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Chapterr 3 

Abstrac t t 
Constitutionall molecular defects are known to play a role in oncogenesis, as shown by the increased 

incidencee of embryonic cancers in children with Beckwith-Wiedemann syndrome or of leukemia in 

childrenn with Down syndrome. To establish the incidence and spectrum of clinical genetic syndromes 

concurringg with childhood cancer we performed a clinical morphological examination on a consecutive 

cohortt of patients that had cancer in childhood and were diagnosed between 1966 and 2003 in our 

pediatricc oncology center. In the group of 1,073 patients we diagnosed a known syndromic entity in 

455 patients (4.2%) and suspected a syndrome in another 35 patients (3.3%). The percentage of 7.5% 

off patients with a proven or suspected syndrome is considerably higher compared to the prevalence 

off syndromes in the general population, indicating that constitutional molecular defects indeed are 

moree often involved in pediatric oncogenesis than previously anticipated. We describe new syndrome 

-- tumor associations in several entities: cleidocranial dysostosis (Wilms tumor), Bardet-Biedl syndrome 

(acutee lymphoblastic leukemia), Kabuki syndrome (neuroblastoma), LEOPARD syndrome 

(neuroblastoma),, Poland anomaly (acute lymphoblastic leukemia; Hodgkin disease), and 

blepharophimosiss epicanthus inversus syndrome (Burkitt lymphoma). Fourteen cases with isolated 

hemihyperplasiaa were analyzed for methylation abnormalities of LIT! and HI9, and PTEN mutations. 

Abnormall H19 methylation was found in three, and paternal uniparental disomy of chromosome-part 

111 p15 in two other patients. PTEN mutational analysis in this group gave negative results. This suggests 

thatt isolated hemihyperplasia might be regarded as one end of the spectrum of Beckwith-Wiedemann 

syndromee in some of the cases. Twenty-three of the 45 detected established syndromes were detected 

onlyy during this study, indicating that standard pediatric care can be insufficient to detect clinically 

importantt syndrome diagnoses in childhood cancer patients. We propose that all children diagnosed 

withh a malignancy should be screened by a clinical geneticist or a pediatrician skilled in clinical 

morphologyy for clues pointing to an underlying congenital etiology. 
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Introductio n n 
Constitutionall molecular defects are well known to play a role in oncogenesis 1. In children the increased 

incidencee of embryonic cancers in children with Beckwith-Wiedemann syndrome 2 and isolated 

hemihyperplasiaa 3, or of leukemia in children with Down syndrome 4'B have indicated that these 

molecularr defects can give rise not only to cancer, but also to congenital anomalies. Several studies 

havee aimed to determine the overall prevalence of such congenital anomalies in pediatric cancer 

patients.. These studies were performed using death certificates 6, cancer registry records7-8, interviews 
9J0,, and record linkage studies 11"14. No physical examination was performed; therefore only associations 

withh major anomalies could be detected in these studies. Study designs using major malformations as 

aa clue ignore that in many syndromes the diagnosis is not based on the accompanying major 

malformationss but rather on the specific pattern of minor anomalies, as is even correct for Down 

syndromee 15. There is a limited number of studies that describe the prevalence of minor physical 

anomaliess in childhood cancer patients 16"21. In all the overall prevalence of minor anomalies was 

foundd to be increased. However, the available studies reported on small patient samples which prevented 

reportingg on the overall incidence of known syndromic entities within the study cohorts. 

Heree we report on the incidence of known and suspected syndromes in a cohort of 1,073 patients 

whoo have had cancer as a child and who were subjected to careful physical examination directed at 

clinicall morphology. 

Patient ss and method s 
Inn 1996 the Emma Children's Hospital of the Academic Medical Center in Amsterdam started an 

outpatientt clinic for Late Effects of Childhood Cancer. Within this clinic all persons are under control 

whoo were treated for cancer as a child in the period 1966 - today, and who are in complete 

remissionn for at least five years (n=1,172). All consecutive patients who visited the clinic from 

Januaryy 1, 2000 to March 1, 2003 were invited to participate in the present study. Eight hundred 

andd ninety-seven patients and parents were able to participate and gave permission for the study. 

Patientss entered the study only after written informed consent was obtained from themselves or 

fromm their parents. The oncological clinical histories were retrieved from the original medical records, 

andd included the nature of the tumor, therapeutic regimens, and family history. During the study 

periodd all children newly diagnosed with cancer were invited to participate in the study prospectively 

(n=525).. Many patients were too ill in this initial phase of therapy to allow participation, therefore 

inn total 176 patients entered the study. The work-up of the two groups was identical. Permission for 

thee study was obtained by the local Medical Ethical Committee. 

Thee primary investigator (JHMM) was a pediatrician trained in clinical morphology by a pediatrician-

clinicall geneticist (RCMH). All patients underwent a careful body surface examination directed to 

phenotypicc abnormalities using detailed definitions, as was reported elsewhere 22. Auscultation of 

thee heart or abdominal palpation were not performed. Any phenotypic abnormality that possibly 
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mightt have been caused by the tumor or the treatment, such as microcephaly after cranial irradiation, 

wass not scored. If the examiner remained in doubt whether an anomaly was related to therapy or 

not,, the anomaly was not scored either. All patients were scored by the same primary investigator. 

Iff he remained in doubt as to the presence of an abnormality, photographs were taken and discussed 

withh the second investigator. In addition, the second investigator independently scored 7% of all 

patientss during the course of the study, to allow determination of interobserver variation. 

Patientss who had already been diagnosed having a syndrome were evaluated whether the diagnosis 

wass truly present or not. If the primary investigator suspected a patient to have a syndrome, because 

off a high number of phenotypic abnormalities, specific combinations of anomalies, family history, or 

combinationss of any of these with the primary tumor, the patient was evaluated by the second 

investigator.. Whenever possible a diagnosis was confirmed by molecular investigations. If a patient 

wass highly suspected to have a syndrome, but the diagnosis remained hidden despite extensive 

investigationss the patient was categorized as 'private syndrome'. 

Dataa on general patterns of phenotypic abnormalities that were specific for a tumor type have been 

thee subject of a separate study (Merks et al., submitted). 

Result s s 
AA total of 1,073 patients were examined. Median age at the time of examination was 21 years (range 

00 - 52 yr) and at the time of tumor diagnosis was 6 years (range 0 - 1 8 years). The sex ratio was 1.13 

{maless : females). Nine hundred and forty one patients were of Caucasian descent, 132 others mainly 

off mixed ethnic backgrounds. The distribution over the various tumor groups with their syndrome 

incidencee is shown in Table 1. 

Duringg the course of our study the interobserver variation was determined in 7% of the study group, 

yieldingg a kappa score of 0.93 (Merks et al., submitted). 

Tablee 1. Number of patient s and syndrome s per tumo r group . 

