
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Phenotypic abnormalities in childhood cancer patients; clues for molecular
defects?

Merks, J.H.M.

Publication date
2004

Link to publication

Citation for published version (APA):
Merks, J. H. M. (2004). Phenotypic abnormalities in childhood cancer patients; clues for
molecular defects? [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/phenotypic-abnormalities-in-childhood-cancer-patients-clues-for-molecular-defects(16dc6917-2cc1-4066-8625-9ea595a3613c).html


C h a p t e r r 4 4 
Highh incidence of phenotypic abnormalities in 

childhoodd cancer patients 

Johanness H.M. Merks1, Huib N. Caron1, Koos H. Zwinderman2, and 
Raoull CM. Hennekam3. 

Submittedd for publication 

departmentt of Pediatric Oncology, Emma Children's Hospital, Academic Medical Center, 

Amsterdam,, The Netherlands, department of Clinical Epidemiology and Biostatistics, Academic 

Medicall Center, Amsterdam, The Netherlands. ^Department of Pediatrics and Institute for Human 

Genetics,, Emma Children's Hospital, Academic Medical Center, Amsterdam, The Netherlands. 



Chapterr 4 

Abstrac t t 
Background:: Constitutional gene defects are known to be involved in pediatric 

oncogenesis.. Such molecular defects may be detected by the simultaneous presence 

off specific patterns of phenotypic abnormalities in children with cancer. We studied a 

populationn of childhood cancer patients to identify novel patterns of phenotypic 

abnormalities. . 

Methods:: From January 2000 to March 2003 all consecutive patients visiting the 

Outpatientt Clinic for Late Effects of Childhood Cancer in the Emma Children's Hospital-

Academicc Medical Center, and all newly diagnosed patients with pediatric cancer 

weree studied by a careful non-invasive physical examination directed at 683 well-

definedd phenotypic abnormalities. 

Results:: One thousand seventy three patients entered the study. One or more minor 

anomaliess were present in 55.1 % of patients compared to 14.7% in a major reference 

controll population 1. Reliability of the examination was tested by independent scoring 

off 75 patients by two observers, showing a kappa-score for interobserver variation of 

0.93.. Twenty-eight phenotypic abnormalities occurred significantly more often in one 

specificc tumor category. Multivariate logistic regression analysis revealed twenty-three 

phenotypicc abnormalities that were significantly more often associated with certain 

tumorr groups. Novel patterns of phenotypic abnormalities were made likely to exist 

forr many tumor groups. 

Conclusions:: Childhood cancer patients show a strikingly high incidence of phenotypic 

abnormalities,, which show specific patterns in patients with various tumor types. This 

suggestss that tumor predisposition syndromes, due to yet unrecognized genetic defects, 

exogenouss factors, or combinations of these, are much more frequent than currently 

anticipated. . 
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Introductio n n 
Severall clinical genetic syndromes are associated with an increased risk of tumor development. In 

thesee syndromes the same constitutional molecular defects lead to a specific clinical morphological 

phenotype,, and a predisposition for the development of specific cancers. Several studies have 

shownn that developmental genes, which play a role in body plan formation during embryogenesis, 

aree also involved in the development of cancer24. An example is the Sonic Hedgehog-Patched-Gli 

pathway,, a highly conserved developmental pathway inducing cell proliferation in a tissue-specific 

mannerB.. Constitutional defects of genes within this pathway, such as the CREB-Binding Protein 

(CBP)(CBP) and Patched, are known to lead to specific patterns of phenotypic abnormalities, such as 

thee Rubinstein-Taybi syndrome and the Gorlin syndrome, respectively 6. After birth the mutated 

geness result in abnormal cellular proliferation predisposing the affected individual for specific 

childhoodd cancers, such as rhabdomyosarcoma and medulloblastoma. 

