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Abstract
Background: Multiple endocrine neoplasia (MEN) 2B is characterized by early development of

aggressive medullary thyroid carcinoma (MTC), visible physical stigmata, and associated symp-

toms. In most cases, de novo mutations are revealed. There are premonitory symptoms and stig-

mata that enable early diagnosis, before an inoperable MTC develops. The German Society for

Paediatric Oncology and Haematology (GPOH)—Malignant Endocrine Tumours (MET) registry

maintains records of childrenwithMTC in Germany since 1997.

Methods: Children with a diagnosis of MTC in MEN 2B recorded in the GPOH-MET study were

analyzed retrospectively. Stigmata and symptoms associated withMEN 2Bwere examined.

Results: From inception through 2017, 24 patients aged 0.2-17.3 years were included. Symp-

toms affecting the oral/dental (88.0%), musculoskeletal (79.2%), and gastrointestinal (70.8%) sys-

temswere recognizedmost frequently. Gastrointestinal andmusculoskeletal symptoms preceded

symptoms of MTC. Twelve patients had short stature. Regarding the prevalence of single symp-

toms, neuromas of the lips and the oral cavity werementionedmost frequently. Five patients died

from MTC. Patients diagnosed by tumor symptoms showed more advanced disease than those

with disease detected by other means. Children diagnosed via associated stigmata and symptoms

or positive family history had significantly improved overall survival (OS) compared to children

diagnosed via symptoms ofMTC (OS 100% vs 53.3%).

Conclusions: In children with MEN 2B, oral/dental, musculoskeletal, and gastrointestinal symp-

toms are most common. If children are diagnosed via associated symptoms and stigmata, OS is

improved. Most of the children were diagnosed with growth disturbances; this finding requires

verification and ranging in other patient cohorts.

K EYWORD S

growth disturbances, medullary thyroid carcinoma, multiple endocrine neoplasia type 2B,

stigmata

1 INTRODUCTION

Multiple endocrine neoplasia (MEN) 2 is an autosomal dominant onco-

logic neurocristopathy characterized by multifocal medullary thyroid

carcinoma (MTC), invariably with a background of C-cell hyperplasia.1

Abbreviations: ATA, American Thyroid Association; GPOH, German Society for Paediatric Oncology andHaematology;MEN, multiple endocrine neoplasia; MET, malignant endocrine tumors;

MTC, medullary thyroid carcinoma; OS, overall survival..
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Three distinct subtypes have been characterized with different inci-

dence, genetics, age-related penetrance, aggressiveness of MTC, and

association with other diseases. In MEN 2A besides MTC, pheochro-

mocytoma, primary hyperparathyroidism, Hirschsprung disease, cuta-

neous lichen, and amyloidosis can occur. In other cases,MTC is isolated
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(familial MTC). In addition to calcitonin-producing thyroid tumors,

pheochromocytoma, typical stigmata, and associated symptoms some-

times characterize children with MEN 2B.2 MTC is usually the first

tumor to occur and is the most common cause of death among these

patients.3 This malignancy is particularly aggressive in MEN 2B and

may even occur in infancy.4 Therefore, the current American Thyroid

Association (ATA) guidelines recommend thyroidectomy in the first

year of life, perhaps even in the first months.5

The pathogenesis of MEN 2B involves the proto-oncogene rear-

ranged during transfection (RET).6 This gene encodes a transmem-

brane receptor tyrosine kinase that activates multiple downstream

pathways, promoting cell growth, proliferation, and survival. The vast

majority of patientswithMEN2Bharbour de novomutations and have

no sign of predisposition in their family history. It is crucial to recog-

nize typical stigmata before the patient develops advancedMTCwith a

poor prognosis. Detailed description of the phenotype and age-related

appearance may help to recognize patients before the development of

advanced MTC with a poor prognosis.7 A recent international, multi-

center, retrospective study highlights the importance of early diagno-

sis with impact on overall survival (OS).8

2 METHODS

The GPOH-MET 97 study, conducted by the German Society for

Paediatric Oncology and Haematology (GPOH), created a prospective

multicenter interdisciplinary national trial, which catalogues children

and adolescents with malignant endocrine tumors (METs), including

MTC. Since January 2013, the GPOH-MET 97 study has continued

as the GPOH-MET registry. The GPOH-MET 97 study protocol and

the GPOH-MET registry protocol were approved by the ethical

committees of the University of Luebeck (97-125/23.12.1997) and

Otto-von-Guericke-University Magdeburg (174/12, 20.12.12), Ger-

many.Written informed consent was obtained from either the parents

of the patients or the patients themselves, if 15 years of age or older,

andwas necessary for registration and follow-up.