Tumo rr  Group s 

Neuroblastoma a 
Rhabdomyosarcoma a 
Germm cell tumors 
Nephroblastoma a 
Osteosarcoma a 
Ewingg sarcoma 
Medulloblastoma a 
Non-Hodgkinn Lymphoma 
Hodgkinn Disease 
ALL L 
AML L 
Otherr malignancies 
Tota l l 

Numbe rr  of 
patient s s 

69 9 
89 9 
28 8 

136 6 
54 4 
46 6 
27 7 

126 6 
90 0 

195 5 
26 6 

187 7 
1,073 3 

Numbe rr  of 
syndrome s s 

4 4 
8 8 
5 5 

23 3 
4 4 
0 0 
1 1 
7 7 
2 2 
9 9 
3 3 

14 4 
80 0 

% % 

5.8 8 
9.0 0 

17.9 9 
16.9 9 
7.4 4 

0 0 
3.7 7 
5.6 6 
2.2 2 
4.6 6 

11.5 5 
7.5 5 
7.5 5 

(95%% CI) 

(1.6-14.2) ) 
(4.0-16.9) ) 
(6.1-36.9) ) 

(10.6-23.2) ) 
(2.1-17.9) ) 
(0-7.7%) ) 
(0.1-19.0) ) 
(2.3-11.1) ) 
(2.8-7.8) ) 
(2.1-8.6) ) 

(2.5-30.2) ) 
(4.2-12.2) ) 
(6.0-9.2) ) 
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Inn total a syndrome diagnosis was made in 80 patients (7.5% of the total cohort). Forty-five patients 

(4.2%)) in whom an established diagnosis was made are listed in Table 2. Thirty-five additional patients 

(3.3%)) were diagnosed as having a 'private syndrome' (Table 3). Median age at the time of examination 

off syndromic patients was 19.1 years (range 1 - 45 yr), at the time of tumor diagnosis was 5.0 years 

(rangee 0 - 1 7 years), and the sex ratio was 0.88 (males : females). Median age at diagnosis differed 

significantlyy between syndromic and non syndromic patients (p=0.028), being respectively 5 and 7 years; 

alll other differences were not statistically different. In 22 patients the established syndrome diagnosis 

wass already known before the present study, and in 23 the diagnosis was made by this study. 

Syndromess previously not associated with tumor predisposition 
Inn 45 patients an established syndrome diagnosis was made, in ten of the patients a syndrome-

tumorr coincidence was not reported earlier. 

BlepharophimosisBlepharophimosis Ptosis Epicanthus inversus Syndrome (BPES): A boy with an abdominal Burkitt 

lymphomaa had had an eyelid correction. At clinical morphological examination a severe bilateral ptosis, 

scarss of corrected epicanthal folds, sparse hair at the medial one third of the lower eyelid, and a 

markedd generalized hypertonia were found. Family history was unremarkable, parents did not have 

thee same phenotypic abnormalities, and a MRI scan showed no periventricular leukomalacia. We 

suspectedd him to have BPES. A de novo 909-938dup30 mutation in the FOXL2 gene was found in the 

germline,, resulting in a polyalanin expansion 224-234dup10, leading to elongation of the protein. 

CleidocranialCleidocranial dysostosis (CCD): A female patient, part of monozygotic twins, presented with 

nephroblastoma.. Both sisters had the classical clinical phenotype of CCD. RUNX2 mutational analysis 

showedd a mutation in both sisters; nucleotide change C to T in position 673, resulting in a substitution 

R225WW in exon 3, located in the runt-domain of the RUNX2 transcription factor. 

LEOPARDLEOPARD syndrome: A stage IV neuroblastoma had been present in a patient who had a short 

stature,, low-set and posteriorly rotated ears, pectus excavatum, and multiple lentigines. We suspected 

himm of having LEOPARD syndrome, and a PTPN11 mutation was found that had been reported 

earlierr in LEOPARD syndrome; nucleotide change C to T in position 1403 (exon 12) leading to an 

aminoo acid change, methionine instead of threonine 23. 

PolandPoland anomaly: Poland anomaly was diagnosed in two cases, in a boy with Hodgkin disease and a 

girll with osteosarcoma. 

Bardet-BiedlBardet-Biedl syndrome (BBS): A patient with progenitor-B-acute lymphoblastic leukemia was known 

beforee with BBS. 
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Tablee 2. Overvie w of 45 patient s in who m establishe d clinica l geneti c syndrome s wer e diagnosed . 

Patient ** Syndrom e Tumor Inheritanc e 

609 9 
235 5 
887 7 

1071 1 
734 4 
465 5 
706 6 
747 7 
417 7 
668 8 
861 1 
981 1 

1041 1 
980 0 

1074 4 
286 6 
318 8 
324 4 
359 9 
365 5 
383 3 
423 3 
476 6 
505 5 
554 4 
566 6 
627 7 

1068 8 
1020 0 
666 6 
999 9 
203 3 

1038 8 
302 2 

1073 3 
72 2 
17 7 

541 1 
625 5 

360 0 
1014 4 
1069 9 
1061 1 
1072 2 
832 2 

Bardet-Biedll syndrome 
BWS S 
BWS S 
BPES S 
Cleidocraniall dysostosis 
Dell 3pter-p25 
Denys-Drashh syndrome 
Denys-Drashh syndrome 
Downn syndrome 
Downn syndrome 
Downn syndrome 
Downn syndrome 

Downn syndrome 
FAP P 
FAP P 
Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Hemihyperplasia2 2 

Kabukii syndrome 
LEOPARDD syndrome 
Marfann syndrome 
Mosaicc del.chromosome 13 
NFI I 
NFI I 
NFII I 
Noonann syndrome 
Noonann syndrome 
Osteogenesiss Imperfecta and 
Hemihyperplasia a 

Pallister-Hall l 
Polandd anomaly 
Polandd anomaly 
PHTS S 
PHTS S 
Vonn Hippel-Lindau syndrome 

Progenitor-B-ALL L 
Hepatoblastoma a 
Nephroblastoma a 
Burkittt lymphoma 
Nephroblastoma a 
Germm cell tumor 
Nephroblastoma a 
Nephroblastoma a 
Progenitor-B-ALL L 
Acutee Myeloid Leukemia 
Progenitor-B-ALL L 
Acutee Myeloid Leukemia 

Progenitor-B-ALL L 
Hepatoblastoma a 
Hepatoblastoma a 
Nephroblastoma a 
Nephroblastoma a 
Nephroblastoma a 
Nephroblastoma a 
Hodgkinn lymphoma 
Nephroblastoma a 
Rhabdomyosarcoma a 
Nephroblastoma a 
Nephroblastoma a 
Nephroblastoma a 
Rhabdomyosarcoma a 
Nephroblastoma a 
Neuroblastoma a 
Nephroblastoma a 
Neuroblastoma a 
Neuroblastoma a 
Germm cell tumor 
Retinoblastoma a 
Germm cell tumor 
MPN5T T 
Acutee Myeloid Leukemia 
Nephroblastoma a 
Non-Hodgkinn lymphoma 
T-Lymphoblasticc leukemia 

Hamartoblastomaa thalamus 
Hodgkinn lymphoma 
Osteosarcoma a 
Langerhanscelll histiocytosis 
Multiplee hemangiomas 
Hemangioma-Pheochromocytoma a 

