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Scopee of the thesi s 

Manyy genetic syndromes have as a component of its manifestations an increased risk of tumor 

development.. In these syndromes the same, constitutional molecular defect causes a specific 

phenotypee and a predisposition for the development of specific cancers. The incidence of tumor 

predispositionn syndromes, either established syndromes or new entities, is at present largely 

unknown.. We hypothesized that this incidence might well be high. To test this hypothesis, we first 

investigatedd the incidence of phenotypic abnormalities in a large cohort of patients who had 

cancerr as a child, in order to 1. describe the incidence of established syndromes in a cohort of 

childrenn with cancer, 2. describe the overall incidence of phenotypic abnormalities, and 3. detect 

(patternss of) phenotypic abnormalities specific for certain tumor types. Secondly, we reviewed 

chestt radiographs of childhood cancer patients and normal pediatric controls for the incidence of 

ribb anomalies, in order to generate normal values for the presence of rib anomalies in healthy 

children,, and to detect rib anomalies that are more frequent in specific tumor types. Thirdly, we 

screenedd a series of neuroblastoma tumor samples for mutations in the PTPN11 gene, as a candidate 

tumorr predisposition gene indicated by our clinical investigations. 
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Introduction n 

1.. Hallmark s of  cance r cell s 
Eachh cancer has traveled a specific route to arrive at its full phenotype. However, this multistep 

processs can be reduced to a specific spectrum of acquired dysregulated cellular properties. Hanahan 

andd Weinberg identified six 'Hallmark characteristics' of the cancer cell phenotype ^ 

1.1. Self-sufficiency in growth signals: Normal cells depend on mitogenic growth signals, before 

theyy can enter a proliferative phase. Growth signals are transmitted to the cell via transmembrane 

receptors,, binding three classes of signaling molecules: diffusible growth factors, extracellular 

matrixx (ECM) components, and cell-to-cell adhesion/interaction molecules. Self-sufficiency in 

growthh signals can be achieved by three mechanisms: a. autocrine stimulation, i.e. cells producing 

theirr own growth factors, b. transmembrane receptor abnormalities, such as overexpression of 

receptorss (making the cell hyperresponsive to normal levels of growth factors), structural 

alterationss of receptors leading to ligand independent signaling, or changes in the type of 

expressedd ECM receptors (integrins), favoring pro-growth signals, and c. alterations of the 

intracellularr signaling circuit, e.g. the SOS-Ras-Raf-MAP kinase pathway playing a central role in 

signalingg downstream of receptor tyrosine kinases (RTKs; binding diffusible growth factors) 

andd integrins (Fig. 1 1). 

2.. Insensitivity to antigrowth signals: Antigrowth signals are essential to block a cell from entering 

fromm the G1 into the S phase, by inducing a quiescent (GO) state or postmitotic differentiation. 

Similarr to growth factor signalling, antigrowth factors (soluble factors and immoblized factors 

embeddedd In the ECM) have their effect via binding to specific transmembrane receptors, inducing 

ann intracellular signalling cascade. The intranuclear retinoblastoma protein (Rb-protein) has a 

centrall role here; in a hypophosphorylated state, Rb-protein binds to, and inactivates the E2F 

transcriptionn factors that control the expression of groups of genes essential for progression 

fromm G1 into S phase, blocking the cell from progression to the S phase 2 (Fig.1). Normal cells 

aree responsive to soluble antigrowth signals such as TGF-p\ that binds to its receptor (TGF-fJR), 

signalingg successively downstream via Smad4, pi 5 (INK4B), the CyclinD-CDK4 complex, eventually 

keepingg the Rb-protein in a hypophosphorylated state (Fig.1), thus blocking cell progression to 

aa proliferative state. Disruption of the several steps of this pathway may result in insufficient 

responsee to antigrowth signals, making the cell insensitive to physiological growth inhibitory 

factors. . 

3.3. Evading apoptosis: Sensors and effectors constitute a complex circuit monitoring the intra- and 

extracellularr environment for (ab)normalities, and determining whether the cell should live, or 

enterr a phase of programmed cell death. Extracellular survival signals (e.g. IGF-1, IGF-2, and IL-

3)) and death signals (e.g. Fas-ligand and TNFa) bind to their corresponding receptors (Fig.1). 

13 3 
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Togetherr with intracellular sensor-signals, many converge on the mitochondria, via different 

(oftenn interacting) pathways such as the PI3-AKT pathway, members of the Bcl-2 family of 

proteins,, and p53. When pro-apoptotic signals predominate, mitochondria release cytochrome 

C,, catalyzing apoptosis. The ultimate effectors of apoptosis are a family of proteases, termed 

caspases,, finally executing the death program (Fig.1). Alterations in the several steps of this 

complexx network, either potentiating the inhibitors of apoptosis {e.g. the upregulation of the 

bcl-2bcl-2 oncogene in lymphoma 3), or restraining the physiological death signals or apoptosis 

effectorss (e.g. the epigenetic silencing of caspase 8 in neuroblastoma 4), withdraw the cell from 

itss physiological 'health security system'. 

4.4. Limitless replicative potential: Each cell seems to have a 'counting device' for cell generations, 

calledd telomeres; the ends of chromosomes are composed of thousands of repeats of a short 6 

basepairr sequence element. Each cell replication leads to loss of 50-100 basepairs of the telomeric 

DNAA of both ends of each chromosome. Multiple replications will lead to progressive shortening 

off the telomere ends, finally disabling the protective function of the telomeres after 60-70 

replicationss {in cultured cells). This then leads to end-to-end chromosomal fusions, finally resulting 

inn the death of the affected cell 5. Telomere maintenance is a capacity virtually all cancers have 

obtained,, either by upregulating expression of the telomerase enzyme (which adds hexanucleotide 

repeatss onto telomeric ends), or by activating ALT, which maintains telomeres through 

recombination-basedd interchromosomal exchanges of sequence information. 

5.5. Sustained angiogenesis: Like normal cells, tumor cells depend on nutrients and oxygen, obliging 

themm to reside within 100 u.m of a capillary. In a physiological state, proliferating cells are 

unablee to induce angiogenesis. Tumor progression requires the neoplastic cells to gain angiogenic 

ability.. Many tumors show increased expression of soluble growth factors like VEGF and FGF, 

bothh binding to their corresponding transmembrane tyrosine kinase receptors on endothelial 

cells.. On the other hand, endogenous angiogenesis inhibitors, such as thrombospondin-1 or p"-

interferon,, may be downregulated. Integrins and adhesion molecules, respectively mediating 

cell-matrixx and cell-cell adhesion, play crucial roles in the regulation of angiogenesis. Proteases 

inn the ECM can control the bioavailibility of angiogenic activators and inhibitors. Disturbances 

att the different levels of the 'angiogenic switch', may result in a sustained pro-angiogenic state. 

