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Children with MEN1 gene mutations may present first (and at a
young age) with Cushing disease

Angeliki Makril, Maria Belen Bonellal, Margaret F. Keill, Laura Hernandez-Ramirez!,
Gabriella Paluchl, Amit Tirosh1:2, Carolina Saldarriagal, Prashant Chittiboina3, Stephen J.
Marx4, Constantine A. Stratakis?, and Maya Lodish?

1Eunice Kennedy Shriver National institute of Child Health and Human Development (NICHD),
National Institutes of Health, Bethesda, Maryland 2Sackler Faculty of Medicine, Tel Aviv
University, Tel Aviv, Israel 3Surgical Neurology Branch, National Institute of Neurologic Disorders
and Stroke, National Institutes of Health, Bethesda, Maryland 4The National institute of Diabetes
and Digestive and Kidney Diseases, Bethesda, Maryland

Summary

Objective: Cushing disease (CD) is a rare entity caused by ACTH-secreting pituitary tumours,
leading to prolonged hypercortisolism. Most cases are sporadic but can rarely occur in the context
of familial predisposition, due to germline mutations in genes such as MEN1, leading to multiple
endocrine neoplasia type 1, MEN1. We have reported previously that CD can be the first and only
presenting manifestation of MENL. In this report, we describe a cohort of paediatric patients who
presented with CD as the first manifestation of MEN1.

Materials and Methods: A retrospective analysis of paediatric patients admitted to the National
Institutes of Health (NIH) Clinical Center for evaluation of hypercortisolism, between 1997 and
2017. MEN1 was diagnosed on a clinical, familial and/or genetic basis.

Results: Of a total of 238 children with CD, six patients were subsequently diagnosed with
MENL1, three males and three females with a mean age at diagnosis of CD at 13.4 + 2.9 years. Five
of the six patients had familial MEN1 and one patient was a sporadic case. Additional
manifestations of MEN1 included primary hyperparathyroidism in three patients and
hyperprolactinemia in two patients.

Discussion: This report describes a paediatric patient population with MEN1 in whom CD was
the initial manifestation, confirming a previous observation that paediatric patients with MEN1
may present first with an ACTH-producing adenoma. Therefore, germline MENI mutations
should be sought in paediatric CD and tested for when there is a suggestive family history and/or
other manifestations.

Correspondence: Angeliki Makri, Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD),
National Institutes of Health, Building 10, Room 2E-5140, 10 Center Drive, Bethesda, MD 20892, angeliki.makri@nih.gov.
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1| INTRODUCTION

Cushing disease (CD) is a rare disease in paediatrics. It is caused by ACTH overproduction
from the pituitary, most often due to an ACTH-secreting pituitary microadenoma. The
prolonged hypercortisolism results in the typical Cushing’s syndrome (CS) signs and
symptoms: truncal obesity, growth deceleration, skin changes, muscle weakness and
hypertension.1:2 Most cases of CD occur sporadically but can rarely occur in the familial
setting, most commonly in the context of multiple endocrine neoplasia type 1 (MEN1).1

MENL1 is a familial tumour syndrome that is inherited in an autosomal dominant manner
caused by a germline mutation in the MENI gene. It includes varying combinations of
endocrine and nonendocrine neoplasms. MENL1 is diagnosed on a clinical basis, when a
patient is found to have two of the three main MEN1-related endocrine tumours (parathyroid
adenomas, entero-pancreatic endocrine tumours, and pituitary tumour); on a familial basis,
when a patient has one MEN1-associated tumour and an affected first-degree relative; and
finally on a genetic basis, when an individual has an MENI pathogenic mutation.3# Other
neoplasms associated with MEN1 include neuroendocrine and adrenocortical tumours, facial
angiofibromas, collagenomas, lipomas, meningiomas, ependymomas and leiomyomas.3->

The prevalence of pituitary tumours in MEN1 varies widely from 10% to 60%, with
pituitary tumours presenting as the first clinical manifestation of MENL1 in 25% of sporadic
and 10% of familial cases.6:” ACTH-secreting tumours are generally rare in MEN1,
representing only approximately 2% of cases.? The literature on patients with MEN1 over
the age of 18 years includes a limited number of cohorts with CS.8-10 In this report, we
describe a cohort of six paediatric patients who presented with CD as their first
manifestation of MEN1. Three patients from our cohort had been previously included in
papers published from our institution by Simmonds et al® and Stratakis et al.1! The present
report aims to expand the cohort of MENL1 patients presenting with CD to include more
recently discovered cases as well as patients found to have MEN1 through novel methods of
testing, including whole exome sequencing.