AR R 
variable1 1 

variable1 1 

AD D 
AD D 
AR R 
sporadicc cases 
sporadicc cases 
chromosomal l 
chromosomal l 
chromosomal l 
chromosomal l 

chromosomal l 
AD D 
AD D 
unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

unknown3 3 

sporadicc cases 
AD D 
AD D 
chromosomal l 
AD D 
AD D 
AD D 
AD D 
AD D 
AD D 
unknown3 3 

AD D 
sporadic4 4 

sporadic4 4 

AD D 
AD D 
AD D 
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Underlyin g g 
Geneti cc  defec t 

BBS BBS 
11p15 5 
111 p15 
FOXL2 FOXL2 
RUNX2 RUNX2 
Dell 3pter-p25 
WT1 WT1 
WT1 WT1 
Trisomyy 21 
Trisomyy 21 
Trisomyy 21 
Trisomyy 21 
Trisomyy 21 
APC APC 
APC APC 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
heterogeneous s 
unknown n 
PTPN11 PTPN11 
FBN1,FBN1, TGFBR2 
Rb Rb 
NF1 NF1 
Deletionn 17q11.2 
NF2 NF2 
PTPN11 PTPN11 
PTPN11 PTPN11 
COLIA1COLIA1 / C0LIA2 heterogeneous 
PTEN-/LIT-/H19-PTEN-/LIT-/H19-

GLI-3 GLI-3 
unknown n 
unknown n 
PTEN PTEN 
PTEN PTEN 
VHL VHL 

Detectedd in patien t 

pending g 
Yes(UT1) ) 
Yess (H19) 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
PTEN-/LIT1-/H19-PTEN-/LIT1-/H19-
PTEN-/UT1-/H19-PTEN-/UT1-/H19-
PTEN-/UT1-/H19-PTEN-/UT1-/H19-
PTEN-/LIT1-/H19-PTEN-/LIT1-/H19-
Nott investigated 
Yess (HI9) 
Yess (HI9) 
PTEN-/LIT1-/H19-PTEN-/LIT1-/H19-
Yes(H19) Yes(H19) 
Yess (UPD) 
PTEN-/UT1-/H19-PTEN-/UT1-/H19-
PTEN-/LIT1-/H19-PTEN-/LIT1-/H19-
PTEN-/LIT1-/H19-PTEN-/LIT1-/H19-
Yess (UPD) 
Nott yet possible 
Yes s 
pending g 
Yes s 
Pending g 
Yes s 
No o 
No o 
Yes s 
Pending g 

Yes s 
Nott yet possible 
Nott yet possible 
Yes s 
Yes s 
Yes s 

Clinicall morphology in 

Syndrom ee newl y 

childrenn with cancer 

Concurrenc e e 
diagnose dd durin g stud y Syndrome-Tumo r (ref) 

--
+ + 

--
+ + 
+ + 
+ + 

--
+ + 

--
--
--
--
--
+ + 
+ + 

--
+ + 
+ + 

--
+ + 
+ + 
+ + 

--
--
--
--
+ + 
+ + 
+ + 
+ + 
+ + 

--
--
--
--
--
+ + 
+ + 

--
--
+ + 
+ + 

--
--
+ + 
+ + 

--
24 4 

24 4 

--
--
--

25 5 

25 5 

26 6 

26 6 

26 6 

26 6 

26 6 

27 7 

27 7 

28 8 

28 8 

28 8 

28 8 

--
28 8 

29 9 

28 8 

28 8 

28 8 

29 9 

28 8 

30 0 

28 8 

--
--
--

31 1 

32 2 

33 3 

--
--
--

34.35 5 

--
36 6 

--
--
--

37 7 

38 8 
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Tablee 2. Overvie w of 45 patient s in who m establishe d clinica l geneti c syndrome s wer e diagnosed . 
(BWS:: Beckwith-Wiedemann Syndrome, BPES: Blepharophimosis Ptosis Epicanthus inversus Syndrome, FAP: Familial 
Adenomatouss Polyposis coli, NF: Neurofibromatosis, MPNST: Malignant Peripheral Nerve Sheath Tumor, AD: 
Autosomall Dominant, AR: Autosomal Recessive) 
Variable:: cytogenetic/ gene defect/ imprinting disturbance. 
2hemihyperplasia:: these are cases with at least hemihyperplasia, often with accompanying other phenotypic 
abnormalities;; however, patients having known malformation syndromes such as BWS or NF, or a suspected 
syndromee (case #189) were not also included here. 
3unknown:: almost all cases sporadic. 
Sporadic:: usually sporadic; sometimes autosomal dominant. 

DelDel 3pter-p25: A girl previously known with a sacrococcygeal germ cell tumor showed a mild 

retardation,, a full lower lip, pectus excavatum (after thoracotomy for correction of a ventricular 

septumm defect), hemihyperplasia of her right upper and lower limb, and a large cafe-au-lait spot. 

Chromosomall analysis showed a de novo deletion of 3pter-p25. As she had already been operated 

onn her sacrococcygeal germ cell tumor, we remained uncertain about the exact pre-operative anatomy, 

andd consequently the Currarino triad could not be diagnosed or ruled out with certainty. Mutation 

analysiss of the HLXB9-gene (exons 2 and 3 tested) did not show any abnormality. 

Kabukisyndrome:Kabukisyndrome: A one-year-old girl presented with neuroblastoma stage IV. Clinical morphological 

examinationn showed exceptionally long palpebral fissures with eversion of the lateral third of the 

lowerr eyelids, lateral flaring of eyebrows, epicanthal folds, a flat and broad nasal ridge, and fetal 

pads.. Her phenotype was compatible with Kabuki syndrome. 

MarfanMarfan syndrome: A female patient with Marfan syndrome had a germ cell tumor (FBN1 analysis is 

pending). . 

OsteogenesisOsteogenesis imperfecta (01) and hemihyperplasia (HH): 01 and concurrent HH of a leg were 

diagnosedd in a girl with T-cell leukemia. 

Establishedd tumor predisposition syndromes 
Thirty-fivee of the 45 patients (Table 2) were diagnosed with a known tumor predisposition syndrome, 

155 only diagnosed during the present study. 

IsolatedIsolated Hemihyperplasia (IHH): Fourteen patients were diagnosed with IHH, ten of them were 

female.. IHH consisted of complex hemihyperplasia (involvement of half of the body; six unilateral, 

onee crossed) in seven patients, and segmental hemihyperplasia in seven, involving one leg in five, 

andd one arm in two, eight cases having left-sided and five right-sided hemihyperplasia. Patients 

diagnosedd with a malformation syndrome known to be associated with hemihyperplasia, such as 
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Beckwith-Wiedemannn syndrome (BWS) or neurofibromatosis, were not included in this group. Patients 

withh mild hemifacial hyperplasia only were also not included, as such facial asymmetry without 

otherr signs of hemihyperplasia is a common finding (5.4% in the total population of 1,073 pediatric 

cancerr patients [Merks et al., submitted]), and distinction between mild facial asymmetry and 

hemifaciall hyperplasia is not clearly defined. Six of the IHH patients were already known with the 

syndrome,, while eight others were newly diagnosed. IHH was found in ten patients with Wilms 

tumorr (WT), two with rhabdomyosarcoma (RMS), one with neuroblastoma (NBL), and one with 

Hodgkinn disease (HD). IHH might be one end of the spectrum of BWS, and in fact be continuous 

withh BWS. Therefore, all patients were screened for genetic alterations of the 11 p15 region. Abnormal 

H19H19 methylation was found in three cases, and paternal uniparental disomy (UPD) of chromosome-

partt 11 pi 5 in two other patients. Furthermore, localized overgrowth is also occurring as part of 

anotherr tumor predisposition syndrome with a highly variable phenotype, the PTEN hamartoma 

tumorr syndrome (PHTS)37. We screened all patients with IHH for PTEN mutations, no mutation was 

found. . 