6.6. Tissue invasion and metastasis: Cadherins, cell adhesion molecules (CAMs) 6, integrins and 

proteasess (Fig.1) play key roles in the ability of cancer cells to become invasive or metastatic. 

Normall epithelial cells show intercellular E-cadherin bridges with their neighbours, resulting in 

antigrowthh signals via p-catenin. In most epithelial cancers this pathway is disrupted. Changes 

inn the isoform of the cell adhesion molecule N-CAM, from a highly adhesive, to a poorly adhesive 

14 4 
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Figur ee 1 'The emergen t integrate d circui t of the cell' , courtesy of D. Hanahan ', with permission from Elsevier. 
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orr even repulsive isoform, and reductions in overall expression of the N-CAM molecule, will lead 

too reduced cell-cell adhesion, favoring the metastatic capacity of tumor cells. Alterations of 

integrinn expression enable the adaptation of tumor cells to a changing microenvironment, in 

theirr invasive and metastatic journeys. Finally upregulation of protease genes and downregulation 

off protease inhibitor genes, will enable the docking of active proteases on the cancer cell 

surface,, facilitating invasion of cancer cells into nearby structures. 

2.. Acquisition of tumorigenic alterations 
Apparentt f rom the six hallmarks, for a cell to become a cancer cell, multiple (epi)genetic changes 

havee to occur to establish conflict wi th maintenance of genomic integrity. Acquired or constitutive 

malfunctionn of genomic caretaker systems is often required to allow cells to take the multiple 

stepss on the cancer-ladder. 

Hos tt  factor s influencin g th e acquisitio n of tumorigeni c alterations : the several steps in the 

evolutionn of a cancer are influenced by multiple factors from in and outside the cell ( Fig.2; Ponder 

20011 and references therein A 

actorss affecting 
probabilityy that 
pathwayy events 
wit!! occur 

factorss that 
influencee the 
effectss of 
pathwayy events 

Outsidee the cell 
Locall cell interactions: stroma; 

otherr paracrine effects, for 
examplee from inflammatory cells 

Systemicc effects: hormones 
andd growth factors; 

>> immune responses j 

Figur ee 2 'A fram e wor k fo r geneti c 
effect ss  on cancer development' , 
courtesyy of Bruce Ponder7, with 
permissionn from Nature Publishing Group. 
Horizontall arrows represent the successive 
pathwayy events giving the cell the full 
cancerr phenotype. Many are somatic 
events,, but in inherited cancer 
predispositionn syndromes one of the 
eventss is inherited. The diverging arrows 
onn the right represent the variety of 
eventss that can lead to overtly similar 
cancers.. Vertical arrows represent 
pathwayy event influencing factors. 

16 6 



Introduction n 

7.. Factors affecting the probability that tumorigenic alterations will occur: 

Externall influences include environmental exposures, such as cigarette smoke, diet, or UV-light 

exposure,, the response to which may be modified by geneticc variation in intra- and extracellular 

metabolismm 8. For example, less than 20% of smokers develop lung cancer, indicating that 

manyy host factors determine individual susceptibility, such as extent of carcinogen uptake, 

metabolicc activation and detoxification, DNA repair ability, apoptosis and varying effects on 

geness in signal transduction pathways and regulation of the cell cycle 9. 

2.2. Factors that influence the effects of tumorigenic alterations: 

Variationn of intracellular factors will modify the effect of a particular genetic pathway event on 

thee cellular phenotype, or its response to signals from outside. Paracrine interactions with 

neighbouringg cells, systemic effects from circulating hormones or growth factors, and 

immunologicc responses of the host comprise some of the external factors that modulate the 

effectss of pathway events 10-11. Genetic variation of these factors probably accounts for much 

off the low-level predisposition to cancer, as it occurs in the "normal" population 7J2. 

3.. Cancer predispositio n 
Familyy history and clinical phenotype are the cardinal aspects of inherited tumor predisposition 

syndromes.. In his review on cancer genetics Ponder (2001) discerned strong and weak tumor 

predispositionn 7. Paradoxically, the largest category of inherited tumor predisposition, in terms of 

itss contribution to cancer incidence, is the one with the weakest genetic effects; tumor predisposition 

withoutt evident family clustering, apparently caused by low-penetrance tumor predisposition genes. 

Forr example, in breast cancer, the strongly predisposing mutations in BRCA1 and BRCA2, lead to 

individuall risks of around 60% by age 70. However, their combined contribution to overall breast 

cancerr incidence is less then 5%. By contrast, a weak tumor predisposition gene, with a relative 

breastt cancer risk of 2 and a population frequency of 20%, could account for up to 20% of breast 

cancerr incidence 7. 

StrongStrong cancer predisposition: Strong tumor predisposition syndromes result from inheritance of 

eitherr one of the events on the cancer pathway, or a defective DNA repair system. Most syndromes 

showw tissue specifity, although reasons for specific patterns of expression are mostly unclear. 

Anotherr important characteristic is the variability of cancer incidence, and the type of cancers 

occurringg within a given syndrome, but also within a single family. The within-syndrome variation 

cann be accounted for by several factors: different germline genes causing the same syndrome or 

differentt mutations in the same gene causing the same syndrome, genetic modifiers, environmental 

influences,, or chance. 

Thee within-family variation most probably is accounted for by the effects of genetic modifiers 7. 
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WeakWeak cancer predisposition: Weak predisposition may result from weak alleles of the pathway or 

caretakerr genes, and from genetic variations of host factors influencing cancer development as 

depictedd in Figure 2. These genes might be collectively called low-penetrance tumor predisposing 

genes.. As described above, the word 'weak' is misleading: low-penetrance genes are thought to 

accountt for a relatively large part of cancer incidence, and studying them may provide much 

informationn about many different cancers, with important potential public health implications. 

4.. Syndrome s and childhoo d cancer 
Mostt clinical geneticists know children with syndromes and tumors. Likewise, all pediatric oncologists 

havee treated children known to have a syndrome, or in whom a syndrome diagnosis was suspected 

becausee of the tumor. An overview of syndromes with concurring tumors in childhood is presented 

inn table 1 (see page 36). Most tumor syndromes in childhood are listed, together with main 

references,, and a summary of their (presumed) pathogenic pathway. 