2| MATERIALS AND METHODS
2.1] Clinical studies on CS and CD

We performed a retrospective chart review of paediatric patients (<21 years at diagnosis)
admitted to our institution for evaluation of hypercortisolism between 1997 and 2017 and
recruited under the research protocol 97-CH-0076 of the Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD). The study was approved by
the Investigational Review Board of NICHD and all patients and/or their parents gave
written assent/consent. The NIH Clinical Research Information System was used to obtain
medical records and clinical data.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Makri et al.

Page 3

All patients admitted to NICHD for evaluation of possible CS underwent laboratory and
imaging testing to provide accurate diagnosis and classification of the disease, as per
published diagnostic guidelines. This testing included including serum midnight and
morning cortisol and ACTH levels, 24-hr urinary free cortisol (UFC) and 17-
hydroxycorticosteroid (17OHCS) collections, high dose dexamethasone suppression test,
ovine CRH stimulation test, inferior petrosal sinus sampling and pituitary magnetic

resonance imaging (MRI) using thin sections and high resolution with contrast (gadolinium).
1,12

2.2 Diagnostic evaluation for MEN1

3|
3.1

Biochemical testing for MEN1 was performed only when there was suggestive family
history and/or other manifestations on presentation and included measurement of plasma
levels of parathyroid hormone, calcium, prolactin and gastrointestinal tract hormone profile
(gastrin, glucagon, vasointestinal polypeptide, pancreatic polypeptide, chromogranin A and
insulin with an associated fasting glucose level). Additional imaging was performed as
indicated in individual cases and included thyroid sonography (US) and sestamibi
parathyroid scan, renal US and DEXA scans to evaluate for hyperparathyroid-associated
complications, including renal calculi and osteoporosis. A dermatology consult was obtained
to evaluate for skin manifestations of MEN1 (angiofibromas, lipomas, collagenomas,
hypomelanotic macules). Genetic testing of the MENZ gene was performed when DNA was
available.

RESULTS

Patients

Of a total of 238 patients with CD evaluated at our institution since 1997, we identified 6
patients with an additional diagnosis of MENL1 at the time of their discharge after the initial
evaluation of hypercortisolism. Our cohort included three males and three females with a
mean age at diagnosis of 13.4 £ 2.9 years old (Table 1). The most common presenting
symptoms included weight gain and poor growth, similar to that of all our other patients
with CD occurring sporadically (Table 1). Follow-up evaluation was carried out at 6 months
and 1 year after the surgery. One patient was lost to follow-up (patient 3). For two cases
(patients 4 and 5), longer follow-up evaluations were available at 6-7 years after their initial
inpatient admission.

All the six patients had elevated UFC in at least three urine samples prior to their evaluation
at the NIH. Four of six patients (patients 1-3,6) had documented elevated midnight serum
cortisol levels (>4.4 pug/dL) and a positive response to HDDST (Table 2). The two patients to
whom diurnal serum cortisol measurements were not indicative of CS (patient 4 and 5, Table
2) had either positive diagnostic tests (patient 4) or exhibited spontaneous resolution of CS
stigmata after pituitary apoplexy (patient 5).