Beckwith-WiedemannBeckwith-Wiedemann Syndrome (BWS): Two cases were diagnosed with BWS, of which one was 

nott known before to have the syndrome. Tumors were typical for BWS, one patient having a 

nephroblastoma,, the other a hepatoblastoma (HBL). Molecular analysis showed altered methylation 

off HI 9 in the first case, and altered methylation of LIT1 in the latter. 

DownDown syndrome (DS): DS was present in 5 patients, 3 having a precursor-B lymphoblastic leukemia 

(ALL),, and 2 with acute myeloid leukemia (AML). 

NoonanNoonan syndrome: Two patients were newly diagnosed with Noonan syndrome, one with 

nephroblastoma,, and one with non-Hodgkin lymphoma. The first showed a classical Noonan 

phenotypee with short stature, low-set and dysplastic ears, webbed neck, and pectus carinatum and 

excavatum,, but refused further molecular investigations. In the second patient a pathogenic 14720T 

(PA9M)(PA9M) PTPN11 mutation was found. 

NeurofibromatosisNeurofibromatosis I (NFI): NFI was present in 2 patients. Patient #1073 was earlier reported as 

havingg NF1 and simultaneous overgrowth resembling Weaver syndrome 39. He had a large deletion 

att 17q 11.2, encompassing the entire NFI gene. His mother had also NF1 and the large deletion. At 

thee age of 14 years he developed a malignant peripheral nerve sheath tumor (MPNST) of the 

ischiadicc nerve, for which a radical resection was performed. However, 8 months later he presented 

withh pulmonary metastases and deceased. His mother is still in relatively good health. The second 

patientt with NF1 (#302), was previously reported as having a germ cell tumor and NFI 32; molecular 

analysess are pending. 
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Chapterr 3 Tabl ee 3. Overview of 35 cases with private syndromes. 

Patien tt  # Malignanc y Phenotyp e e 

32 2 

69 9 

NHL L 

NHL L 

788 RMS 

799 Osteosarcoma 

118 8 

136 6 

163 3 

ALL L 

Fibromatosis s 

Nephroblastoma a 

187 7 

189 9 

375 5 

ALL L 

Nephroblastoma a 

RMS S 

Talll stature-Normal arm span-Macrocephaly-Male pattern 
baldness-Retro/micrognathia-Highh palate-Prominent ears-Sandal 
gap-Hypermobility y 

Mentallyy retarded-Short stature-Adipositas-Hypertelorism-
Uncombablehair-Blepharophimosis-Retrognathia-Hypoplastic c 
nails-Simiann crease-Sandal gap-Hyperlaxity 

Hyperlaxityy small and large joints-Congenital hip dysplasia 

Cow'ss lick-Blepharophimosis- Epicanthal folds-Eversion lateral part 
lowerr eyelids-Multiple cafe-au-lait spots-Patchy depigmentation 
lowerr limb (10x6 cm)-Hyperconvex nails 

Shortt stature-Prominent forehead-Blepharophimosis-Small nose-
Smalll ears-High pitched voice-Small hands-Small feet-Partial 
syndactylyy toes 2/3-Short end phalanges hand and feet-Short 
nails-Dryy skin-Mental retardation 

Talll stature-Webbed neck-Clinodactyly-Halluces valgus-
Hypospadia-Cryptorchismm -Hemangioma upper limb 

Psychomotorr retardation-Obesity-Asymmetric and Round face-
Downwardd slanting-Enamel anomalies-Low set and Prominent 
ears-Isolatedd short fourth metacarpal-Ulnar deviation of 2nd and 
3rdd fingers-Valgus knees-Halluces valgus-Short toes-Partial 
syndactylyy toes2/3-Hypoplastic toenails-Nevi-Striae 

Blepharophimosis-Asymmetricc eyes-Short philtrum-Thin upper lip-
Bridgingg crease-Broadened interphalangeal joints 

Obesity-Roundd face-Proptosis-Ptosis-Full lateral eyelids-Broad short 
concavee nose-Full lips-Prominent long philtrum-Teeth 
abnormalities-Hemihypertrophyy left lower limb-Valgus knees-
Hammertoess dig V + clinodactyly-Café au lait spots 

Hypertelorism-Upwardd slant-Prominent nasal bridge-Nasal tip 
deviated-Unfoldedd helix-Supernumerary nipples-Sydney creases-
Hyperlaxityy large joints-Wide fingertips-Large café au lait spot 

473 3 

511 1 

RMS S 

Nephroblastoma a 

Delayedd closure of neurocranial sutures-Broad forehead-High 
anteriorr hairline-Deeply set eyes-Full lateral eyelids-Prominent ears-
Hemangiomaa (sternum)-Sydneycrease-Hyperlaxity joints-Solitary 
café-au-laitt spot 

Upwardd slanting-Prominent nasal bridge-Anteverted nares-Thin 
upperr lip-Cupid's bow-Sydney crease-Patchy and atrophic 
depigmentations s 

516 6 Bilaterall retinoblastoma Synophrys-Bulbouss nose tip-Retrognathia-Malocclusion-Low set 
ears-Helicall pits-Clinodactyly-Broadfeet-Hyperlaxity joints-Localized 
hirsutism m 
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Otherr  remark s 

--

--

--

Epilepsia a 

-Prematurelyy born: 28 wks, 710 
grams s 
-Craniospinall RT 

Normall cervical vertebrae at 
radiograph h 

Psoriasis s 

--

-Recurrentt thromboses 
-Radiographs:: MC4, and MT4 show 
normall length 

--

--

-Severee eczema, asthma 
-Cruriss fracture finally leading to 
amputation n 

, , 

Famil yy  histor y Molecula r studie s 

S:: pancreatic tumor age 14 yrs 
Noo sudden heart death 

P:: M. Kahler Chrom-DNA Pending 

F:: RMS age 13 yrs, cleft lip and palate PAX3 -/P53-

NC C 

MM,M,F,S,FsS:: short stature and 
slightt mental retardation 

M:CHD D 
F,, FeSM: pectus excavatum 

NCC GNAS1 pending 

NC C 

NCC GNA51 pending 
LIT1-/H19-LIT1-/H19-

NCC GPC3-

P:: branchiogenic cyst 
FeF:: sunlingual cyst 
FsS:: anal atresia 

NC C 

FM,, SM: retinoblastoma and Rb pending 
melanoma a 
FM,, PM, FsFM: retinoblastoma 
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Chapterr 3 Tabl ee 3. Overview of 35 cases with private syndromes. 