Inn the past, several studies on the prevalence of major malformations in childhood cancer patients 

havee been performed. Such studies were usually medical chart or registry studies as malformations 

willl be reliably registered, and there was no need to examine patients in detail 7. Associations 

betweenn major malformations and childhood cancer were hard to detect because of the low 

prevalencee of such malformations. The only significant relationships found were the increased 

incidencee of leukemia in children with Down syndrome, and the increased prevalence of brain 

tumorss in children with central nervous system anomalies 7. However, the diagnosis of many 

syndromess is not based on accompanying major malformations, but rather on specific patterns of 

minorr anomalies and common variants 8. A study of minor anomalies and common variants cannot 

bee based on data available in medical charts or registries, but requires a thorough clinical 

morphologicall examination of every single patient. Such studies have been reported 915, but were 

hamperedd by two factors16: differences in terminology and classification, inhibiting the assessment 

off the biologic relevance of the recorded abnormalities and comparisons of studies; and relatively 

smalll cohort sizes, decreasing the chance to detect associations between specific phenotypic 

abnormalitiess in each cancer type. 

Heree we report on a cohort of 1,073 childhood cancer patients who underwent a detailed clinical 

morphologicall examination to detect associations of (patterns of) phenotypic abnormalities with 

thee different tumor types. 

Subject ss and method s 
Subjects s 
Inn 1996, the Emma Children's Hospital, Academic Medical Center started an outpatient clinic for 

Latee Effects of Childhood Cancer. This clinic screens the entire cohort of childhood cancer survivors. 

Alll consecutive patients who visited the clinic from January 1, 2000 to March 1, 2003 were invited 

too participate in the study. Written informed consent was obtained from all patients or their 
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parents.. The oncological case histories were retrieved from the original medical records, and 

includedd the nature of the tumor, the therapeutic regimens, and family history. During the same 

timee period all children newly diagnosed with cancer entered the study prospectively. The work-up 

off the two groups was identical. Permission for the study was obtained from the Medical Ethical 

Committeee of our hospital. 

Clinicall Morphological Examination 
Thee primary investigator (JHMM) was a pediatrician, trained in clinical morphology by a pediatrician-

clinicall geneticist (RCMH). All patients had a careful physical examination of the body surface 

directedd to phenotypic abnormalities using detailed definitions (see below). Auscultation of the 

heart,, abdominal palpation, or other examination of internal organs was not performed. Any 

phenotypicc abnormality possibly caused by the tumor or the treatment, such as microcephaly 

afterr cranial irradiation, was not scored. If the examiner remained in doubt whether an anomaly 

wass related to therapy or not, the anomaly was not scored. All patients were scored by the 

primaryy investigator. If he remained in doubt as to the presence of an abnormality, photographs 

weree taken and discussed with the second investigator (RCMH). To evaluate the interobserver 

variation,, seven percent of all patients were scored independently by the second investigator. 

Definitions,, Terminology, and Classification 
Priorr to the study, definitions were set for all phenotypic abnormalities that can be scored by body 

surfacee examination 1719. A hierarchical tree was built using the London Dysmorphology DataBase 18 

ass a model, existing of 29 major anatomical areas, subdivided into 98 different structures and 

containingg 683 phenotypic abnormalities. In order to be able to weigh the importance of the anomalies, 

alll phenotypic anomalies were classified according to their (presumed) pathogenesis19, and subdivided 

(fig.. 1) into: 1. Abnormalitie s and 2. Mino r variants . 

1.. Abnormalitie s are caused by an abnormal development, and can be subdivided into: 

A.A. Malformations: disturbances of embryogenesis (organogenesis; 0-8 weeks of gestation), that 

aree the result of early events, and lead to qualitatively different developmental end products 

withinn the individual20. B. Deformations: are produced by aberrant mechanical forces that distort 

otherwisee normal structures C Disruptions: structural defects caused by interference with the 

developmentt of genetically normal primordia, resulting from destructive events. D. Dysplasias: the 

resultt of abnormal histogenesis or function of a specific tissue type, which can be focal or distributed 

throughoutt the body. 

