tumors

Mutations No. of patients with malignant tumors/total (n = 35) p (12 test)
Truncated 11723 0.13 NS
Nontruncated 2/12

NS = not significant

Prospective versus nonprospective lesions

Our results show that the majority of lesions were detected
in the first screening: 14/17 pHPT, 24/29 PETs, 4/4 car-
cinoids, and for 5/23 adrenal lesions. Patients with newly

diagnosed lesions underwent surgery for pHPT and PETs
in most cases. However, eight patients with PETs were
followed for a median of 3 years (range = 0.5-5) prior to
pancreatic resection. Bronchial and thymic carcinoids were
rarely observed (9%) and, surprisingly, were identified at
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the initial screening. Consequently, we do not recommend
a CT scan of the chest and abdomen. PETs in MEN-1
patients are often small and therefore superiorly visualized
by EUS, followed by SRS, as previously published by our
group [48]. However, in patients with a previous pancreatic
resection, SRS and CT should be applied, as lymph node
and distant metastases occurred in 17% (4/23) in our
cohort. However malignant tumors were confirmed in 12
patients with nonprospectively diagnosed lesions within the
first screening (30%).

Malignancy

Whereas 6 of 9 (66%) gastrinomas were malignant, only 3
of 13 (23%) nf PETs were classified as NECA. This is
consistent with the reported malignancy rate for gastrino-
mas of 40-60%, but lower than that so far reported in nf
PETs (27%) [20, 44]. This might be explained by the low
diameter of nf PETs, which is a result of our aggressive
strategy to schedule patients for surgery when PETs exceed
10 mm. Patients with malignant PETs tend to be older than
patients with benign PETs, with the former having a
median age of 39 years (range = 32-49) versus 32 years
(range = 20-55) for the latter. Both the lower incidence of
malignant PETs and smaller tumors in younger patients
emphasizes the benefit of early and aggressive surgery to
prevent and to detect metastases.

Growth rates of PETs and adrenal lesions

In the debate on the intervals of screening in MEN-1
patients, growth rate plays a pivotal role in providing
recommendations that should be based on prospective data.
PETs in MEN-1 patients usually grow slowly (13.3%/year)
and a mean of 0.52 tumor develops annually. This is
consistent with the literature, which is very limited. We
previously reported a growth rate of 1.3%/month and an
annual tumor incidence of 0.62/patient [45]. Thomas-
Marquez et al. [46] observed stable disease, without an
increase in the number and diameter in 62.5%, while the
number increased in 25% and diameter in 12.5%, respec-
tively. This provides important evidence for the definition
of screening intervals; thus, fast-growing tumors are rare
(1/35). In patients younger than 40 years of age, PETs grew
more slowly with a mean annual change in size of
4.7 &+ 17.8% compared with patients older than 40 years
with mean annual change in size of 19 & 31%, although
the tumor diameters at baseline were similiar at 8.4 and
9.4 mm, respectively. Therefore, EUS should be performed
every 3 years if rapid growth is not detected in the first two
annual evaluations. The incidence and the different entities
of PETs are consistent with our previously published data
[27, 47, 48].

@ Springer

Sixty-six percent of the 35 assessed MEN-1 patients had
adrenal lesions, which was in the line with the results of
previous publications by our group [24, 26, 49] but higher than
that reported in the literature [S0-52]. Eight of 23 patients with
adrenal lesions showed no evidence of growth, whereas 15 of
23 demonstrated a mean annual change of tumor diameter of
6.7 £ 23.44% during a median follow-up of 3 years by EUS.
CT missed adrenal lesions in 10 of 23 patients. All lesions
were nonfunctional and malignant disease was not observed
in any of these patients. In a recent study Kann et al. [49]
reported no significant growth in 27 patients followed for
24 months. An overlap of 13 of 23 patients compared in both
studies shows that our results support the finding that adrenal
lesions in MEN-1 patients are commonly small, nonfunc-
tional, and stable in follow-up. We therefore suggest a follow-
up every 5 years, except for lesions larger than 30 mm, as
malignant disease is reported in the literature [24, 51].