Patien tt  # 

574 574 

620 620 

638 8 

651 1 

680 680 

789 9 

839 9 

844 4 

847 7 

874 4 

915 5 

921 1 

Malignanc y y 

Nephroblastoma a 

NHL L 

RMS S 

NBL L 

Aplasticc anemia 

Osteosarcoma a 

T-ALL L 

Osteosarcoma a 

Germm cell tumor 

NHL L 

Neuroblastoma a 

NHL L 

Phenotyp e e 

Developmentall delay-Cow's lick-Upward slant-Almond shaped 
eyes-Strabismus-Broadd nose tip-Anteverted nares-Cleft palate-Bifid 
uvula-Asymmetricc thorax-Supernumerary nipple-Fetal pad-Sandal 
gap-Café-au-laitt spot 

Cow'ss lick-Hypertelorism-Broad nose-Full lips-Small prominent ears-
Fetall pads-Simian crease-Clinodactyly-Pre-axial Polydactyly left foot-
Multiplee small nevi 

Slightt developmental delay-Short stature (proportionate)-Cow's 
lick-Biparietall narrowing-High anterior hairline-Blepharophimosis-
Retrognathia-Upwardd slant-Inverted nipples-Sandal gap-Syndactyly 
toess 2/3-Multiple cafe-au-lait spots (10: 1x0.5 cm, 2: 7x5 cm)-
Patchyy skin depigmentations 

Patchyy depigmentation hair-Cow's lick-Hypertelorism-Diastema-

Widee set nipples-Phimosis-Fetal pads-Clmodactyly-Sandal gap 

Developmentall delay-Coarse hair-Wide forehead-Epicanthal folds-
Blepharophimosis-Ptosis-Broadd flat nasal bridge-Bulbous nasal tip-
Narroww nasal septum-Full lips-Microdontia-Diastema-Fetal pads-
Clinodactyly-Sandall gaps-Folliculitis-Multiple small nevi 

Epicanthall folds 

Malee pattern baldness-Narrow face-Hypoplastic malae-Synophrys-
Microstomia-Highh palate-Attached earlobe-Pectus excavatum-
Supernumeraryy nipples-Asymmetric leg length-Sandal gaps-
Multiplee small nevi 

Asymmetricc eye implant-Deeply set eyes-Upward slant 

Macrocephaly-Dolichocephaly-Elongatedd face-Supernumerary 
nipple-Valguss knees-Bifid nail dig II (hand)-Multiple large nevi 

Developmentall delay-Muscular build-Upward slant-Large nose-
Prominentt nasal bridge-Overhanging nasal tip-Cleft palate-Lip pits-
Oligodontia-Largee hands-Large feet 

Pess planus-Halluces valgus-Multiple large nevi 

Highh anterior hair line-Prominent lower jaw-Upward slant-Broad 
nasall bridge-Microstomia-Thin lips-Dental crowding-Oligodontia-
Earr pit-Slightly webbed neck-Decreased lumbar lordosis-
Clinodactyly y 
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Otherr  remark s Famil yy  histor y Molecula rr  studie s 

NC C GPC3GPC3 pending 

NC C GLI3GLI3 pending 

S:: slight developmental delay, short 
stature,, multiple café-au-lait spots 

Normall hearing NC C PAX3-PAX3-
Otherr PAXes pending 

Normall ECG NC C 

Pleiomorff adenoma of P: osteosarcoma 
submandibularr gland (age 18 yrs) 

NC C 

P53-P53-
RbRb pending 

Twoo adenomatous polyps (AP) M:: 3 APs 
MM,FM,FM,FeFM:: coloncancer + APs 
FM,, 3xSM: APs 
FM,FP,FP:: prostate cancer 
PP:: brain tumor 

MSH1-,MSH1-, MSH2-, MSH6-, MYH-

Basall cell carcinoma age 32 yrs 

M:: macrocephaly, dolichocephaly, 
elongatedd face, multiple fibromata 

F1:: demised age 1 yr dehydration 
F2:: prematurely born 27 weeks, 
psychomotorr retardation, spasticity 

P:: 3 basal cell carcinoma (>50yrs) 
M:: breastcancer (mid 40's) 
MM:: ovarial carcinoma 

PTENPTEN pending 

FISHH 22q 11 negative Fragile X negative 
FISHH microdeletion 1q32-41 pending, 
IRF6IRF6 pending 

BRCA1BRCA1 -
BRCA2-BRCA2-

NC C 
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Patien tt  # Malignanc y 

970 0 T-ALL L 

Phenotyp e e 

Psychomotorr retardation-Spastic tetraplegia-Hydrocephaly(VPD)-
Elongatedd face-Ptosis-Deviated nasal tip-Diastema-High palate-
Largee ears-Scoliosis-Pectus carinatum-Long limbs-Large hand and 
feet t 

1008 8 Nephroblastoma a Upwardd slant-Diastema-Clinodactyly-Sandal gaps 

1009 9 

1012 2 

1016 6 

Nephroblastoma a 

Germm cell tumor 

RMS S 

Widowss peak-High anterior hairline-Asymmetric face-Concave 
nose-Antevertedd nares-Smooth philtrum-Eartag-Supernumerary 
nipple-Largee hands-Large feet-Multiple small nevi 

Talll stature-Asymmetric elongated/narrow face-Hypoplastic 
malae-Deeplyy set eyes-Pinched concave nose-Overfolded helix-
Increasedd lumbar lordosis-Asymmetric lower limbs-Multiple small 
nevi i 

Shortt stature (proportionate)-Epicanthal folds-Concave nose-
Supernumeraryy nipples-Fetal pads-Large feet -Pes planus-lsolated 
metatarsall shortening digit 5-Multiple cafe-au-lait spots 

10588 LCH 

10700 Bilateral Nephroblastoma 

Psychomotorr retardation-Prominent ears-Patchy depigmentations 
andd hyperpigmentations penis and back-Increased lumbar 
lordosis-Syndactyly-Asymmetricc lower limbs-Sandal gaps-
Hyperlaxityy joints 

Cow'ss lick-Cryptorchidism-Photosensitivity of skin 

208 8 
914 4 
987 7 

Nephroblastoma a 
RMS S 
Medulloblastoma a 

Alll 3: Multiple basal cell carcinomata 

Tablee 3. Overvie w of 35 cases wit h privat e syndromes . 
(NHL:: Non Hodgkin Lymphoma, RMS: Rhabdomyosarcoma, ALL: Acute Lymphoblastic Leukemia, VPD: Ventricular 
Peritoneall Drain, RT: Radiotherapy, MC4: 4 t h Metacarpal, MT4: 4 t h Metatarsal, ECG: Electrocardiogram, NC: Non 
Contributory,, CHD: Congenital Hip Dysplasia, CNS: Central Nervous System). 
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Otherr  remark s 

Severee intrauterine asphyxia, 
hydropss foetalis 
Craniospinall RT 

Mucinouss cystadenoma ovary (RT) 

Possiblee Simpson Golabi Behmel 

Basall cell carcinomata 
Radiographs:: no signs of Gorlin 
syndrome e 

Famil yy  histor y 

P:: Pectus carinatum 

NC C 

P:: cafe-au-lait spots 
M:: supernumerary nipple 
nose,, large nevus 
S:: ear tag, large nevus 

M:: basal cell carcinoma 

concave e 

Molecula rr  studie s 

GPC3-GPC3-

GPC3GPC3 polymorphism detected, but 
pathogenecityy uncertain 

WT1WT1 pending 
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PTENPTEN hamartoma tumor syndrome (PHT5): PHTS was diagnosed in 2 patients, one having Langerhans 

celll histiocytosis (LCH) of the skull, the other having multiple hemangiomata and an enormous 

arteriovenouss malformation, leading to trachea displacement and imminent respiratory dysfunction 

requiringg surgery. Mutations of the PTEN gene were found in both patients; #1,061: 3 8 8 0 T (R130X), 

#1,072:: IVS6+5 G>T). 