Recordswere retrospectively reviewed for childrenwith a histolog-

ical diagnosis ofMTC inMEN2Bwho had been admitted from January

1996 throughMay 2017. All patients with only somatic RETmutations

were excluded. All clinical features mentioned in the medical charts

were collected and summarized for each child. Morphologic features

and associated symptomswere analyzed as described by Kahn et al.9

Growth disturbances were included in this analysis because the

musculoskeletal system is involved inMEN2B.Disturbances of growth

were defined as individual height below the third or above the 97th

percentile for the corresponding mean height for a given age, sex, and

population. If no precise body measurements were available, the diag-

nosis was made if it was mentioned by a physician or if hormonal ther-

apy was provided.10 The data of the German Health Interview and

Examination Survey for Children and Adolescents (KiGGs 2003-2006)

were used as reference population (Bundesblatt). Percentile curves

and ranks were calculated using CrescNet.11 Information regarding

the heights of the parents was available in only a few cases. Weight

for height percentagewas used in childrenwith short stature for nutri-

tional assessment. The weight was compared with the weight (50th

percentile) of a child of the same sex and height.

The time course of the disease and the development and recogni-

tion of the symptoms were not analyzed because the reporting was

not sufficiently detailed in most cases. Pearson’s chi-squared test was

used to compare the frequencyof categorical data. Student’s t-testwas

used to compare themeans of the two groups. OSwas estimated using

Kaplan-Meier survival analysis and compared using the log-rank test.

Data analysis was performed using SPSS 24.0. Any finding with a P-

value less than .05was considered significant.

3 RESULTS

3.1 Patient characteristics

In total, 24 children (12 males, 12 females) with MTC inMEN 2B, aged

0.2-17.3 years (mean 9.6 years) at the time of thyroid surgery, were

included. The registered patients were from unrelated kindreds. In 21

cases, MEN 2B was attributable to a mutation in codon 918 of RET.

In three patients, no information on RET mutations was available, and

diagnoses were made by family history and typical stigmata of MEN

2B.Most of the children (87.5%) harboured de novomutations and had

no sign of predisposition in their family history. In three cases, MEN

2B was diagnosed in first-degree relatives, and in three children, no

information was available. The mean follow-up period was 5.9 years

(0.2-18.6 years).

3.2 Frequency of stigmata and symptoms associated

withMEN 2B

The most frequent phenotypic characteristics affected the oral/dental

(88.0%),musculoskeletal (79.2%), andgastrointestinal systems (70.8%)

(Table 1). Regarding the prevalence of single symptoms, neuromas of

the lips (often described as “bumpy lips”), the tongue, and the buc-

cal mucosa were mentioned most frequently. Chronic constipation,

often since infancy, was the second most frequent finding. If histo-

logical investigations were performed, intestinal ganglioneuromatosis

was diagnosed in these cases. Furthermore, marfanoid habitus was

describedwith the same frequency.

In addition to marfanoid appearance, growth abnormalities, defor-

mities of the foot and hip, muscle hypotonia, and malpositions of the

spinal column were recognized. Ocular manifestations were reported

in more than half of the children. Chronic or recurrent conjunctivitis,

mucosal thickening, and neuromas were registered most frequently.

An inability to crywith tears was recognized by the treating physicians

in four patients. Neuromas of the larynx were rarely detected.

3.3 Growth disturbances inMEN 2B

Growth disturbances were detected in 14 of 24 (58.3%) patients.

Eleven children showed heights below the third percentile and were
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TABLE 1 Reported abnormalities associated withmultiple endocrine neoplasia 2B, after Kahn et al9

System Symptoms Patients, n (%) Mean age (range)

Oral/dental All oral/dental symptoms 22 (88.0) 10.1 (0-17.5)

Oral neuromas of tongue, lips, buccal mucosa 22 (88.0) 10.7 (0-18.9)

Enlarged, nodular lips 21 (87.5) 11.4 (1.4-18.7)

High-arched palate 5 (20.8) 12.8 (10.7-15.0)

Gingival hyperplasia 3 (12.5) 11.9 (9.4-15.6)

Prognathic mandible 3 (12.5) 12.2 (10.7-14.3)