Thee role of metabolic defects in cancer development and pediatric syndromes appears of growing 

importance;; a few well known examples are listed in table 1. 

5.. Developmenta l genes and cancer 
Tablee 1 clearly illustrates that diverse (epi)genetic defects often give rise to specific patterns of 

developmentall anomalies, affecting specific body regions. The same (epi)genetic defects result in 

abnormall cellular proliferation, predisposing the affected individual to specific childhood cancers, most 

off which present after birth. The development from zygote, through morula, blastocyst, embryo, and 

fetuss to a newborn infant is a strictly regulated process. Very undifferentiated embryonal tissue is 

guidedd through growth and differentiation by numerous developmental genes. 

Itt is beyond the scope of this introduction to provide a complete summary of the function and role in 

cancerr of all developmental genes. We have chosen as an example an obvious group that plays a role 

inn congenital anomalies and cancer, i.e. segmentation genes with emphasis on the HOX genes 13. 

Homeoticc genes were first discovered in Drosophila. Subsequent studies in Drosophila have identified 

thee different genes that control the early steps in body plan formation and segmentation 14. The 

DrosophilaDrosophila genes determining the body plan are divided in four hierarchic groups: maternal genes 

creatingg a gradient of protein in the early embryonic cell mass, activating gap genes that act in the 

earlyy embryo with the demarcation of a few zones, subsequently inducing the pair-rule genes that 

definee the borders of the body segments, finally activating the homeobox genes. The positional 

informationn represented by the gap and pair-rule gene products leads to the expression of specific 

combinationss of homeobox genes in each segment. At the cellular level, specific combinations of 

severall homeobox genes with their relative expression generate the so called 'HOX code', fixing 

thee segmental identity of the cell. 
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Inn the past two decades all mouse and human homologues of these genes have been identified, 

playingg crucial roles in vertebrate embryonic patterning 15. 

Experimentss in animals have demonstrated the importance of these segmentation genes for 

embryonicc patterning and disease. Mice with induced defects in segmentation genes illustrate the 

resultingg combination of prenatal abnormal development with subsequent malformations and 

postnatall tumor development. An example is the Drosophila gene caudal, a homeobox gene. It 

controlss segmentation of the posterior body during early embryogenesis, and is expressed in the 

gutt in juvenile and adult flies. Flies with mutations in the caudal gene lack complete posterior body 

segmentss 16. The mouse caudal homologue is also expressed in the embryonal abdomen. Later in 

developmentt its expression is restricted to the colon. Knockout mice have severe rib malformations, 

andd develop intestinal adenomatous polyposis, particularly in the proximal colon. These polyps 

mayy contain areas of true metaplasia 17. 

inn all gap, pair-rule and homeobox genes human and mouse homologues were identified with a 

rolee in cancer. The following examples can be given: 1. Human alveolar rhabdomyosarcomas have 

translocationss of PAX genes, homologues of Drosophila gap genes 18. 2. Acute myeloid leukemia 

andd acute lymphoblastic leukemia were found to harbor translocations of the AML-1 gene, a 

homologuee of a Drosophila pair-rule gene 19. 3. Some myeloid leukemias have translocations of 

chromosomee 7 that disrupt the homeobox gene cluster HOX-A9 20. These are examples of a 

steadilyy growing list of developmental genes that appear to be involved in human embryonic 

patterningg and tumohgenesis. 

Ann example: Role of HOX genes in development and cancer 
Thee HOX genes deserve attention, for their role in development and oncogenesis has been studied 

extensively,, and is illustrative of the group of developmental genes in general. An excellent review 

onn HOX genes is provided by Varaksa, Del Campo and McGinnis 15. 

GeneralGeneral introduction to HOX genes. HOX genes are homeobox genes. Homeobox genes are divided 

intoo families on the basis of the level of similarity among their respective homeodomains 21. The 

familiess vary in size from the large family of HOX genes (39 members), to intermediate families 

suchh as the PAX, NKX, and DLX group, to the small families, such as the MSX and Engrailed (EN) 

groups.. All bilateral animals have multiple HOX genes. The proteins encoded by HOX genes share 

aa similar 60-amino acid motif, termed the homeodomain. These proteins are transcription factors, 

exertingg their function through activation and repression of multiple target genes. Position and 

orderr of paralogues genes in Drosophila and vertebrates are arranged in a similar way (Fig.3). The 

reasonn for this highly conserved gene order may be that different genes in the cluster are controlled 

byy the same regulatory regions 15. In contrast to a single HOX cluster in Drosophila, humans and 

otherr vertebrates have four clusters of HOX genes {HOX-A, HOX-B, HOX-C, and HOX-D). Expression 
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off HOX genes is also conserved through different species. Persistent expression of HOX genes in 

discretee zones on the anterior/posterior axis is required to remind cells of their axial position, long 

afterr the initial cues have disappeared 15. Sharp anterior borders and less well-defined posterior 

borderss determine the boundaries of HOX gene expression. The same HOX gene can have a 

slightlyy offset boundary of expression in different tissues. However, within the same tissue, the 

boundariess of expression of different HOX genes are highly preserved (Fig.3). The order of the 

anteriorr boundaries of expression, and the timing of expression of the different HOX genes correlate 

withh their position on the chromosome. 

EffectEffect of HOX mutations on rostro-cauda! body axis. Animal studies have shown that HOX loss-of-

functionn mutants cause the affected body structures to resemble more anterior ones (anterior 

homeoticc transformation). Gain-of-function mutations lead to ectopic expression of more posterior 

HOXX genes. This will overrule the influence of more anterior HOX genes, and impose a more 

posteriorr 'building plan', a phenomenon that is called posterior homeotic transformation. 

EffectEffect of HOX mutations on other structures. Besides playing a role in anterior-posterior axis 

formation,, HOX genes are also involved in the formation of many structures and organs 22. For 

example,, in mammals, the posterior-most members of the HOXA, HOXC, and HOXD clusters 

{HOXA11-13,{HOXA11-13, HOXC9-13, and HOXD9-13) are expressed in developing limb buds, and external 

genitourinaryy structures, mutants showing defects of these structures 23. Another example is the 

DrosophilaDrosophila homeobox gene Tinman, which is involved in formation of the dorsal vessel, the insect 

equivalentt of the heart 24. The mouse homologue Nkx2.5 is also expressed in heart primordia, 

mutantss of both homologues genes resulting in embryonic lethality, due to arrested dorsal vessel/ 

heartt development2425. Human Nkx2.5 mutations cause diverse congenital heart malformations 

includingg septal defects, cardiomyopathy, outflow tract defects, hypoplastic left heart, and associated 

arythmiass 26 30. 