Denys-DrashDenys-Drash syndrome (DOS): DDS was diagnosed in two cases, one female infant who presented 

w i thh bilateral nephroblastoma and progressive renal failure, showing streak ovaries during 

nephrectomy,, and a male toddler presented with a unilateral nephroblastoma and cryptorchidism, 

laterr showing progressive renal failure. Mutations typical for DDS were proven in exon 8 (#706: 

355T>G)) and exon 9 (#747: C1180T, R394W) of the WT1 gene. 

FamilialFamilial Adenomatous Polyposis coli syndrome {PAP): FAP was diagnosed in two unrelated 

hepatoblastomaa cases. Family history was positive for FAP in both patients, and APC mutations 

weree found (#980: codon 622, TAOTAA, Tyr>stop, #1,074: exon 1 5, 2118_2136dup19, Ser713fsx). 

RBI:RBI: A karyotype in a girl with a unilateral retinoblastoma showed a mosaic deletion of chromosome 

13,, involving the Rb gene. Her phenotype showed upward slanted palpebral fissures, full lips, 

hemihyperplasiaa of her left breast and left upper and lower limb, increased lumbar lordosis, hyperlaxity 

off joints, and generalized hirsutism. 

NeurofibromatosisNeurofibromatosis 2: A girl with acute myeloid leukemia developed bilateral acoustic nerve neurinomas 

andd meningiomas as an adolescent, fitting the diagnostic criteria of NF2 40. 

Pallister-HallPallister-Hall syndrome (PHS): A 3-days old infant, presented with intermittent hypoxia. Ultrasound 

off the brain showed a suprasellar cystic hamartoblastoma extending to the brain stem. Physical 

examinationn further showed paraxial Polydactyly, dysplastic toenails, bifid epiglottis, small ears and 

nose,, and a cloaca malformation. Ultrasound of the abdomen showed agenesis of the right kidney. 

Thee diagnosis Pallister-Hall syndrome was made and molecularly confirmed (C2149Tor Q717X). 

VonVon Hippel Lindau (VHL): Case #832 presented with a hemangioma of the liver at the age of two 

years.. Twelve years later he developed a pheochromocytoma. Because of abdominal complaints a CT-

scann was performed at age 26, showing multiple pancreatic cysts, and a process in the right kidney. At 

thatt time it became clear that his sister had recently been operated for a kidney tumor and was known 

withh a brain tumor, and his mother was found to have multiple cysts in her cerebellum and myelum. 

Mutationall analysis confirmed the diagnosis VHL syndrome (Arg120Gly mutation exon 2). 
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Privat ee syndrome s 
Inn 35 patients, the high number of phenotypic abnormalities, specific combinations of anomalies, 

familyy history, or combinations of any of these made a syndromic pathogenesis very likely. However 

wee were not able to prove this. In Table 3 details of each patient are provided. 

Discussio n n 
Inn the present study a known syndromic entity was present in 45 patients (4.2%) who have had 

cancerr as a child. Furthermore a probable syndrome was suspected in another 35 patients (3.3%). 

Thee total number of 80 patients with a proven or suspected syndrome (7.5%) is considerably 

higherr compared to the prevalence of syndromes in the general population, roughly estimated to 

bee about 1% in the Netherlands 41. This confirms that syndromes are more frequently associated 

withh childhood cancer and constitutional molecular defects are more often involved in pediatric 

oncogenesiss than is currently estimated 

Twenty-threee of the 45 syndromes were diagnosed only during the present study. This illustrates 

thatt regular pediatric care fails to diagnose half of the syndromes present in pediatric cancer patients. 

Carefull morphological examination in such patient groups will allow the identification of previously 

unrecognizedd syndromes which might be essential for optimal patient care, and lead to the recognition 

off new syndrome - tumor associations, giving new insights in pediatric oncogenesis. 

Novell syndrome-tumor associations 
Blepharophimosiss ptosis epicanthus inversus syndrome was diagnosed in a boy with an abdominal 

Burkittt lymphoma. Mutations in the forkhead transcription factor gene FOXL2 are known to cause 

BPESS 42, members of the forkhead gene family being involved in different developmental processes 43. 

Thee mutation 909-938dup30, found in the present patient, is a mutational hotspot in FOXL2, responsible 

forr 30% of BPES type II cases 44. Gynecological tumors have been reported in BPES cases 4546 and a 

possiblee relation with FOXL2 expression in ovaries has been suggested. No other case of a pediatric 

tumorr concurring in a BPES case is known to us. Although the tumor could not be analyzed for FOXL2 

status,, and the typical 8; 14 translocation for Burkitt lymphoma was found in tumor cells, a possible 

relationn with the constitutional FOXL2 mutation in this patient can not be excluded. 

RUNX2RUNX2 mutations were found in monozygotic twins with cleidocranial dysostosis (CCD), one of the 

girlss presenting with a Wilms tumor (WT). RUNX2 is one of three Runt-related transcription factors 47. 

RUNX1RUNX1 is an important factor in hematopoiesis and angiogenesis, mutations in humans causing 

familiall thrombocytopenia with a predisposition for the development of acute myelogenous leukemia. 

RUNX2RUNX2 is an essential factor in osteogenesis, regulating many osteoblast genes, chondrocyte 

differentiation,, and differentiation of precursor cells of the clavicular anlage 47. Constitutional 

mutationss are known to cause CCD. Overexpression of RUNX2 in transgenic mice predisposes to 

thee development of T-cell lymphomas 48. RUNX3 is known to be related to stomach cancer, 
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haploinsufficiencyy of RUNX3 is found in tumor cells. The concurrence of WT and CCD has not been 

reportedd before, but a role of RUNX2 in the genesis of nephroblastoma in this patient seems likely. 

Thee monozygotic twin sister sharing the same mutation and phenotype, but not having a childhood 

tumor,, would suggest RUNX2 to be of low penetrance with respect to oncogenesis. 