Spacing of anterior teeth 1 (4.2) 13.1

Musculoskeletal All musculoskeletal symptoms 19 (79.2) 8.5 (0-16.4)

Marfanoid habitus 16 (66.7) 13.6 (8.7-18.5)

Growth disturbances 14 (58.3) 7.4 (0.5-15.5)

Short stature 12 (50.0) 6.2 (0.5-13.1)

Somatomegaly 2 (8.3) 14.6 (13.6-15.5)

Foot or hip deformity 9 (37.5) 7.9 (0-16.1)

Muscle hypotonia 7 (29.2) 7.6 (0-16.4)

Lordosis/kyphosis/scoliosis 7 (29.2) 14.3 (8.3-22.6)

Long, thin extremities 6 (25.0) 15.2 (10.7-22.6)

Increased joint laxity 5 (20.8) 10.5 (3.6-14.6)

Epiphysiolysis capitis femoris 3 (12.5) 13.9 (12.2-15.1)

Gastrointestinal All gastrointestinal symptoms 20 (83.3) 5.2 (0-14.8)

Chronic constipation or intestinal ganglioneuromatosis 16 (66.7) 4.2 (0-14.8)

Lowweight for height 8 (33.3) 5.4 (0-14.8)

Cholecystitis 3 (12.5) 11.1 (6.5-14.4)

Ophthalmologic All ophthalmologic symptoms 13 (54.2) 11.8 (5.2-17.4)

Chronic/recurrent conjunctivitis 7 (29.2) 13.8 (5.4-19.6)

Thickened eyelid margins or mucosal neuromas 6 (25.0) 13.2 (9.3-18.5)

Tearless crying (decreased lacrimation) 4 (16.7) 11.0 (5.2-16.5)

Thickened corneal nerves 3 (12.5) 11.5 (9.6-14.3)

Facies All facial symptoms 12 (50.0) 9.8 (0-15.9)

Long lower face 2 (8.3) 12.9 (10.7-15.0)

Low-set ears 1 (4.2) 0.0

Otolaryngologic Nasal, laryngeal, or bronchial mucosal neuromas 2 (8.3) 15.8 (14.2-17.3)

Other Pubertal delay 3 (12.5) 14.1 (13.4-14.5)

Medullary thyroid carcinoma 12 (50.0) 12.1 (4.9-17.3)

diagnosed with dwarfism. One male was diagnosed with short stature,

but no bodymeasurementswere available. The heights of two children

were above the 97th percentile. In 21 of the children, body measure-

ments were available for at least one time point. Growth charts for

patients with growth disturbances are shown in Figures 1 and 2. One

femalewas treatedwith the growthhormone, andat the time forwhich

a height measurement was available, she showed catch-up growth

(patient 19). The mean percentile of body height was 29.1 (range 0.1-

98.6), and the mean z-score was –1.2 (range –5.9-2.2). A substantial

proportion of registered patients presented with growth disturbances

in pediatric endocrinology. Before thyroidectomy in eight childrenwith

growth disturbances, thyroid-stimulating hormone (TSH) levels were

measured within the reference ranges. In one child with short stature,

TSHwas slightly elevated (5.45mU/L). Bone ageswere appropriate for

age in two patients. IFG-1 and IGFBP-3 levels were low in two of five

children. In one of three cases, the level of the growth hormone was

low. In three childrenwith short stature, theweight for height percent-

ages were assessed to be below 70%.

3.4 Age-related appearance of symptoms

and stigmatas inMEN 2B

When examining the first evidence of symptoms, gastrointestinal

disorders and musculoskeletal symptoms preceded with a signifi-

cant margin the first symptoms of MTC (Breslau test, P = .001 and

P = .027) (Figure 3). Chronic constipation or diagnoses of intestinal
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F IGURE 1 Growth charts of females with
multiple endocrine neoplasia 2B and growth
disturbances

F IGURE 2 Growth charts of males with
multiple endocrine neoplasia 2B and growth
disturbances

ganglioneuromatosiswere present in almost 30%of children at the age

of one year.Oral and ophthalmologic signs of the cancer predisposition

syndrome were not recognized frequently in early infancy. Neverthe-

less, a few infants were diagnosedwith bumpy lips, foot deformities, or

lowweight for height.