Patient 4 was a challenging case to diagnose as she turned out to have cyclical CD. She
presented to our institution for evaluation of excessive weight gain, development of thick
abdominal striae and irregular menses at the age of 13 years. Prior evaluation was equivocal
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for CD, including only one abnormal 24 hours-urinary free cortisol collection. During her
initial hospitalisation at our institution, midnight cortisol level was 4.3 pg/dL (normal < 4.4)
with normal diurnal variation. Additional UFC samples obtained during her hospitalisation
at the NIH were all within the normal range. After discharge, she was asked to collect
several 24 hours-urine samples over the next 2 months and bring these to our laboratory for
cortisol analysis. Thirteen samples were evaluated in our laboratory and all but 3, were
above the upper normal limit of 91 pg/24 h (ranging from 110 to 153.8). Her clinical
symptoms were worsening and she underwent IPSS, which showed a baseline central-to-
peripheral ACTH ratio at 6.57 increased to 33.44 at 10 minutes post-CRH administration.
TSS was eventually performed but she stayed hypercortisolemic; she was eventually cured
from her CD after a second TSS and remains eucortisolemic to date.

Patient 5 was initially found to have a 2 cm pituitary tumour in a brain MRI performed as
part of an extensive work-up for persistent chronic headaches, visual disturbances, marked
weight gain and development of violaceous abdominal striae. Serial imaging of the pituitary
over the next 2 years showed collapse and near complete resolution of the cystic structure
along with marked decrease in the pituitary lesion. Correlation with clinical information led
us to the assumption that she likely underwent pituitary apoplexy; at that time, she suffered
an episode of an intensely severe headache, described as the worst headache of her life and
shortly after, her headaches and prior visual complains had all resolved and her weight gain
stabilised. Pituitary MRI imaging was performed after this episode and revealed essentially
complete involution of the sellar cystic mass with normal-sized pituitary gland.

Pituitary MRI was performed in all the six patients; only three of them showed evidence of
pituitary adenoma. IPSS was performed when pituitary MRI failed to identify an adenoma or
if it was otherwise clinically indicated. Adrenal CT showed an incidental adrenal adenoma
and/or nodule in two patients (patient 2 and 6); however, patient 2 had a positive IPSS result
indicating CD and patient 6 had pituitary MRI and biochemical testing highly suggestive of
CD; transsphenoidal surgery (TSS) was performed in both these cases. In total, five of six
patients underwent TSS; four of these patients had one or two pituitary microadenomas
identified in surgery and confirmed by pathology (patients 1, 2, 3, 6). Patient 4, in whom no
adenoma was identified, underwent TSS twice within a 2-weeks period due to persistent
hypercortisolism. Patient 5 never had a surgical intervention as her CS signs and symptoms
spontaneously resolved after what appeared to be a pituitary apoplexy.

Immunohistochemical staining was performed for all the surgically excised specimens. Two
patients (patients 1 and 6) had adenomas that stained positive both for ACTH and prolactin
(Figure 1), indicative of the variability of pituitary tumours in MENL1. Two patients had more
than one pituitary adenomas identified (patient 1 and 2); patient 1 had an ACTH-
immunostaining positive adenoma and a second distinct prolactin-positive adenoma and
patient 2 had two distinct prolactin-staining adenomas. All the pituitary adenomas identified
in our patient cohort were microadenomas. A total of four patients had pituitary adenomas
identified (patients 1, 2, 3 and 6). Patient 2 was the only case that the pituitary adenomas
stained negative for ACTH; however, CD was biochemically confirmed pre-op followed by
clinical and biochemical resolution post-TSS.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.
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3.2 | Evaluation for MEN1

Five of six patients included in our cohort had a strong family history of MEN1 or MEN1-
related tumours in close relatives that were identified either at the time of the first interview
or after genetic testing became available. Three patients (patients 2,5,6) had elevated
calcium and PTH levels on presentation. Thyroid US and/or sestamibi parathyroid scan were
performed to evaluate the parathyroid glands. Parathyroid hyperplasia was identified in three
patients (patients 2, 5, 6) who underwent 2.5, 3.5 and 1 gland parathyroidectomies,
respectively. Serum calcium levels normalised in all patients with the exception of patient 5
who eventually developed recurrent asymptomatic hypercalcemia and therefore no
additional intervention is planned. Screening prolactin and gastrin levels were obtained to
evaluate for common MENL related tumours, including prolactinomas and pancreatic
neuroendocrine tumours. Prolactin was elevated at >80 pg/L in two patients (patients 1,6),
who also had a pituitary microadenoma, that was stained positively to prolactin on
pathology. Patient 6 reported menstrual irregularities, but no galactorrhea was present in
either patient. Both patients were successfully treated with cabergoline to address their
hyperprolactinemia status and repeat prolactin levels were within the normal range. Of note,
patient 2 had normal serum prolactin levels, despite having two distinct small prolactin-
staining tumour on immunohistochemistry measuring 3 mm at the biggest diameter. Serum
prolactin levels were confirmed with serial measurements at 20 minutes intervals ranging
from 10.5 to 13.7 pg/mL. While it is established that even minimal prolactin elevations can
be associated with prolactinomas, the only explanation we have for this discrepancy is the
relatively small size of the tumour. Screening gastrin levels were obtained for five patients
and were within the normal range for all of them.