2.. Mino r variant s are the result of defects in phenogenesis, arising during fetal (>8 weeks of 

gestation)) or early postnatal life, and leading to quantitative differences in developmental fine-

tuningg between individuals. Minor variants are subdivided into two categories based on their 
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prevalencee in the normal population and their ability to predict abnormal development: 

A.. Minor anomalies: by definition having a prevalence in the normal population of < 4%, and 

potentt indicators of abnormal development1. B. Common variants: having a prevalence of >4% in 

thee normal population. 

Malformatio n n 

== defect of embryogenesis 

Abnormalit y y 

Otherr  abnormalit y 

-deformation n 

-disruption n 

-dysplasia a 

Mino rr  anomal y 

prevalencee <4% 

II Mino r varian t 

== defect of phenogenesis 

Commo nn varian t 

prevalencee > 4% 

Figur ee 1. Schemati c depictio n of the terminolog y and classificatio n syste m of phenotypi c abnormalitie s  19. 

Statisticall Analyses 
Dataa were analyzed in two steps. First univariately, prevalences of phenotypic abnormalities were 

analyzed,, comparing their prevalence in one subgroup with their prevalence in all other subgroups 

takenn together. The fol lowing phenotypic abnormalities were selected for analysis using Fisher's 

exactt tests: 1) minor anomalies found in the present study to have a prevalence of >4%, and 2) 

commonn variants found to have a prevalence of >8% in individual tumor groups. The threshold of 

8%% for common variants was arbitrarily chosen. Statistical significance was considered to exist if 

thee two-tailed p-value was <0.05. Multiple testing was addressed by applying the p-value correcting 

methodd of Benjamini and Hochberg 21, which minimizes the false detection rate (FDR). 

Phenotypi c c 
abnormalit y y 
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Secondlyy a multivariate logistic regression analysis was performed. Out of the 683 phenotypic 

abnormalitiess that can be scored, all findings occurring at a frequency of less than 10 (prevalence 

<1%)) were discarded. Such low frequency anomalies introduce noise to data-analyses, and are 

unlikelyy to contribute to clinically important patterns of phenotypic abnormalities. With these 

selectedd anomalies forward stepwise logistic regression analysis was performed (SPSS, version 

11.5)) for the seven larger tumor groups (number of patients per group >50). Again the smaller 

groupss were discarded to reduce the noise in the analyses. 

Result s s 
AA total of 1,073 patients were examined, 897 at the Late Effects Clinic, and 176 newly diagnosed 

cases.. The median age at time of examination was 21 years (range 0 - 52 yr); the sex ratio was 1.13 

(males:: females). Nine hundred and forty one patients were of Caucasian descent, 132 patients of 

non-Caucasiann descent. The distribution over the various tumor groups is shown in figure 3. 

Ass there was no age-matched control population, only overall prevalence data were compared 

wi thh the best available control data, generated by Marden et al 1. To allow this comparison we 

recodedd our data according to the classification system used by Marden 1. Major malformations 

detectablee by surface examination occurred in 3 . 1 % of our cohort of 1,073 childhood cancer 

patients,, compared to 2% in normal newborn infants 1 (data not shown). Minor anomalies were 

strikinglyy more prevalent in our childhood cancer group (fig. 2); 55.1 percent of the childhood 

cancerr population had one or more minor anomalies compared to 14.7 percent in controls, 18.3 

percentt had two or more minor anomalies compared to 1.3 percent in controls, and 4.9 percent 

hadd 3 or more anomalies compared to 0.5 percent in normal controls '. Similar figures are found 

iff patients with established clinical genetic syndromes (see below) were excluded from this analysis. 

Figur ee 2. Prevalenc e of mino r 
anomalie ss foun d in 1,073 childhoo d 
cance rr  patient s compare d to the 
Mardenn cohort 1. 