3.5 Outcome by type of diagnosis

Clinical presentations and extent of disease by type of diagnosis are

shown in Table 2. In half of the cases, symptoms ofMTC led to the diag-

nosis of MEN 2B at a mean age of 12.6 years. The signs and symptoms

of MTC were an indolent cervival swelling in eight; stridor, dyspnoea,

and coughing in two; and cachexia in one patient.

Typical stigmata associated with this cancer predisposition syn-

drome raised suspicion for MEN 2B in five cases. Four children suf-

fered from chronic constipation that led to histological sampling and

a diagnosis of intestinal ganglioneuromatosis. One child presented

with short stature, and a tumor of the thyroid was diagnosed using

the standard diagnostic approach. Children diagnosed from symptoms

caused by MTC were significantly older at the time of thyroid surgery

than children diagnosed from stigmata or associated symptoms (t-test,

P < .001). Accordingly, the extent of malignancy was more advanced

in children diagnosed via symptoms of MTC than in those diagnosed

by other means—the tumors were larger, lymph node (pN1) and dis-

tantmetastases (pM1)weremore frequent, and extrathyroidal growth

wasmore common. Biochemical cure, defined as an undetectable level

of calcitonin, was achieved in only one of 12 patients recognized via

tumor symptoms.

Five of the patients died from MTC. If MEN 2B was suspected

because of physical signs or a positive family history, OS was

significantly improved (OS 100% vs 53.3%, log rank, P = .015)

(Figure 4).
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F IGURE 3 Appearance of stigmata and symptoms inmultiple endocrine neoplasia 2B

4 DISCUSSION

It is crucial to recognize children harbouring de novo RET proto-

oncogene mutations that cause MEN 2B.12 If affected children are

identified before the development of advanced malignant disease,

surgical cure is possible.7 The aim of this retrospective analysis was

to collect all the different characteristics in as much detail as pos-

sible. The impact on clinical course and outcome should also be

determined.

In our data, oral and dental findings were the most frequent mani-

festations, followed by musculoskeletal and gastrointestinal signs. It is

important to draw the attention of pediatricians and physicians to that

finding, enabling them to diagnose patients early. According to the cur-

rent ATA guidelines,MEN2B andRETmutation in codon 918 carry the

highest risk levels.5 In affected patients, genetic testing and prophylac-

tic surgery are recommended to be completed as soon as possible.

A literature review on the topic mostly revealed case reports and

small case series. The most comprehensive analysis dealing with clin-

ical features of MEN 2B and their appearance over the lifespan was

published by Brauckhoff et al.13 Those investigators sent the parents

of affected children a questionnaire centering on pregnancy, delivery,

symptoms during the first year of life, and the symptoms leading to the

diagnosis of MEN 2B. Clinically healthy age- and sex-matched infants

served as controls. The team found that crying without tears was the

ideal premonitory symptom. This feature appeared at a mean age of

0.15 years and was present in 91% of cases. In our investigation, how-

ever, physiciansmentioned this feature in only four cases. Thedifferent

results may be due to the dissimilar approaches used. The parents may
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TABLE 2 Considerations leading to diagnosis and extent of medullary thyroid carcinoma (MTC)

Symptoms ofMTC
Stigmata and
symptoms

Family history of
multiple endocrine
neoplasia 2B p-value

Patients 12 10 2

Mean age in years (range) at
MTC surgery

12.6 (5.2-17.3)a 7.6 (0.2-15.9)a 1.6 (0.6-2.5) ap< 0.001

Preoperative CTN, mean 17 119 pg/mLb 4475 pg/mLb 148 pg/mL bp= 0.376

Preoperative CTN, range 283-105 416 pg/mL 45-24 200 pg/mL 105-191 pg/mL

Tumor size in cm (range) 2.6 (1.5-4.1)c 0.9 (0.2-2.5)c 0.3 (0.2-0.3) cp= 0.005

Extrathyroidal, n (%) 8/10 (80)d 2/9 (22)d 0/2 (0) dp= 0.012

pN1, n (%) 12/12 (100)e 4/10 (40)e 0/2 (0) ep= 0.001

pM1, n (%) 8/12 (67)f 1/10 (10)f 0/2 (0) fp= 0.012

Postoperative CTN, mean 26 412 pg/mLg 7815 pg/mLg 11 gp= 0.468

Postoperative CTN, range (3-106 250) (2-53 904) (4-19)

Biochemical cure, n (%) 1/12 (8)h 5/10 (50)h 1/2 (50) hp= 0.029

Mean follow-up in years (range) 4.6 (0.5-10.8) 8.0 (0.2-18.6) 4.1 (2.6-5.6)

Overall survival 10 years (%) 53.3i 100i 100%i ip= 0.015

Abbreviation: CTN, calcitonin.