A dermatology evaluation showed that one patient (patient 1) had nasal angiofibromas
consistent with MEN1, whereas another (patient 5) had possible face angiofibromas in the
setting of acne vulgaris, that were unable to differentiate from acneiform lesions. Additional
screening imaging for MENL1 related disease, had revealed a stable asymptomatic pancreatic
mass in patient 5, which is followed regularly by abdominal scans.

3.3| Genetic and DNA studies

Germline MENI mutational testing results were available for all the patients included in our
cohort (Table 3). Five of six patients had familial MEN1 that was identified either at the time
of the first interview or after genetic testing became available. One patient was a de novo
MENL1 case (patient 6). The MENZ gene was sequenced; if there were no mutations,
deletion testing was performed. MENI mutational testing was only performed in patients
when there was suggestive family history and/or other manifestations on presentation (eg
hypercalcemia or hyperprolactinemia found on routine testing). The remaining patients from
our cohort of 238 patients did not have MEN1 DNA testing thus our cohort may include a
few more undiagnosed cases of MENL1 that were not sequenced for.

3.4| Clinical outcome and follow-up

All the patients included in our cohort were cured with resolution of their CS-associated
symptoms, including one patient with spontaneous resolution of symptoms s/p likely
pituitary apoplexy. Serum cortisol levels were normalised in all patients, both in the
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immediate post-op period as well as their follow-up visit (apart from patient 3 who never
returned for follow-up). Biochemical remission was defined as midnight cortisol <4.4 ug/dL
or urinary free cortisol levels within the normal range at the first follow-up visit at 6-12
months post-TSS.

Two patients developed post-op panhypopituitarism (patients 4 and 6). The remaining
patients for whom follow-up data were available (patients 1, 2 and 5) had documented
recovery of their HPA axis (hypothalamus-pituitary-adrenal axis) as evident by peak cortisol
levels >18 ug/dL during an ACTH stimulation test at 12-18 months post-TSS or after what
appeared to be pituitary apoplexy for patient 5 Patient 4 underwent partial hypophysectomy
as a distinct pituitary adenoma was not identified intra-operatively or in pathology analysis
and eventually achieved clinical and biochemical resolution of her hypercortisolemia.
However, she went on to develop central diabetes insipidus, GH deficiency,
hypogonadotropic hypogonadism, central hypothyroidism and central adrenal insufficiency,
for which she is now on hormone replacements as clinically indicated. Patient 6 was only
recently evaluated at our institution and at her 8-month follow-up visit after surgery, the
midnight cortisol levels were <1 pg/dL and her hyperprolactinemia had also resolved.
However, she was found to have low plasma IGF-1 levels, low free thyroxine with
inappropriately normal TSH, and low gonadotropins, suggesting surgical
panhypopituitarism. She remains on hydrocortisone replacement therapy as her stimulated
cortisol level at 60 minutes post-ACTH was <18 pg/dL.

All the three patients who underwent parathyroidectomy (patients 2, 5 and 6), had initial
resolution of their hypercalcemia; patient 5 had recurrent hypercalcemia at 3 years follow-up
but remained as-ymptomatic without end-organ damage. Patient 1 had normalisation of both
cortisol and prolactin levels at 3 years follow-up.