MaintenanceMaintenance of HOX gene expression. As earlier stated, HOX gene expression is initiated by 

sequentiall expression of gap and pair-rule genes, establishing the initial boundaries of HOX 

expression.. However, the segment identity of a cell has to be maintained; in both Drosophila and 

mouse,, HOX gene expression is stabilized by proteins from the Trithorax and Polycomb groups 

(TrxGG and PcG). TrxG proteins are transcriptional activators of HOX genes, where PcG proteins are 

transcriptionn repressors. Besides regulating HOX gene expression, both TrxG and PcG proteins are 

involvedd in various developmental pathways, such as hematopoiesis and cell proliferation 3133. In 

humans,, chromosomal rearrangements of the HRX gene (homologue of Drosophila trithorax), 

alsoo known as MIL or ALL!, often result in leukemias 34, involving deregulation of HOX genes 35. 
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Figur ee 3 'Conservatio n of HOX gene genomi c organizatio n and expressio n patterns' , modified from 
Veraksaa et al. '5, with permission from Elsevier. The upper half of the figure shows Drosophila HOX genes, 
alignedd with their human orthologues, and corresponding expression patterns in the adult fly. The lower half 
depictss the four HOX gene clusters in mammals, and the expression patterns of the orthologous genes in a 
stagee 19 human embryo. The colored fields schematically depict the anterior most domains of expression. 
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SpecifitySpecifity of HOX gene function. In order to generate specific activation or repression complexes 

onn the regulatory targets of HOX target genes, cofactors are indispensable. The Drosophila Exd 

proteinn is such a cofactor 36; embryos lacking Exd funct ion show loss of segmentational 

differentiation,, wi thout changes in the expression of HOX genes. Exd has been shown to form 

stablee complexes on DNA with a variety of HOX proteins 37, and HOX-Exd binding sites have been 

foundd in the regulatory regions of some known HOX targets 15. Exd is homologues to mammalian 

Pbx l ,, originally identified as the chromosome 1 partner of the t(1:19) translocation in pre-B-cell 

acutee lymphoblastic leukemia 38, HOX-Exd and HOX-Pbx1 complexes showing great structural and 

functionall similarity. However, although HOX-Exd and HOX-Pbx1 binding is important, it is apparently 

insufficientt to explain HOX function specifity; other cofactors are involved, such as the homeodoman 

proteinn Homothorax (Hth) 39, that is related to mammalian Meisl and Prepl proteins 40A\ Hth 

wass found to control the nuclear localization of Exd, and participates in the heterotrimeric HOX-

Exd-Hthh complexes on DNA 42-43. However, besides these known cofactors, others are likely to be 

discovered.. Mutations in Pbx1 and Meisl are found in leukemias, illustrating that precise control 

off HOX activity by cofactors is essential for adequate regulation of cell differentiation 44*45. 

6.. Clinica l morphology : concep t and term s 
Clinicall morphology has proven invaluable in studying homogeneous patient groups with a common 

causee and pathogenesis 46. However, the inconsistent and sometimes improper use of terms may 

leadd to misunderstanding of cause and/or pathogenesis of congenital anomalies 47, and hence 

theirr translation into probable cause and pathogenesis of syndromes and diseases. Although the 

exactt cause and pathogenesis of a given anomaly may not be known, a careful analysis of the 

historyy and physical findings of the patient, and knowledge from experimental data, often leads 

too extremely useful concepts about probable pathogenesis and cause 47. Therefore it is important 

too explain here some major concepts and terms in clinical morphology. 

Developmentt of organisms 

Thee terminology of the development of organisms, or ontogeny, has been elegantly set out by 

Opitzz 48. Ontogeny is divided into prenatal development, or morphogenesis, and postnatal 

development,, which is characterized by further growth and maturation 48. Morphogenesis is 

precededd by biastogenesis. Morphogenesis can again be divided into embryonic organogenesis, 

andd fetal phenogenesis 48. Phenogenesis is a continuing process, starting at the beginning of the 

fetall period, and proceeding during postnatal development. 

BiastogenesisBiastogenesis includes the first 4 weeks of development. Using the principles of developmental 

fieldd defects (see below) the primary field is the part of the embryo that participates in the formation 

off the definitive embryo during biastogenesis 49. During biastogenesis all of the primordia for 

organogenesiss are formed. 
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OrganogenesisOrganogenesis extends from the beginning of week five to the end of week eight. It involves all 

thee morphogenetic events of embryogenesis, i.e. formation of structure of organs in a mosaic of 

secondaryy fields 49. It is the time of primary tissue differentiation and the formation of definitive 

organs.. At the end of the process of organogenesis a distinctly human form has been achieved, 

withh differentiation of all organ systems complete 50. Deviations of organogenesis lead to qualitatively 

differentt endproducts within the individual. As thresholds are involved, deviations of organogenesis 

leadd to all-or-none traits 48. 

PhenogenesisPhenogenesis leads to quantitatively differences between individuals. Phenogenesis represents 

thee process of developmental fine-tuning, and by definition is controlled by polygenes. It does not 

involvee threshold decisions, but only shades of differences 48. 

Morphogenesiss before histogenesis 
"Thus,, the study of the development of an organism comprises principally two aspects. The one 

iss the study of morphogenesis; the second is the study of histologic differentiation. We may add 

att once that the morphogenesis in higher organisms occurs primarily in the beginning stages, 

histogenesiss in the end stages of development." (Oscar Hertwig's Lehrbuch der Entwicklungs-

geschichtee des Menschen und der Wirbeltiere (1896)51). This fundamental item in developmental 

biology,, enunciated by Meckel in the early 19th century, is part of the introduction of every continental 

embryologyy text thereafter. As malformations, by definition, arise during morphogenesis, most 

malformedd organs are histologically normal, and cancers usually do not arise in malformed organs. 

Inn 1991 Davidson described three major types of embryogenesis 52. In type 1 embryogenesis, 

characteristicc of most invertebrates, cell lineage plays an important role in spatial organization of 

thee early embryo. In type 2, the vertebrate form of embryogenesis, embryogenesis proceeds by 

mechanismss that are essentially independent of cell lineage, and in which diffusible morphogens 

andd extensively early cell migration are particularly important B2. 