F IGURE 4 Considerations leading to diagnosis and overall survival

have considered tearless crying a harmless feature and failed to report

it to the treating physicians.

In the data from the GPOH-MET registry, oral and dental stigmata

were the most common manifestations. Overall, 23 of 24 patients

had conspicuous oral, dental, and/or facial symptoms. Among these

findings, neuromas of the tongue, lips, and buccal mucosa were

described most frequently. Syndromic oral findings indicative of MEN

2B have been noted since the beginning of the last century. In 1976,

Carney et al reported on 16 cases with oral abnormalities examined

at the Mayo Clinic and reviewed 51 additional cases published to

that date.14 Those investigators summarized themucosal involvement

in MEN 2B and proposed a predilection for the centrofacial region,

with the central portion of the lip and the tip of the tongue being

most affected. The oral lesions, although asymptomatic and benign,

can cause considerable psychological distress.15 Affected patientsmay

consult an oral andmaxillofacial surgeon or an orthodontist because of

labial nodules or malocclusion.16,17 Even those types of practitioners

should be aware of the significance of these findings. MacIntosh et al

described themaxillofacial appearance of five patients.18 In all the sub-

jects, prominent lips, oral lesions, macroglossia, central diastema, and

apertognathiawere evident. Lesions of neural origin are rare in the oral

and maxillofacial region, representing less than 1% of cases submitted

to oral pathology laboratories.19 In a retrospective study of 340 neu-

ral neoplasms of the oral cavity, only one patient was diagnosed with

multifocal mucosal neuroma as a component of MEN 2B.20 Almost all

specific signs develop in an age-related manner. Mucosal neuromas

leading to bumpy lips are not always present in early childhood.21

Gastrointestinal symptoms are common in MEN 2B, reaching

an incidence of 70% to 97%.8,22,23 Intestinal ganglioneuromato-

sis causing chronic constipation was present in 16 patients in the

GPOH-MET registry but led to diagnosis in only four patients.

Gastrointestinal discomfort was the most promising premonitory

symptom before the development of MTC symptoms. A review has

been conducted on 55 patients with a special focus on gastrointestinal

symptoms prior to the diagnosis of MEN 2B.24 The most common

symptom by far (73.0%) was constipation, followed by diarrhea

(29.1%), failure to thrive (11.0%), abdominal distension (14.5%), and

vomiting (10.9%). In 29 of 55 patients, the first signs of gastrointestinal

symptoms were present at birth or during the first year of life. Intesti-

nal ganglioneuromatosis led to an investigation for MEN 2B in 15

patients. Camacho et al described four patients diagnosed with MEN

2B and advanced MTC due to late diagnosis.25 In all four patients,

chronic constipation had been present since infancy. It cannot be

stressed enough that severe chronic constipation since early infancy
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should be followed up and investigated.26,27 Constipation is the sec-