DISCUSSION

This report describes a cohort of paediatric patients with MEN1 in whom CD was the initial
clue exhibiting the presence of the syndrome. MENL1 is an autosomal dominant familial
cancer syndrome with high penetrance. Manifestations can initiate as early as 5 years of age
and it is estimated that 95% of the patients will develop tumours by the fifth decade of life.3
The most common tumours found in MEN1 patients are tumours of the parathyroid glands
(85%). For patients who do not present with primary hyperparathyroidism, the most
common initial manifestation is a gastrinoma or prolactinoma.’

Among the anterior pituitary tumours that have been reported in MEN1 patients, most cases
involve a microadenoma (defined as diameter < 1 cm).* Almost every type of anterior
pituitary adenoma has been reported in the MENT1 literature*13: prolactinoma is the most
common type representing 20% of cases, followed by GH/PRL co-secreting adenomas, GH-
secreting adenomas and nonfunctioning adenomas, each representing 5% of cases. ACTH-
secreting pituitary adenomas, that lead to CD, account only for 2% of the cases.# Endocrine
tumours that occur in the context of MEN1 are thought to be more aggressive and resistant
to treatment as compared with the respective tumours occurring in non-MEN1 patients,
likely due to the tumour multiplicity found in MEN1 patients.3:8

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.
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In our cohort, manifestations of MEN1 included primary hyperparathyroidism in three
patients and hyperprolactinemia in two patients. All patients in our cohort presented with the
typical stigmata of CS, including excessive weight gain, arrest in linear growth, facial
plethora, proximal muscle weakness, and in females menstrual irregularities and hirsutism.
All the three patients with hyperparathyroidism were incidentally found to have elevated
calcium levels during work-up for CS. Two of these patients had a positive family history of
MENL1 that was previously not recognised. Hypercalcemia resolved in all the three patients
after parathyroid surgery. Both patients with hyperprolactinemia were started on cabergoline
therapy prior to surgical excision of the pituitary tumour and both exhibited resolution of
hyperprolactinemia after surgery. Two patients in our cohort have not yet exhibited any
MENZ1-related manifestations (patients 3, 4); however, a genetic diagnosis was made after
they presented with CS and family history suggestive of MEN1.

With regards to the aetiology of CS in paediatric patients with MEN1, all the six patients
included in the current paper, had CD. Our group had previously published one patient with
ectopic CS, who was found to have a germline de novo MENI mutation as part of genetic
MEN1 screening (patient 4 in the article published by Karageorgiadis et al.1* Simonds et al®
recently described 19 adult MENL1 patients with CS; 79% had CD and 21% had ACTH-
independent CS.

In our case series, none of the patients was previously diagnosed with MEN1 despite the fact
that in most cases there was a strong family history suggestive of MENZ1-related tumours.
While published guidelines recommend screening first degree relatives of MENL1 patients,
this was not the case in the patients included in this cohort. What is unique in these patients
is that CD was the initial manifestation of MEN1. As Stratakis et al'! previously suggested
the present study confirms that in a small number of paediatric patients with CD, an ACTH-
producing adenoma may be the first manifestation of MEN1. Although a rare finding in
patients with CS, the diagnosis of an underlying familial cancer syndrome is of paramount
importance for the prognosis and long-term surveillance of these patients, and it behoves
clinicians that diagnose children with CD to inquire carefully on family history suggestive of
MENL1 and if suspected, MEN1 gene and deletion testing should be pursued.
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FIGURE 1.
Pathology Specimen from Patient 6, Staining Positive for Both Prolactin (A) and ACTH (B)

[Colour figure can be viewed at wileyonlinelibrary.com]

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.



Page 10

Makri et al.

yBram ‘I yBlay ‘1H ‘UROLIBY UBdLLY ‘WY

"311usdIad Yige<

q

‘a|nuadlad EmmAw

15940
pue 323U 18 WSIINSIIY ‘SS3UMBaM 3|SNW ‘sayoepesy 1salle 1y ‘ured 1M

‘sayoepeay ‘ureb 1M\

saneNBalll [enisusw ‘wsnNsIIY [e1oey ‘eioyiald feroey ‘ureb M
rioyia|d [eroey ‘sayoepeay ‘1saLie 1y ‘urel I