Inn humans many embryonic cancers are characteristic for a specific cell lineage. Therefore they 

mayy well have their origin after morphogenesis. Exceptions to this rule are for example certain 

teratomas,, that may result from defects in blastogenesis, and thus arise during the first four weeks 

off ontogeny. Fetus-in-fetu twins, where a fetus is enclosed within its sib, are defects of blastogenesis. 

Threee cases have been reported of fetus-in-fetu twins with concurrent teratoma 5355, suggesting the 

teratomaa in these three cases to originate during blastogenesis, i.e. before histogenesis. 

Phenotypicc abnormalities 
Phenotypicc abnormalities are subdivided into two categories 56: abnormalities and minor variants 

(Fig.. 4). Abnormalities are further subdivided into malformations, deformations, disruptions and 

dysplasias,, according to their suspected cause and pathogenesis 47. Minor variants are subdivided 
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Malformatio n n 

== defect of embryogenesis 

Abnormalit y y 

II Other abnormalit y 

n n 

-disruption n 

Phenotypi cc  dysplasia 
abnormalit y y 

ii Mino r anomal y 

prevalencee <4% 

Mino rr  varian t 

== defect of phenogenesis 

Commo nn varian t 

prevalencee > 4% 

Figur ee 4. Schemati c depictio n of th e terminolog y and classificatio n syste m of phenotypi c abnormalitie s 
(seee Chapter 2). 

inn two categories, minor anomalies and common variants, based on their implication and prevalence. 

Forr further discussion of terminology and classification of phenotypic abnormalities the reader is 

referredd to chapter 2. 

Thee spectrum of phenotypic abnormalities that can be recognized, has been reviewed by Aase 57. 

Thee actual recognition of (patterns) of phenotypic abnormalities requires extensive knowledge of 

thee total spectrum of phenotypic abnormalities, and training by an experienced clinical morphologist. 

Somee of the anomalies can be measured objectively 58, while in other anomalies the investigator's 

subjectivee judgment is decisive depending on his or her experience in clinical morphology. Therefore, 

whenn the investigator remains in doubt as to the presence of an anomaly, the experience of other 

clinicall morphologists can be called on. 

InIn the judgment of the individual's phenotype, family resemblance should be weighed. However, 

thee fact that a specific phenotypic abnormality runs in a family, does not always mean that it is of 

noo significance. Many entities can serve to illustrate this phenomenon: different relatives all have 

thee same syndrome, but each shows a different part of the phenotypic spectrum of that entity. An 
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examplee is hypochondroplasia and Saethre-Chotzen syndrome, in which some affected relatives 

showw the anomalies plus developmental delay but others 'only' the anomalies. Thus, family 

resemblancee is important, but does not devaluate the presence of a specific anomaly {for further 

discussionn see chapter 9.c). 

Patternss of morphologic defects 
Multiplee phenotypic abnormalities in a patient may be causally or pathogenetically related, or 

concurr on a statistical basis or by chance alone (coincidence). An International Working Group of 

expertss in the field of clinical morphology has recommended different terms, to express the type 

off relationship of the phenotypic abnormalities, each reflecting a different level of our knowledge 

onn the cause and genesis of the pattern: developmental field defect, sequence, syndrome, and 

associationassociation 59. 

DevelopmentalDevelopmental field defect: a polytopic field defect is a pattern of anomalies derived from the 

disturbancee of a single developmental field 59, originating during blastogenesis 49. These anomalies are 

derivativess of a single malformative or disruptive process. An example is the DiGeorge anomaly 60 

Monotopicc field defects mostly are defects of organogenesis, however may also represent a mild 

defectt of blastogenesis 49. 

Sequence:Sequence: a sequence is a pattern of multiple anomalies derived from a known or presumed prior 

anomalyy or mechanical factor 59. An example is the oligohydramnios sequence, in which the 

initiatingg event is a diminished amount of amniotic fluid. Although causally heterogeneous -

oligohydramnioss may result from various factors, such as renal agenesis or amniotic leakage - the 

pathogenesiss is uniform, since all the individual manifestations of the oligohydramnios sequence 

cann be explained by the decrease in amniotic fluid amount. 

Syndrome:Syndrome: a syndrome is a recognizable pattern of multiple anomalies which are known or thought 

too be causally related 59. Syndrome usually implies a single cause, such as an additional chromosome 

211 in Down syndrome. 

Association:Association: an association is a nonrandom occurrence in two or more individuals of multiple 

anomaliess not shown to be a polytopic field defect, sequence or syndrome. It refers to statistically 

associatedd defects of apparent organogenetic origin 61. The practical value of the term lies in the 

factt that the presence of one anomaly will alert the physician to search for other, often more 

occult,, associated defects. 
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7.. Phenotypi c abnormalitie s and childhoo d cancer 
Inn 1966, Miller reviewed all studies performed on 'the relation between cancer and congenital 

defectss in man' 62. The first documentation of the relation between Down syndrome and leukemia 

wass published in 1957, when Krivit and Good63 reported a three times higher incidence of leukemia 

inn children with Down syndrome, based on a United States mail survey. Other known entities at 

thatt time were the excessive occurrence of leukemia in Bloom 64 and in Fanconi syndrome 65, the 

predispositionn to lymphoma in ataxia telangiectasia 66, and the excesses of aniridia, hemihyperplasia, 

genitourinary-tractt anomalies in children with Wilms tumor67. Other relations between syndromes 

andd cancer were suggested by valuable case reports, urging the necessity for systematic studies. 

Sincee 1966, numerous studies have been performed on the prevalence of phenotypic abnormalities 

inn children with cancer. Such studies can be divided in three major groups: 

A.A. Medical chart, registry, and interview based studies. This group comprises the majority of studies 

performed.. The major characteristic of these studies is that the investigators are only able to 

detectt associations with major anomalies (i.e. anomalies which have an adverse effect on either 

thee function or social acceptability of the individual), as only the more severe anomalies will be 

reliablyy registered in databases and medical charts, or noticed by the parents. Investigators do 

nott submit the children to a careful physical examination directed at clinical phenotype, and will 

misss such manifestations. 

B.B. Reports on specific tumor-congenital anomaly combinations. This is a mixture of medical chart 

andd clinical morphology studies, directed at the incidence of specific phenotypic abnormalities 

inn certain tumor groups. 