DD Marden et al (n=4,412) (1964) 

 This study (n=1,073) 

>> 1 > 2 > 3 

Numberr of minor anomalies 

55 30 
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Figur ee 3. Pattern s of mino r 
anomalie ss and commo n 
variant ss fo r specifi c tumo r 
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specificc tumor groups. 
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Thee number of patients per 
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Tabl ee 1. Tumo r grou p - phenotypi c abnormalit y combination s 

Tumorr  Group Phenotypi c Abnormalit y Group Size Frequenc y in tumo r grou p 

Numberr  Percentag e 

Ewingg Sarcoma 
Germm cell tumor 
Rhabdomyosarcoma a 
Acutee Lymphoblastic Leukemia 
Rhabdomyosarcoma a 
Nephroblastoma a 
Rhabdomyosarcoma a 
Ewingg Sarcoma 
Ewingg Sarcoma 
Medulloblastoma a 
Acutee Lymphoblastic Leukemia 
Rhabdomyosarcoma a 
Acutee Myeloid Leukemia 
Nephroblastoma a 
Medulloblastoma a 
Nephroblastoma a 
Nephroblastoma a 
Non-Hodgkinn Lymphoma 
Acutee Myeloid Leukemia 
Nephroblastoma a 
Hodgkinn Lymphoma 
Acutee Myeloid Leukemia 
Germm cell tumor 
Germm cell tumor 
Acutee Lymphoblastic Leukemia 
Non-Hodgkinn Lymphoma 

Multiplee Nevi > 0 5 cm 
Asymmetricc Sacral Crease 
Thinn Upper Lip 
Blepharophimosis s 
Deeplyy Set Eyes 
Asymmetricc Face 
Prominentt Forehead 
Loww Hanging Columella 
Hyperplasticc Supra Orbital Ridges 
Diastema a 
Retro/Micrognathia a 
Asymmetricc Lower Limb 
Diastema a 
Macrocephaly y 
Shortt Philtrum 
Earr tag 
Ptosis s 
High/Narroww Palate 
Abnormall Palmar Creases 
Scoliosis s 
Isolatedd Metatarsal Shortening 
Epicanthall Folds 
Flatt Nasal Bridge 
Multiplee Nevi > 0.5 cm 
Kneee Valgus 
Hypertelorism m 

46 6 
25 5 
87 7 

190 0 
87 7 

122 2 
87 7 
46 6 
46 6 
27 7 

190 0 
87 7 
23 3 

122 2 
27 7 

122 2 
122 2 
124 4 
23 3 

122 2 
87 7 
23 3 
25 5 
25 5 

190 0 
124 4 

14 4 
2 2 

13 3 
24 4 
9 9 

13 3 
6 6 
3 3 
7 7 
5 5 

17 7 
11 1 
5 5 
5 5 
3 3 
3 3 
7 7 
7 7 
5 5 
7 7 
4 4 
5 5 
3 3 
8 8 

10 0 
11 1 

(30.4) ) 
(8.0) ) 

(14.9) ) 
(12.6) ) 
(10.3) ) 
(10.7) ) 
(6.9) ) 
(6.5) ) 

(15.2) ) 
(18.5) ) 
(8.9) ) 

(12.6) ) 
(21.7) ) 
(4.1) ) 

(11) ) 
(2.5) ) 
(5.7) ) 
(5.6) ) 

(21.7) ) 
(5.7) ) 
(4.6) ) 

(21.7) ) 
(12.0) ) 
(32) ) 
(5.3) ) 
(8.9) ) 

Duringg the course of our study 75 patients were examined independently by two observers to 

assesss the interobserver variation. In total 7,350 structures were scored in those 75 patients, 356 

weree tagged positive and 6,940 negative by both observers. The observers disagreed on 54 items: 

observerr A scored 27 items positive, where B did not and observer B scored 27 items positive 

wheree A did not. This resulted in a kappa score of 0.93. The kappa score did not differ significantly 

wi thinn the time period of scoring, for the various body regions or for ethnicity (data not shown). 

InIn 42 patients (3.9% of the entire cohort) we diagnosed an established clinical genetic syndrome. 

Ass the goal of our study was to discover novel tumor predisposition syndromes, further analyses 

weree done in the remaining cohort of 1,031 patients. 