Biochemical markers

Various biochemical markers such as insulin, proinsulin,
PP, and glucagon were reported to be helpful in the diag-
nosis and management of PETs in MEN-1 patients [19].
However, EUS allows a superior detection of PETs. The
only parameter that was of clinical value in our study was
the gastrin level as was the secretin provocation test because
it has tremendous impact on the surgical procedure. About
half of the patients with nonfunctional PETs had elevated
hormone levels, most often PP and proinsulin, but it had no
effect on the management of these patients because the
pivotal parameter in nf PETs was the size. Therefore, hor-
mone levels for glucagon, proinsulin, and insulin could be
excluded from the NIH recommendations without loss of
infromation.

Hormone levels for carcinoids, pituitary, and adrenal
lesions are not essential because flush was not observed, all
adrenal lesions were nonfunctional, and most patients with
functioning tumors displayed prolactinomas. Therefore,
prolactin is sufficient and other hormones should be
assessed only in cases of clinical symptoms.

Nonfunctioning PETs after pancreatic resections were
observed in 17 of 20 patients after a median follow-up of
6 years. This may pose difficulties in further management
because it will lead to further operations with a high risk of a
pancreoprivic diabetes in patients in their mid-40 s. On the
other hand, this situation has to be taken into consideration
because we know that the mean age of premature death in up
to 17% of MEN-1 patients ranges from 45 to 55 years[11, 14,
53] and insulin treatment offers an adequate care for diabetes.

There is an ongoing discussion about the benefit of
regular screening for MEN-1 patients: All 35 patients were
alive at the end of this study with a median age of 49 years
(range = 22-76). However, in retrospective studies, 17%
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Table 6 Recommendation for screening modalities and intervals in
MEN-1 patients

Modalities Interval
(years)
EUS
Biochemical screening (Ca, gastrin, PP, prolactin)
CT chest and abdomen (exclusively in patients with
previous pancreatic resections or with bronchic
or thymic carcinoids)
SRS (only in patients with malignant PETSs) 3
Exceptions Interval
(year)
(1) After pancreatic resection
CT abdomen 1
EUS and SRS 1
Biochemical screening 1
(2) New diagnosed lesion
EUS 1
Biochemical screening 1

of MEN-1 patients succumbed to the disease at a mean age
of 47 years due to malignant PETs and carcinoids [11, 14,
53]. None of the eight patients who entered our study as
asymptomatic mutation carriers had a malignant PET,
whereas 10 of 27 MEN-1 patients had malignant tumors
(p = 0.07 NS). In total, 10 of 35 patients revealed 12
malignant tumors and none had diffuse metastatic spread.
The penetrance of the MEN-1 syndrome was 100%.
Altogether these findings emphasize the benefit of regular
screening in these patients from our point of view.

The cost of annual screening in MEN-1 patients was
2,100€ per patient per year and was accepted by health
insurance. The costs decreased to approximately 700€ per
year if intervals were extended to 3 years. Indeed, we
identified malignant tumors in 30% of patients, and we
have to assume that these patients will have a survival
benefit due to early diagnosis and therapy. Long-term
follow-up will clarify the uncertainty with respect to an
evident survival benefit.

From our our findings we provide an algorithm for
screening MEN-1 patients; it is given in Table 6.

Conclusions

Generally, most lesions, and in this cohort all malignant
lesions, are detected at initial screening. Therefore, CT scan
of the chest and abdomen has to be part of the initial
screening. In further follow-up, CT scan of the chest and
abdomen did not contribute to the identification of addi-
tional lesions and therefore should not be routinely

performed. EUS and SMS should be used in the follow-up
after pancreatic resections, as 17% revealed LNM or DM.
Based on our data on growth rates, intervals could be
extended to 3 years in small PETs and adrenal tumors as
rapid growth is rare. The assessment of calcium, gastrin,
pancreatic polypeptide, prolactin, and ACTH is sufficient
for biochemical screening in MEN-1.
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