C.. Reports on detailed clinical morphological studies in children with cancer. In these studies 

childhoodd cancer patients had a detailed clinical morphological examination. Besides major 

anomalies,, minor anomalies and common variants were registered in such studies. Only few 

suchh studies have been reported. 

A1.. Medical chart, registry and interview based studies: childhood cancer in general 
Encouragedd by his review, Miller studied the death certificates of all 29,457 children who died of 

cancerr in the United States during 1960-1966 68. He confirmed the already known associations, 

andd several other associations were suggested by interesting cases. However, his most important 

conclusionn was that documentation of congenital anomalies in death certificates was incomplete. 

Sixteenn years later, Windham and co-workers did the first record linkage study 69: She linked the 

Norwegiann Medical Birth Registry to the Cancer Registry, to investigate the incidence of childhood 

cancerr in twins (n=14,504), in children with malformations diagnosed at birth (n=22,856), and in 

childrenn of low birth weight (n=26,291), and compared these figures with childhood cancer incidence 

inn the total population of Norway born between 1967 and 1979 (n=780,471). Only the malformation 

groupp had a significantly increased rate of total cancer (28.3/100,000 person-years) compared 
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withh the population (14,6/100,000). The excess cancer appeared to be limited to children with 

Downn syndrome or a central nervous system defect, with a higher incidence of leukemia or central 

nervouss system tumors, respectively. In both cases, the higher cancer incidence was significant 

onlyy in children younger than two years of age. 

AA case-control study of 555 newly diagnosed children with cancer and 1,110 matched controls, 

chosenn from general practitioner lists (GP-controls) and hospital admissions (H-controls), was carried 

outt in a region in England 70. Parents of patients were interviewed on topics of possible causal 

significancee and medical records were checked to confirm reports at interview. Children with 

cancerr had more 'malformations' than children in the control group. Altogether 60 case children 

(10.8%)) had 'malformations', compared with 27 in the GP-control group (4.9%; p<0.001). The 

numberr of 'malformations' in both groups was higher than reported in earlier studies on newborn 

infantss (2 - 3.6%) 71~74. This could be explained by the inclusion of true common variants and 

minorr anomalies in their list of 'malformations', and by the empirical fact that some malformations 

aree recognized only after infancy. The only tumor group to show a significant higher incidence of 

malformationss was that of the germ cell tumors (7/41 cases; p<0.05). The excess of malformations 

inn all the patients with 'embryonal tumors' grouped together (Wilms tumors, neuroblastoma, 

retinoblastoma,, hepatoblastoma, and germ cell tumors) was statistically significant (18/120 cases, 

7/1200 GP controls; p<0.05). No excess of 'malformations' was found in sibs of cases compared 

withh GP and hospital control sibs. Case mothers had a slight excess of 'malformations' (22/555) 

comparedd to GP controls (8/555), p<0.05). However, the difference between case and hospital 

controll mothers (14/555) did not reach statistical significance. Fathers of cases (7/555) and controls 

(7/5555 GP controls, 4/555 H controls) did not show any differences in 'malformation' incidence. 

Milii and co-workers reported two record-linkage studies in Georgia 75 and Iowa (USA) 76 . In 

Georgiaa records of the population-based registry of the Georgia Center for Cancer Statistics for 

19755 to 1988 were linked with records of the population-based Metropolitan Atlanta Congenital 

defectss Program for 1968 to 1987. Birth defects were diagnosed in 19,373 of 544,304 live-born 

infants,, and cancer was diagnosed in 400 children younger than age 15 years. Of the 19,373 

childrenn with birth defects 31 developed cancer (standardized incidence ratio [SIR] 2.2, 95% 

confidencee interval [CI] 1.5 - 3.2). Two associations were found: three of 532 children with Down 

syndromee developed leukemia (SIR 50.8, 95% CI 10.5 - 148.5), while four of 746 children with 

pyloricc stenosis developed cancer (SIR 7.5, 95% CI 2.0 - 19.3). A similar study was performed in 

Iowaa (USA), where the State Health Registry was used to link the records of infants and children 

withh cancer for 1983 to 1989 (n=192) with the records of infants with birth defects for 1983 to 

19888 (n=241,473). Cancer was diagnosed in 16 of 10,891 infants with birth defects (SIR 2.0, 95% 

CII 1.2 - 3.3). This study supported the association found in the Atlanta study between Down 

syndromee and leukemia, however, in infants with pyloric stenosis (n=714) no childhood cancer 

wass found, casting doubt on a possible relationship. 
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Inn the UK the records of 20,304 children with cancer (entered into the National Registry of Childhood 

Tumourss [NRCT] during 1971-1986) were examined for the presence of congenital anomalies 77. 

Dataa were compared to those from the British Columbia Health Surveillance Registry (BC-registry). 

Thee BC-registry obtains and updates data on the number and type of all anomalies for children 

bornn in BC, according to the International Classification of Diseases, 9th revision (ICD 9) 78. 

Informationn is derived from >60 sources, including the physician's notice of birth, hospital admission 

andd discharge forms, and death certificates. In order to find new associations of malformations 

andd cancer, cases in the NRCT with an established genetic cause and already recognized tumor 

predispositionn (n=275) were removed. In the remaining children 720 (3.6%) had one or more 

anomalies.. The highest incidence of congenital anomalies was observed in Wilms tumor (8.1%), 

Ewingg sarcoma (5.8%), liver tumors (7.3%), and germ cell tumors (6.4%). Three categories of 

anomaliess were significantly overrepresented in children with cancer: neural tube defects, anomalies 

off the eye and of the genitourinary system. For each tumor group associations with specific 

anomaliess were suggested, e.g. the association of central nervous system (CNS) tumors with CNS 

congenitall anomalies. The overall frequency of anomalies was higher in children with solid tumors 

(4.4%)) than among those with leukemia or lymphoma (2.6%; p<. 0001). The higher incidence of 

congenitall anomalies in solid tumors (relative risk [RR] =1.7), was confirmed by data from the BC-

Registryy (RR=1.8). In both registries, there was no excess of malformations in children with leukemia 

orr lymphoma after children with Down syndrome were excluded. The authors suggested that 

pediatricc solid tumors may result from mutation or inactivation of genes that are expressed early 

inn development, whereas leukemias and lymphomas may be more likely caused by mutations that 

occurr in later stages of tissue development. The overall frequency of abnormalities among British 

childrenn with cancer was not higher than the frequency observed in British Columbia children. 