SyJewW Yo3a.ls ‘sayoe auoq ‘saydepeay ‘ureh I

Aipigena 9salie 1y ‘ured I

swoldwAs
pue subis Bunuasaid

QQH.NV 88 (oT'1) 02T
(ve0-) 65 (59°0) vTT
(99°0-) 19 QQZV geT

oara)es  ,(097) 62T

v50) T2 Qﬁmmd €T
(62°0-) 67 (95°0) zotT
(01095-7) (81035-2)

(bH ww) dga  (bH ww) dgs

L9520 L9y
LOr2)6ee
LT 8VE
L1120 8'Ge
GUTASTE
p6r2) e

(31095-7)
(zw/Bx) 1INg

p(6€2) L°20T

o190 §'5L
p(LV'2) §'S0T
p(767) 599
(822 €26
(ev'T) 967

(31095-7)
(6>1) uBram

(69'1-) 6'TGT aluM
(€8°0) G'1ST aNUM
L08T) ¥L1 UM
(TT'0) £'5eT aluM
(0T0) €TLT aNUM

(0ze-) Tezt  vvpelg

(31095-7) aoey
(wo) wybraH

(@291
@DrTT
@eer
(Wee
(W) 5T
W)ott

(19pus9)
aby

T
di usned

Author Manuscript

aseasip s,Buiysnd yum suaned T-NJN 10} swordwAs pue subis Bunussaid pue soawolg

T3149vL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.



Page 11

Makri et al.

‘pawiogiad sem 1s3) uoneINWnS _._w_o.van_Q

*S|9A8] H.LOV PUB |0SI1409 WiNJas [eulnip ay) se uonesijendsoy awes sy fuinp paureiqo sajdwes autn-y g JusJagip € J0 mem><m

"a]qel 8y ul papiaoid pue pajenjens sem jusired ay) awil ay Je pasn sem Jey) Aesse ayl U0 paseq Jualaylp ale sabuel aoualayal snyl sIeak ay) Jano
pabueyd aAey UOIINIIISUL INO T8 Pasn SABSSE |0S110I aulin) Jal Y /B |0siI02 831y Areuun y yZ ‘04N ‘A1abins snuis [eplousydssuel] ‘SS ‘aAisod ‘sod ‘aseasip s, Bulysn)d o anireaipul si asuodsas aanisod
-Burjdwes snuis jesonad JoLBJUI ‘SSd] ‘@seasip s, BulysnD JO aAIRIIPUL SI 1S3} UOIRINWIS HYD dAINISOd ‘aseasip s, Buiysn) 4o annreaipul si asuodsal aAisod-1se) uoissaiddns suoseyiswexasp asop ybiy ‘aaH

(95-v
abues
H.LOV Joj sod (wd 90 Bwiouspe BUIOUSPR 181)
owg ndodAyued-uoissiwalu]  x 9°0 x 6°0) BWOUIPE Y 1d papIs Y-SS1  ewouspe [euaspe ] pajedlpurloN  d ww g sod sod v'eeg 8'TST T'6T/02 9
(22-8
Axa|dode Arennud abuel
A1y d/s swoydwiAs jo BUwIoUspe Bon Ja1)
K, uonnjosal snoauejuods auoN 3UON [ewiON paeolpuiloN ndwwg g V/IN 9'8. z'6€ qT/e°e S
wsijosioaIadAy (16
Ja)sissad > abuel
0] anp Sy9am s0d 191)
A9 ndodAyued-uoissiwal uj palyUapI BWOUBPE ON 2 UIYIM Zx SS1 |lewIoN sod [BWION g V/N FAl > 20T 6ET/0E 14
(Le-9C
1ud |elare| abues
H.LOV Joj sod (wd z°0 d 1e ewouspe 181)
VIN uoissiwBI Ul x 70 x 17°0) BwWOUape Y 8U0-SS1 [eWION sod [eWION s0d sod T6v 00TT  G2'0¢/LT €
'HL1OV Jo}
Bau ‘|ud 4oy sod (wo z'0
x 2'0 x 2'0) ewouape nud
JoLisjul sulpIN JoLisjur suljpiw (957
‘HLOV Joy Bau ‘|ud Joy pue ud Jouadns abuel
sod (W2 €0 xE0x20) 71 1e sewouape a|npou Ja1)
AT uoISSIWal U] ewiouape Jouadns O0M)-SS 1 Jeusipe 7 |[ews sod lewloN sod sod oy 0¥ZT  90T/TTT z
H.LOV Joj sod (wd T°0 1d Jousisod (16
x 2'0 x 2'0) ewouspe ¥ Y pue ud Jousue > abues
pue 1ud 1oy sod (wd z'0 -1 1e sewouape BUWIOUapPR Ja1)
Ke uoissiwal Ul x €0 x §'0) ewouspe 7 RS [ewloN sod wdwdT W/N  sod 6'€Z eEvT T'L/59 T
dn-mojjod 3Wo0NO ABojoyyed sBuipuy s[eualpe SSdl IdWMd 181 adH (we) 24N we/wd ail
aniresado 10 wis Hiov °© (Ip/Br)  usied
pue uonUaAJIBUI HYD 10S11409
1eaibing lewanig