Wee plotted the prevalence of 27 minor anomalies, and 17 common variants occurring frequently 

inn our cohort (i.e. minor anomalies having a frequency of >4%, and common variants having a 

frequencyy >8% in one or more tumor groups) for the 12 larger tumor categories (fig. 3). The most 

prevalentt minor anomalies in one or more tumor groups are 'blepharophimosis' (12.6%), 'epicanthal 

folds'' (21.7%), 'multiple large nevi' (30.4%), 'abnormal palmar creases' (21.7%), 'supernumerary 

nipples'' (10.6%), facial asymmetry (10.7%), 'hypertelorism' (13.6%), 'deeply set eyes' (11.7%), 
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Frequenc yy in rest of cohor t p-valu e p-valu e 
(Fisher' ss  exact test ) (FDR-corrected ) 

Number r 

113 3 
0 0 

51 1 
45 5 
29 9 
38 8 
17 7 
8 8 

51 1 
71 1 
36 6 
55 5 
71 1 

8 8 
20 0 

3 3 
20 0 
20 0 
81 1 
30 0 
12 2 
83 3 
24 4 

119 9 
20 0 
40 0 

Percentage e 

(11.5) ) 

(0) ) 
(5.4) ) 
(5.4) ) 
(3.1) ) 
(4.2) ) 
(1.8) ) 
(0.8) ) 
(5.2) ) 
(7.1) ) 
(4.3) ) 
(5.8) ) 
(7.0) ) 
(0.9) ) 
(2.0) ) 
(0.3) ) 
(2.2) ) 
(2.2) ) 
(8.0) ) 
(3.3) ) 
(1.3) ) 
(8.2) ) 
(2.4) ) 
(11.8) ) 
(2.4) ) 
(4.4) ) 

0.001 1 
0.001 1 
0.001 1 
0.001 1 
0.001 1 
0.008 8 
0.009 9 
0.011 1 
0.012 2 
0.016 6 
0.016 6 
0.022 2 
0.022 2 
0.022 2 
0.024 4 
0.025 5 
0.032 2 
0.035 5 
0.036 6 
0.038 8 
0.039 9 
0.040 0 
0.041 1 
0.043 3 
0.047 7 
0.049 9 

0.0182 2 
0.0182 2 
0.0182 2 
0.0182 2 
0.0182 2 
0.1170 0 
0.1170 0 
0.1213 3 
0.1213 3 
0.1324 4 
0.1324 4 
0.1422 2 
0.1422 2 
0.1422 2 
0.1422 2 
0.1422 2 
0.1622 2 
0.1622 2 
0.1622 2 
0.1622 2 
0.1622 2 
0.1622 2 
0.1622 2 
0.1622 2 
0.1711 1 
0.1715 5 

'asymmetricc lower limb' (12.8%), 'flat nasal bridge' (12%), and 'short philtrum' (11.1%). 

Too detect associations between specific phenotypic abnormalities and individual tumor groups, 

wee used the cohort itself as an internal control. This might lead to an underestimation of associations, 

howeverr an age-matched control population is not yet available. To determine statistically significant 

increasedd incidences of phenotypic abnormalities, those phenotypic abnormalities with a high 

incidencee in at least one tumor group were selected. This resulted in a total of 99 combinations of 

specificc tumor types and scored abnormalities. The incidence of each selected abnormality in a 

specificc tumor group was compared to its incidence in all other tumor groups. Twenty-eight 

combinationss showed significant p-values <p <0.05) (table 1). Correction for multiple testing 21 left 

55 combinations with a significant p-value of <0.05. 

Tumorr specific patterns of phenotypic abnormalities seem to exist (fig. 3). For example, in acute 

lymphoblasticc leukemia patients (n=190) there was a strikingly high prevalence of 'blepharophimosis' 

(12.6%),, 'epicanthal folds' (10.5%), 'multiple targe nevi' (13.7%), 'hypermobility of large joints' 

(9.5%),, 'retro/micrognathia' (8.9%), and 'abnormal palmar creases'(8.9%). For other tumor groups 

differentt phenotypic abnormalities are more prevalent. 