Twoo patients were newly diagnosed with Noonan syndrome, one Wilms tumor and one Non Hodgkin 

lymphomaa patient. PTPN17 is encoding the non-receptor-type protein tyrosine phosphatase SHP-2 

andd accounts for 33 to 50% of Noonan cases 4 9 5 3 . As juvenile myelo-monocytic leukemia (JMML) 

occurss in Noonan syndrome with increased frequency, a search for PTPN11 mutations has been 

performedd in 62 non-syndromic JMML cases identifying missense mutations in leukemic cells in 21 

casess 54. The mutations in PTPN11 associated with JMML have occurred as somatic changes and 

havee never been reported as constitutional mutations in Noonan syndrome patients, suggesting the 

defectss to be associated with embryonic lethality. Most mutations in PTPN17 associated with Noonan 

syndromee are sufficient to disturb development but are in itself not fully leukemogenic, suggesting 

aa milder gain of function effect54 . Constitutional PTPN17 mutations may predispose Noonan patients 

too develop a diversity of childhood malignancies, needing other, superimposed somatic events, for 

thee actual development of a malignancy. The Noonan-related LEOPARD syndrome was diagnosed 

inn a neuroblastoma patient, and an earlier reported PTPN17 mutation was found 23, again suggesting 

aa role for PTPN17 in childhood oncogenesis. 

Polandd anomaly was diagnosed in a patient wi th Hodgkin disease, and one with an osteosarcoma. 

Isolatedd absence of the pectoralis major is thought to result of an interruption of the early embryonic 

bloodd supply of the subclavian arteries, proximal to the origin of the internal thoracic artery, but 

distall to the vertebral artery, during or around the sixth week of embryonic development55. Although 

aa common etiology of Poland anomaly and these tumors is not obvious, the concurrence of these 

raree entities is intriguing. 

Onee patient with progenitor-B-acute lymphoblastic leukemia was known with Bardet-Biedl syndrome 

(BBS).. BBS is a genetically highly heterogeneous disorder. Six of the (at least) eight causative genes 

havee been cloned and encode proteins of largely unknown function 56. Only recently, it was shown 

thatt the BBS4 gene plays a role in centrosome function, and alterations of this gene lead, among 

others,, to alterations of cell cycle dynamics56. Although BBS genes have been suggested to play a 

rolee in renal malformations and renal cancer57, a relation with leukemia has not been reported, and 

thee possible relation remains uncertain. 

Kabukii syndrome 58 was diagnosed in a girl with neuroblastoma. The concurrence of neuroblastoma 

inn a Kabuki syndrome case has not yet been reported in literature, although cases with Burkitt 

lymphomaa 59, and acute leukemia 60 have been reported. As the molecular defect underlying the syndrome 

hass yet to be found, the relation between Kabuki syndrome and malignancy remains obscure. 

Onee female patient with Marfan syndrome had a germ cell tumor, a concurrence earlier reported in 

twoo males with non-seminomatous testicular cancers 61, and one with testicular seminoma 62. There 
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aree only few studies reporting a concurrence of Marfan and malignancies, the most recent one 

describingg a case with ALL 63. Fibrillin! {FBN1) has been shown to play a key role in transforming 

growthh factor-p (TGF-3) function 64, which is a well known player in oncogenesis 65. Only recently 

inactivatingg mutations in TGFBR2, encoding the transforming growth factor- p type 2 receptor, 

weree found to account for up to 10% of cases of Marfan syndrome 66. 

Wee found a deletion of 3pter-p25 in a girl with a sacrococcygeal germ cell tumor who also had 

hemihyperplasiaa and mild mental retardation 67. Mutations in the HLXB9-gene, responsible for the 

Currarinoo triad 68, were not found. This is the first report of a patient with a constitutional deletion 

off 3pter-p25 and cancer. 

Hemihyperplasiaa (HH) of a leg and osteogenesis imperfecta (Ol) type I were diagnosed in a girl with 

T-celll leukemia. The combination of Ol and HH has earlier been reported in two cases35. No fractures 

inn the hypertrophic leg occurred in the present case. The concurrence of leukemia and Ol was 

previouslyy reported in a single family 34. Collagen type lal (COL1A1) is one of the two genes 

responsiblee for Ol type I, and has been shown to be part of a translocation fusion product with the 

platelet-derivedd growth factor fkhain gene (PDGFp) in dermatofibrosarcoma protuberans and giant-

celll fibroblastoma 69. The possible role in leukemogenesis of the constitutional COLIA1 mutation in 

thee present patient remains unclear. 

Establishedd tumor predisposition syndromes 
Fourteenn patients were diagnosed with Isolated Hemihyperplasia (IHH), known for its higher incidence 

off embryonic tumors (5.9% in comparison with 0.17% in the general population), and requiring 

tumorr surveillance 2'3'70. Female predominance of IHH, as reported by Hoyme 3, was confirmed in 

ourr cohort (11/14 being female). Six of the IHH patients were already known with the syndrome, 

whilee eight others were newly diagnosed, which is in concert with data from the National Wilms 

Tumorr Study, reporting that in only 32% of children with IHH and Nephroblastoma (NEPH) the 

asymmetricc growth was noted more than 1 month prior to diagnosis of the tumor71. In the present 

studyy the change in growth pattern with age may (in part) explain this: in many patients a significant 

periodd of time was present between diagnosis (mean age 5.6 years) and at examination (mean age 

21.77 years). However, as asymmetry may become more pronounced but also less noticeable with 

age,, the role of time elapsing between diagnosis and examination remains unclear. Typical tumors 

weree found in most patients, but in one patient Hodgkin disease was present which has not been 

reportedd before. As IHH might be considered as one end of the spectrum of Beckwith-Wiedemann 

syndromee (BWS), we screened 13 IHH cases for genetic alterations of 11p15 region, and found 

abnormalitiess in five. This suggests that isolated hemihyperplasia might be regarded indeed as one 

endd of the spectrum of Beckwith-Wiedemann syndrome in some of the cases. Furthermore, localized 

overgrowthh is also occurring in the PTEN hamartoma tumor syndrome (PHTS) 37, but no PTEN 

mutationss were found in this group. The etiology of IHH is poorly understood, and many different 
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theoriess regarding the cause have been brought forward 3. The high frequency and high range of 

clinicall variability points to etiologic heterogeneity. 

Downn syndrome (DS) was present in 5 patients with leukemias. This is in accordance with data 

reportedd by Hasle and coworkers 72, who identified 2,814 individuals with DS (all ages) from the 

Danishh Cytogenetic Registry, and linked these data to the Danish Cancer Registry. Sixty cases with 

cancerr were found, 49.8 being expected statistically. Leukemia constituted 97% of the tumor types 

inn children. The cumulative risk for leukemia by the age of 5 years was 2.1%. Furthermore, only 24 

solidd tumors were seen, 47.8 being expected, indicating a decreased chance of developing solid 

tumorss in children with DS. Their results are in line with other studies 7873-76. The distinctive pattern 

off types of childhood malignancies may provide clues in studying leukemogenic genes and (solid) 

tumorr suppressor genes on chromosome 21. The leukemogenic role of chromosome 21 is supported 

byy the observation that leukemic cells of young children with trisomy 21 mosaicism selectively 

involvee trisomic cells 77. 