Author Manuscript

T-NIIN yum spuaned ul aseasip s,6uiysnd Jo uonenjens Abojoyred pue Huibewi ‘[eaiwsydolg

¢ 3149vL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.



Page 12

Makri et al.

“J/l0WwW G'2-G0'z 9BUEI [eWIOU :3]|qe|IeAR WNIOJeD feioL,

‘sewlouabe]|od Jo sewod] ‘sewolqijoibue 1oy aniebau

‘uonrenjens ABojorewap Jaie sbuipuly us w/Bd 66-0 abuel jewuou uLises) (/6 0°Gz-0'T abues [ewlou unde|oId ‘sajoun feusared ‘sajoun-d w/Bd oi-9 abuel [ewiou suowloy proJAyrered ‘Hld
‘uolreaiynuapi ualied ‘gl 1d ayiow-pueib 1ealb feussred ‘ND9d Hayrespuelh [eutsled ‘49d ‘UISnod [eusdled ‘UISN0I-4 ‘B]oUN [euldrew ‘ajoun-jA ‘J/joww TET-/T T 9burl [ewiou wniofed pasiuol ‘[edl

UOISIOX® BLIoUape ploiAyesed

AwoyoapiosAyresed spuelb g'e

9UON

9UON

AwoyoapiosAyesed puelb gz
aUON

aseasIp pareja4-TNIIN
10} UOIUBAIBUI [e2164NS

BaN

sewoiquo1Bue aoey ajgeuonsand

e/

e/

BaN
sewolqiyo1Bue asoN

us

ZExSIAPBS 'LOI3PZSe-152°2 0L
9T«S}OE0TT1°d ‘Yiysawesy DI9PLOED 4
16TA'D '0<95G0 e/u

p86€0°d'1<0Z61T°d

T€
mmﬂvw_.a 1<DEVCTD 1
Z-TSUOXa uonajaq 9z

(2’66207 NN)  uLises
uoneInw TNIN

¢9¢
1)

e/u

9L
L'ET
1’887
d

§'6ET
¢'09T

e/u

LS.
¥'ee
Hld

k4>
vS'T
29T

9’1
¢ST
€eT
[e0!

3UON 9
Sjune-d z pue sajoun-d v ‘1ayre) 1e TNIN+ g
rwounoejoid yum une-jA ¥

sisourojedolydau pue
AwoyoapiolAyieled ylim saAire|al [eulalew

aldinuw pue JaYIoN WO O Ul TNIN+ g
uIsn0d-d pue 494 ul NI+ z
$ajoun-d pue ‘49d ‘1aurey ut TNIN+ 1

A1oisiy Ajlwe4 @l id

Author Manuscript

€3149vl

Author Manuscript

Author Manuscript

uonejuasaid uo T-NJIN JO uonenfea

Author Manuscript

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2019 October 01.



	Summary
	INTRODUCTION
	MATERIALS AND METHODS
	Clinical studies on CS and CD
	Diagnostic evaluation for MEN1

	RESULTS
	Patients
	Evaluation for MEN1
	Genetic and DNA studies
	Clinical outcome and follow-up

	DISCUSSION
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3