Givenn the excess of congenital anomalies observed in specific tumor groups this is surprising, 

severall reasons being suggested by the authors. First, differences in data accrual may account for 

aa more complete reporting in the BC-registry; second, several abnormalities (e.g. severe heart 

defects,, or anencephaly) are associated with high rates of infant mortality and are expected to be 

raree in children with cancer later in life; finally, the BC and the UK population might be different. 

Inn 1998, an Australian population-based case-control study was reported, linking the Victorian Cancer 

Registerr (all children with cancer born between 1984 and 1993), the Victorian Perinatal Data Register, 

andd thee Victorian Congenital Malformations/Birth Defects Register79. Of 632 chilhood cancer cases, 

5700 (90.2%) could be linked with 2,280 age matched controls. Fifty-five of 570 cases (9.6%) had a 

congenitall anomaly, compared with 2.5% of control children (odds ratio [OR] of 4.5, 95% CI 3.1-

6.7]).. Most of the childhood cancer types contributed to this increased prevalence of congenital 

anomalies.. Children with chromosomal defects were included, and had the highest risk of cancer 

(ORR = 16.7, 95% CI 6.1 - 45.3), children with Down syndrome having a 27-fold risk, mainly for 

leukemia.. Another tumor specific association was found in children with CNS defects, who were at 
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increasedd risk for CNS tumors. The risk of cancer increased with increasing number of malformations. 

Finallyy in 2000, a Japanese study reported on the incidence of congenital malformations in children 

withh cancer, based on records in the Registry of Childhood Cancer in Hokkaido, the Northern most 

islandd of Japan 80. Of 3,443 cases registered between 1969 and 1996, information on malformations 

wass available in 2,704 (78.5%). A total of 355 cases (10.3%) had congenital anomalies. Relative 

cancerr incidence in specific malformations/syndromes was compared with relative tumor group 

incidencee rates in the UK. Again the association of Down syndrome with leukemia was confirmed. 

Otherr associations were suggested, but numbers were small. From the report it remains unclear 

whichh 'malformations' were registered. The completeness of data before 1980 was uncertain, but 

thesee data comprised the final analyses. 

A2.. Registry and interview based studies: specific tumor categories 
Inn 1970, Berry et al. specifically reviewed all records (n=383) of cases with neuroblastoma, 

nephroblastoma,, hepatoblastoma, and teratoma seen at Great Ormond Street Hospital for Sick 

Childrenn in London 81. The only associations found, were those between defects of development of 

thee hind gut and 'cloacal region' and sacrococcygeal teratomata, which might be results of locally 

proliferatingg tumor, and the known association between hemihyperplasta and nephroblastoma. 

CentralCentral nervous system tumors 

Fromm 1992 to 1994 Jones et al. interviewed 165 families of consecutive children presenting with a 

CNSS tumor in The Children's Hospital in Philadelphia (CHOP) 82. NF1 patients were excluded. 

Questionss concerning congenital defects were open questions. The investigators did not use an 

extensivee list of congenital abnormalities. Fifteen patients had birth defects, ranging from 'frontal 

upsweep'' to Ehlers-Danlos syndrome type III. No consistent pattern of associated disorders emerged. 

Evanss et al. studied the records of 173 consecutive cases entered in the Manchester Children's 

Tumourr Registry (MCTR) between 1954 and 1989 83. MCTR case records are updated every year. 

Congenitall anomalies were found in 6.4%. One patient had NF1, three had nevoid basal cell 

carcinomaa syndrome, one had the Li-Fraumeni syndrome, and a patient with Rubinstein-Taybi 

syndromee with medulloblastoma was reported, at which time the genetic defect was unknown. 

Thee authors stated that the presence of five autosomal dominant syndromes with known tumor 

predispositionn indicated that the genes involved might play a contributory role in the development 

off medulloblastoma, and that studies of medulloblastoma for loss of genetic material at the relevant 

genee loci might shed more light on this matter. 

Baptistee et al. conducted a population-based case-control study with 338 patients with CNS tumors 

diagnosedd from 1968 through 1977 in 53 New York State counties 84 Six hundred and seventy-six 

controlss were selected from the birth certificate files of the New York State Department of Health. 

Informationn on neurofibromatosis and congenital anomalies was collected in patients, their sibs and 
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parentss by telephone interview with the mother of each case and control. Supplemental information 

onn neurofibromatosis (NF) in the patients and their families was retrieved from their hospital records. 

Thiss study confirmed the strong association of NF with risk of CNS tumors: 13 cases and several 

parentss and sibs of cases had NF, while none of controls nor their first-degree relatives were known 

too have the syndrome. Excluding NF cases, no difference between cases and controls in the occurrence 

off congenital anomalies was found. The same was true for their family members. 

EwingEwing sarcoma 

McKeenn et al. reviewed medical records and radiographs of 1 54 Ewing sarcoma patients, aged 3 

too 46 years (mean age 16), seen at the National Cancer Institute between 1965 and 1979 8S. 

Forty-threee cases had a detailed autopsy, and 110 others intravenous pyelography as part of 

stagingg at diagnosis. Fifty-six patients had at least one developmental anomaly, of whom 19 had 

genitourinaryy defects. As no suitable comparison group was found, the authors could not prove 

whatt appeared to be a marked excess of some of the anomalies noted. 

GermGerm cell tumors 

Fraumenii et al. studied 196 hospital charts of children with a teratoma 86, and confirmed the 

substantiallyy increased frequency of vertebral, genitourinary, and anorectal malformations, in 

childrenn with sacrococcygeal teratomas, as was earlier suggested by the London study81. However, 

duplicationn of pelvic organs in 3 out 72 girls with sacrococcygeal teratomas, suggested the anomalies 

too be more than mere results of locally proliferating tumors. At least part of the anomalies of 

pelvicc organs should be regarded as true developmental anomalies. 

Ann apparent rise in germ cell tumor incidence registered by the Manchester Children's Tumour 

Registryy prompted Birch et al. to study the records of 134 germ cell tumor cases included in the 

registryy during 1954-1978, and the obstetric records of their mothers 87. Twenty had malformations: 

88 out of 9 CNS defects were associated with teratoma, 3 out of 4 genitourinary malformations 

weree associated with yolk sac tumors. A common genetic defect was suggested responsible for 

bothh the development of the tumor and the congenital malformations. Fourteen of 89 mothers 

hadd infections during their pregnancies, 10 of these children developed tumors under the age of 

122 months, which was significantly earlier than in the other 75 cases. A possible causal relationship 

wass suggested, such as hyperthermia. 