Wee used forward stepwise logistic regression analysis to identify combinations of phenotypic 

129 9 



Chapterr 4 

Tabl ee 2. Significan t Odd s Ratios 3 fo r 7 large r tumo rr  groups' 1 

Phenotypi cc  abnormalit y RMS NBL NEPH OSTE NHL HD ALL 

Macrocephalyy 5.9 
Asymmetricc face 2.9 0.24 
Prominentt forehead 3.8 
Malee pattern baldness 2.6 2.7 0.24 
Highh anterior hairline 3.6 
Hypertelorismm 3.8 0.43 
Deeplyy set eyes 4.6 
Blepharophimosiss 2.5 
Widee nasal bridge 2.5 
Thinn lower lip 16.8 
High/narroww palate 3.3 
Retro/micrognathiaa 2.2 
Straightt back 2.3 
Abnormall palmar creases 1,9 
Fetall finger pads 2.1 0.34 
Asymmetricc lower limb 3.2 0.4 
Isolatedd metatarsal shortening 4.5 
Sandall gap 0.14 1.7 
Hyperlaxityy large joints 2.0 
Hyperlaxityy smal! joints 0.49 
Striaee 4.1 
Multiplee café au lait spots 3.1 2.6 
Multiplee large nevi 0.11 

aa p<0.05, fo l lowing forward logistic regression analysis on 93 selected phenotypic abnormalities (prevalence in 

thee study population >1%) b n>50 patients 

abnormalitiess independently associated with tumor categories (table 2); twenty-three phenotypic 

abnormalitiess showed significant Odds ratios in specific tumor groups. For example, six phenotypic 

abnormalitiess associated significantly with the group of rhabdomyosarcoma patients (RMS; n=87): 

'prominentt forehead' (6.9%), 'hypertelorism' (3.4%), 'deeply set eyes' (10.3%), 'thin upper lip' 

(14.9%),, 'asymmetric lower limb' (12.6%), and 'multiple café-au-lait spots' (8%). To identify the 

fulll spectrum of the clinical morphological phenotype associated with RMS, we subsequently 

analyzedd which phenotypic abnormalities were significantly correlated with the six independent 

abnormalitiess selected by our logistic regression analysis. This revealed five additional abnormalities. 

Thereforee the full RMS spectrum of phenotypic abnormalities is: 'prominent forehead', 

'hypertelorism',, 'deeply set eyes', 'thin upper lip', 'asymmetric lower limb', 'multiple café-au-lait 

spots',, 'tall stature', 'microcephaly', 'concave nose', 'thin lower lip', and 'high/narrow palate'. Of 

thee 87 RMS patients 24.1% had a combination of 2 or more of the phenotypic abnormalities in 

thee RMS spectrum, 5,7% a combination of 3 or more and 2.3% a combination of 4 phenotypic 

abnormalitiess in the RMS spectrum. 

Inn conclusion, we found a strikingly high prevalence of phenotypic abnormalities in childhood 

cancerr patients with tumor specific patterns. Our data suggest that novel tumor predisposition 

syndromess might be much more frequent in childhood cancer patients than is currently estimated. 
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Discussio n n 
Wee have demonstrated a strikingly high prevalence of phenotypic abnormalities in a large cohort of 

childhoodd cancer patients. Furthermore, tumor specific patterns of phenotypic abnormalities are 

likelyy to exist, suggestingg that constitutional genetic defects, environmental factors, or combinations 

off these, might be more frequently involved in pediatric oncogenesis than is currently estimated. 