ond symptom appearing in the course of life, according to Brauckhoff

et al.13 Many patients report constipation during early childhood, later

to be intermittently relieved by diarrhea.15,21

Marfanoid habitus is assumed to be present in the majority of

patients with MEN 2B.23 The label “marfanoid habitus” is a collec-

tive, nonspecific term that is difficult to standardize. This manifesta-

tion is characterized among other manifestations by large hands and

feet, long extremities, and an elongated face. Many of the patients

included in the present study were described as marfanoid without a

complete list of single symptoms. In addition to MEN 2B, marfanoid

habitus is reported in Perrault syndrome, Lujan-Fryns syndrome, and

Shprintzen-Goldberg syndrome, to name just a few.28–30

In this retrospective analysis of affected children in Germany, a

significant proportion showed growth disturbances. More than half

of the patients were diagnosed with short stature. All patients were

from unrelated kindred, which excludes a bias arising from hereditary

growth disturbances of other etiology. Growth failure due to hypothy-

roidismwas not present in any of the children. In 40% of the cases, low

levels of IGF-1 and IGFBP-3 were detected. That may hint at the diag-

nosis of a growth hormone deficiency. In addition, the nutritional sta-

tus is an important determinant of the growth hormone-IGF axis. Chil-

dren with malnutrition show high levels of the growth hormone and

low levels of IGF-1 and IGFBP-3.31 Further research is needed on pos-

sible causes. Growth charts were analyzed and illustrated to confirm

this surprising finding. Regarding body height andMEN 2B, only a few

case reports havebeenpublished.32 A15-year-oldmale reportedonby

Nelson et al in 1979 presented with short stature.33 That patient’s

height was above the 50th percentile at the age of 6 years, but 8

years later, his height was in the third percentile. The authors assumed

that many factors, including intestinal malabsorption and excess calci-

tonin, may have influenced the slowing of the patient’s growth. Severe

malnutrition was present in three children with short stature. One

male had a normal weight for length percentage at the age of 9.6

years and a ratio below 70% from the age of 10.8 years. It is diffi-

cult to settle on what comes first. Does intestinal malnutrition impair

growth in children with MEN 2B? Carney et al described 21 patients

with MEN 2B in 1981.34 Eleven of those patients were members of

three families. Five patients showed growth disturbances—four were

diagnosed with dwarfism and one showed height above the 97th per-

centile of the corresponding peer group. Because little has been pub-

lished regarding body height in MEN 2B, further verification of our

findings is necessary. To our knowledge, although growth disturbances

have been described in patients with MEN 2B, a general associa-

tion has not yet been drawn. The quality of the anthropometric mea-

sures is low in the current investigation, with the parents’ heights

missing.

There are a number of case reports dealing with ophthalmo-

logic signs of the disease.35,36 Critical findings could be possible if

the patient is examined by an ophthalmologist or an oculoplastic

surgeon.37 Prominent corneal nerves, thickening of the eyelids, and

subconjunctival neuromas are frequently reported. In a review of 33

published cases, prominent corneal nerves were a striking ocular char-

acteristic of MEN 2B.38 In the present analysis, not all children were

examined by ophthalmologists. Therefore, the incidence of ocular find-

ings may be underestimated. Some of the ocular features are asymp-

tomatic andmay go unnoticed by the patient and the physician.

Laryngeal neuromas appear to be very rare in MEN 2B. Only a few

patients have been reported in the literature.39,40 In our data, two

of 24 (8.3%) children were diagnosed with neuroma localized in the

larynx. Such growths canmanifest as potentially airway-compromising

lesions.41

The way children with MEN 2B were identified had an impact

on the extent of tumor spread and outcome in our data. If children

were detected via tumor symptoms, lymph node metastases were

present in all cases, and distant metastases were detected in two

thirds of cases. A study including 44 children and adults described

similar results.7 Biochemical cure, the most favorable result for a

patient with MTC, was achieved in half of the children with MEN 2B

in the GPOH-MET registry after recognition of associated stigmata

and symptoms. If a patient has a calcitonin level below the lower limit

of detection, he/she has, approximately, a 3% chance of recurrent

disease during follow-up.42 There is a close correlation between age

at the time of thyroid surgery and outcome.7,22 A child with inherited

MEN 2B underwent prophylactic surgery at the age of 0.6 years. No

metastases were detected, but at the last follow-up (2.6 years later),

the patient’s calcitonin level was 42.7 pg/mL. Long-term data demon-

strate improved survival for patients treated in the new millennium

compared to patients treated before the year 2000.43 It is possible

that greater awareness of the phenotype led to earlier diagnosis and

fewer patients with advanced disease.

In our data, among stigmata and associated symptoms, intestinal

ganglioneuromatosis leading to chronic constipation was the most

promising symptom indicative of MEN 2B. When this symptom led to

the early diagnosis ofMEN2B, the extent of the tumorswas rather lim-

ited and biochemical cure was usually achieved. Similar results were

outlined by Brauckhoff et al in 2014.7

This retrospective analysis of the GPOH-MET registry has a few

limitations. The study is not a systematic query of the existence of all

associated features. These analyses represent the clinical symptoms

recognized by the physicians and gathered from medical reports. The

frequencies of all symptoms are probably underestimated. Further-

more, the chronology of symptom appearance is not outlined.

In this analysis of the clinical features of children included in the

nationwidemulticenterGPOH-MET registry over 20 years, oral/dental

symptoms were most frequently detected, followed by musculoskele-

tal and gastrointestinal symptoms. Whether the diagnosis was based

on symptoms ofMTC or stigmata had a significant impact on outcome.

Furthermore, this report is the first to assess growth disturbances and

their association withMEN2B.
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