Beckwith-Wiedemannn syndrome (BWS) was diagnosed in two cases with embryonal tumors typical 

forr BWS, of which 1 was not known before to have the syndrome. BWS has a complex genetic 

background,, the four most frequent genetic or epigenetic alterations in BWS 78 being loss of imprinting 

(LOI)) of LIT1 (40-50%), abnormal methylation of a differentially methylated region (DMR) upstream 

fromm HI 9 (15%), LOI of IGF2 (10-15%), and paternal uniparental disomy (UPD) of 11p15 (10%). 

Alteredd methylation of H19 was shown to be related to cancer79, a later analysis of material from 

922 representative cases out of 279 registered children in the BWS registry78confirming this association, 

andd showing three epigenotype-phenotype associations: cancer was significantly associated with 

alteredd methylation of H19, macrosomia and midline defects were associated with LOI of LIT1, and 

hypoglycemiaa and hemihyperplasia were significantly associated with UPD or altered methylation of 

bothh H19 and LIT!. Our two cases illustrate that not only cases with altered methylation of H19 

shouldd be screened for cancer, as one had an altered methylation of LIT1. If we group these cases 

togetherr with the five IHH cases showing genetic alterations of 1lp15, four had altered H19 

methylation,, one altered LIT! methylation, and two paternal UPD. 

Neurofibromatosiss type I (NF1) was present in 2 patients. In one patient NF1 and MPNST and a 

deletionn of the entire NF1 gene was found. The MPNST in this patient is in accordance with the 2-

13%% risk for this tumor type in NF1 patients33'80. MPNSTs originate from plexiform neurofibromas. 

Thee latter is thought to arise in utero during early development, possibly as a result of early second 

hitt mutations in the NF1 gene 81. NF1 is a tumor suppressor gene encoding neurofibroma, a GAP 

proteinn normally inhibiting the Ras-oncoprotein. For progression to a malignant tumor additional 

mutation(s)) or deletions are needed, like p53 or INK4, the latter inactivating both the pl6INK4a, 

andd p74/\/?F tumor suppressor genes81. Our second patient with NF1 had a germ cell tumor (GCT). 

Wongg reported a second case with concomitant NF1 and GCT 82, although their patient had an 

intracranialintracranial tumor. Given the relatively high incidence (1:2,500-3,000) of NF1 in the population, the 
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concurrencee of NF1 and GCT in 2 cases may be mere coincidence, although an additive role of a 

constitutionall NF1 mutation can still be possible. 

PTENPTEN hamartoma tumor syndrome was diagnosed in two patients. The causative PTEN gene is a 

tumorr suppressor gene encoding a dual specificity phosphatase. Several groups have reported loss 

off heterozygosity (LOH) of PTEN, in different percentages, in tumors and hamartomas of PHTS 

patients:: LOH was found in 130/145 cases with informative tumors 83, in all four tested tumors 

fromm one individual84, in 3/11 PHTS individuals with 20 hamartomas 85
( and in 4/6 skin hamartomas 

fromm one PHTS individual 86. Molecular analysis of the cells from affected tissues was not performed 

inn the present patients. 

Denys-Drashh syndrome (DDS) was diagnosed in 2 Wilms tumor patients, and suspected in a third 

(#1070;; WT1 analysis pending). DDS patients were shown to be heterozygous for WT1 mutations 

involvingg exons 8 and 9 87, changing the DNA binding properties of the protein, their tumors 

showingg LOH of WT1 88. The WT1 gene was shown to encode multiple isoforms of a zinc-finger 

domainn containing protein, regulating the activity of different target genes via DNA binding 89, 

playingg an important role in normal development of the urogenital tract, and acting as a Wilms 

tumorr suppressor gene. More than 90% of DDS patients harbor a constitutional intragenic WT1 

mutation,, while only 5% of sporadic Wilms tumors have intragenic WT1 mutations 90. 

Concurrencee of Familial Adenomatous Polyposis coli syndrome (FAP) and hepatoblastoma was found 

inn our series in two unrelated cases, a concurrence first reported by Li27. Subsequent reports suggested 

thee risk of hepatoblastoma in FAP cases to be 0.42% compared to a population risk for hepatoblastoma 

off 0.001% 91. To evaluate the role of APC mutations in sporadic hepatoblastomas, 13 sporadic 

hepatoblastomass were analyzed for genetic alterations of APC. in one patient a germinal mutation 

wass found and tumor cells showed LOH of APC, suggesting a role for APC in tumorigenesis 92. A 

subsequentt study showed 9/13 (69%) sporadic hepatoblastoma to harbor genetic alterations of the 

APCAPC gene 93. In both of our patients we found a constitutional APC mutation. 

Mosaicc deletion of chromosome 13 involving the Rb gene was present in a girl with unilateral 

retinoblastoma.. Her hemihyperplasia may be explained by her mosaicism, although this combination 

hass not been reported before. 

Thee combination of acute myeloid leukemia and neurofibromatosis 2 (NF2), was found in a young 

woman.. Although no other NF2 cases with leukemia have been reported, a possible attribution of a 

germm line tumor suppressor defect in the formation of leukemia in this patient can not be excluded. 

Familyy history, the presence of hemangioma, pheochromocytoma, multiple pancreatic cysts, and a 

processs in the right kidney in one patient allowed the clinical diagnosis of Von Hippel-Lindau syndrome. 

AA constitutional mutation of the VHL gene, a tumor suppressor gene located on the short arm of 

chromosomee 3 (3p25-26)94, was subsequently proven. LOH of patients with germ line mutations 

leadss to tumor formation via a complex mechanism 38, involving inappropriate hypoxia-inducible 

factorss degradation (leading to angiogenesis), increased vascular endothelial growth factors (leading 
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too a high vascular permeability), overproduction of transforming growth factor a (a potent mitogenic 

factor),, and disruption of the cell cycle with abnormalities in the extracellular matrix. 

Inn conclusion, we report here a strikingly high incidence of syndromes in a large cohort of patients 

whoo had cancer as a child. Several novel syndrome - tumor associations were found, of which in 

somee a causal relation seems likely {for instance cleidocranial dysostosis and Wilms tumor) but in 

otherss less obvious (Poland anomaly and acute lymphoblastic leukemia or Hodgkin disease). Alterations 

off 11 p i 5 were found in 38% of IHH cases, indicating that an important part of IHH cases represent 

onee end of the spectrum of Beckwith-Wiedemann syndrome. Furthermore in many patients the 

associatedd syndrome was not recognized by the pediatrician in charge, indicating that in children 

withh cancer specific attention for possible associated entities is needed, serving four goals: 1. to 

improvee care and cure of childhood cancer patients, as the detection of a tumor predisposition 

syndromee will enter the patient in a standardized screening program, in order to earlier recognize 

subsequentt malignancies, possibly improving their prognosis, 2. to obtain a better knowledge of an 

underlyingg syndrome diagnosis, important for the patient and his/her family, as it leads to better 

understandingg and acceptance, and provides insight into prognosis, 3. to trace family members at 

riskk for the same syndrome diagnosis, and the possibly associated tumor risk, 4. to increase knowledge 

off the incidence of syndromes in children with cancer and to recognize constitutional defects or 

environmentall factors, previously unknown to be involved in pediatric oncogenesis. 
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