Ourr results in a large cohort are supported by the findings in several smaller studies describing a 

highh prevalence of minor phenotypic abnormalities in childhood cancer patients 915. Méhes reported 

ann exemplary study on minor anomalies in 106 childhood cancer patients, 81 healthy sibs, and 

1066 controls with infectious diseases 11. Anthropometric indices and prevalence of major 

malformationss did not differ between patients and controls. However, minor anomalies were 

significantlyy more prevalent in childhood cancer patients and their sibs compared to controls: 

69.2%% of patients, 63% of sibs, and 34.6% of controls had at least one minor anomaly. In a 

subsequentt study Méhes focused on 100 acute lymphoblastic leukemia patients 14, confirming the 

significantlyy increased prevalence of minor anomalies in both the patients and their sibs, compared 

too parents and controls. 

Inn our cohort of childhood cancer patients we found a strikingly higher incidence of minor anomalies, 

fourr to fourteen times higher than in a major control population 1 (fig. 2). Minor anomalies are 

potentt indicators of abnormal development. The presence of three or more minor anomalies is 

stronglyy associated with the presence of a major malformation in large series of normal newborn 

infantss 12224. All large-scale studies on the prevalence of phenotypic abnormalities in normal 

controlss are hampered by the same limitation. They have all been performed only in newborn 

infantss 1-2224. As changes in phenotypes occur with age 25*26, these prevalence figures are in fact 

nott fully transposable to studies in older children and adults. However, this may only be true for a 

limitedd number of phenotypic abnormalities, as a large number of phenotypic abnormalities are 

expectedd to be independent from age and development. As there is no appropriate age-matched 

controll population we used the internationally most frequently used study by Marden et al 1 as 

controll for the overall prevalence data. As the difference in the frequency of minor anomalies 

betweenn our childhood cancer cohort and the Marden cohort is marked, the difference is expected 

too hold if there was an age-matched control group. The Méhes study supports this when comparing 

hiss cohort with a small group of age-matched controls 11. To detect specific associations between 

phenotypicc abnormalities and individual tumor groups, we used the cohort itself as an internal 

control,, which might lead to an underestimation of associations. The existence of tumor specific 

patternss of phenotypic abnormalities is another indication that there is indeed a higher prevalence 

off phenotypic abnormalities in childhood cancer patients. 

Inn 42 childhood cancer patients (3.9%) we diagnosed an established clinical genetic syndrome, 

whichh is much higher than the prevalence of syndromes in the normal Dutch population 27. This 

confirmss that already recognized constitutional defects are associated with an increased risk for 
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childhoodd cancer, in the remaining cohort of 1,031 patients we looked for novel associations between 

specificc tumor types and phenotypic abnormalities. Twenty-eight abnormalities occurred significantly 

moree often in one specific tumor category. Multivariate logistic regression analysis revealed twenty-

threee phenotypic abnormalities that were significantly more often associated with certain tumor 

groups.. For many tumors specific patterns of phenotypic abnormalities seem to exist. 

Wee believe that the here described associations between {patterns of) phenotypic abnormalities 

andd specific tumors may be helpful in identifying the underlying genetic and environmental defects. 

First,, new associations between tumors and known syndromes will be investigated, allowing 

evaluationn of known genetic factors responsible for the syndrome, for their possible role in 

oncogenesis,, like was done for PTPN11 in juvenile myelo-monocytic leukemia 28. Secondly, tumor 

specificc patterns of phenotypic abnormalities may show overlap with the phenotype of already 

knownn syndromes, and may point at defects in the same developmental pathway. This is illustrated 

byy the SHH-Patched-Gli pathway, in which two entities (Rubinstein-Taybi syndrome and Saethre-

Chotzenn syndrome) caused by mutations of genes within this pathway (CBP and TWIST, respectively) 

showw an expressed phenotypic resemblance. Thirdly, data mining tools may be helpful to translate 

tumorr specific patterns of phenotypic abnormalities into candidate genes. 

Inn conclusion, the presently described strikingly high incidence of phenotypic abnormalities in a 

largee cohort of childhood cancer patients, often in specific patterns for individual tumor types, 

suggestss that constitutional genetic defects or environmental factors play a more important role 

inn pediatric oncogenesis than is currently estimated. 
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