Hepatoblastoma Hepatoblastoma 

Forty-twoo children with malignant liver tumors were registered by the West Midlands Regional 

Children'ss Tumour Registry from 1957 to 198688; 27 had a hepatoblastoma, three hepatocellular 

carcinoma,, six a rhabdomyosarcoma, three a rhabdoid tumor, and another three a yolk sac tumor. 

Congenitall defects were present in nine (21%) patients. 
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LangerhansLangerhans cell histiocytosis 

AA retrospective chart review of 39 cases with Langerhans cell histiocytosis (LCH) seen at the Johns 

Hopkinss Hospital in Baltimore between 1957 and 1987 was performed by Sheils et al. 89. Anomalies 

weree classified according to the classification used by Marden et al. 71, and compared with 2 sex-

andd race-matched inpatient control groups who had had similar workups, i.e. 59 children with bone 

tumorss (BT) and 32 children suspected of child abuse (CA). The frequency of anomalies was greater 

inn the LCH group (23%), compared to the BT and CA group, respectively 13% and 15%. If only 

majorr anomalies were considered the difference remained, 18% of the LCH group had a major 

anomaly,, compared to 3% and 8% in the BT and CA group, respectively. A more extensive disease 

wass associated with a higher frequency of anomalies. Due to the small number of patients, no 

specificc associations were found. Although the authors stated that the basic workup in all groups 

wass similar in this retrospective study, with different patient groups, at least part of the differences 

foundd might be explained by differences in age distribution, physical examination and imaging studies. 

Leukemia Leukemia 

Mertenss et al. reported on the presence of congenital abnormalities in 2,117 acute lymphoblastic 

leukemiaa (ALL), and 605 acute myeloid leukemia (AML) patients. Their mothers were interviewed 

byy telephone for the presence of congenital abnormalities according to standardized lists coded 

accordingg to ICD-9 90. Cases were compared with regional matched control subjects selected by 

usingg a modified random digit dialing method. There was an increased incidence of multiple birth 

marks,, congenital heart defects, and pancreas-digestive tract defects, which was not explained by 

thee excess of children with Down syndrome. The authors suggested a possible relation with 

undetectedd NF1 in ALL cases, a relation that can only be clarified by the prospective physical 

examinationn of a large cohort of ALL patients. The high incidence of cardiac and digestive tract 

abnormalitiess could at least in part be due to standard radiologic and cardiologie studies in ALL 

cases.. In AML cases, only the increased frequency of birth marks remained significant, after exclusion 

off children with Down syndrome. Again a prospective and careful evaluation of birthmarks is 

suggestedd here. Sibs of both ALL and AML cases showed no excess of congenital abnormalities, 

similarr to the study by Mann et al. 70. 

Parentss of 491 ALL cases diagnosed in the province of Quebec between 1980 and 1993, and an 

equall number of matched controls selected from government family allowance files, were 

interviewedd by telephone for the presence of congenital anomalies in the index cases and their 

familyy up to the second degree, using a list of anomalies from ICD-9 91. Congenital anomalies 

weree reported for 9.9% of cases, and 9.4% of controls. A moderate excess of anomalies was 

reportedd for sibs of cases (12.4%) in comparison with sibs of controls (7.3%). The presence of any 

congenitall anomaly in the maternal or paternal family of the case was associated with a moderately 

increasedd risk for leukemia (OR = 1.57, 95% CI 1.15-2.13). 
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SoftSoft tissue sarcoma 

AA collaborative North American - United Kingdom study on 115 autopsy reports of children with 

rhabdomyosarcomaa (RMS), registered in the Intergroup Rhabdomyosarcoma Studies IRS I and IRS 

III documented 37 children (32%) with congenital anomalies, both internal and external, ranging 

fromm 'minor' (n=31) to 'major' anomalies (n=14) 92. Although comparison with a valid control 

populationn was impossible, the incidence of CNS (9/115) and genitourinary (GU) abnormalities 

(8/115)) seemed increased. The authors suggested that, as rates of GU anomalies in RMS and 

Wilmss tumor (WT) patients were similar, CNS anomalies were more frequent in RMS cases, and 

aniridiaa was not present in this tumor group, a different gene locus on chromosome 11 might be 

causingg RMS compared to WT. 

Hartleyy et at. described the incidence of malformations in 181 children with soft tissue sarcoma 

(STS),, their parents and sibs, ascertained from interviews and medical records (MCTR 1954-91)93. 

Fivee index children (2.8%) and 14 sibs (4%) had serious anomalies, an incidence comparable to 

controll data. No specific malformation pattern could be discerned in patients and their sibs. 

WilmsWilms tumor 

Thee two major cooperative study groups on Wilms tumor studies, the NWTS (North American 

Nationall Wilms Tumor Study) and the SIOP (Internationa! Society of Pediatric Oncology) Wilms 

tumorr study group, both reported on the incidence of congenital abnormalities in a series of 

respectivelyy 2,000 ad 1,040 Wilms tumor patients 94'95. As expected, high rates of aniridia, 

hemihyperplasia,, cryptorchidism, hypospadias, and other genitourinary anomalies were retrieved 

fromm epidemiological questionnaires in both studies. As only expected anomalies were explicitly 

mentionedd on the questionnaire, and other anomalies were asked for by the open question 'other 

congenitall anomalies?', this might have led to underscoring of other anomalies, hindering the 

recognitionn of new syndromes. Mean age at diagnosis of children with bilateral tumors, aniridia, 

andd hypospadias was significantly lower than in patients with unilateral disease, or without these 

anomalies,, supporting the Knudson hypothesis 96. Mean age at diagnosis in hemihyperplasia cases 

wass also younger, but did not differ significantly from mean age at diagnosis in the total group. 

Pastoree et al. suggested a prezygotic mutation in the first group, and a postzygotic mutation in 

casess with hemihyperplasia 95. 

B.. Reports on specific tumor-congenital anomaly combinations 
Manyy short reports, letters to the editor, and comprehensive studies have been published on the 

concurrencee of specific congenital anomalies in different tumor categories. Only a limited number 

off the most important studies will be mentioned here. 

Manyy investigators reported on the higher prevalence of supernumerary nipples in children 

withh genitourinary anomalies 97-101, which was contradicted by others 102103. Five reports 
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subsequentlyy described a higher incidence of supernumerary nipples in adult patients with 

genitourinaryy cancer 104108. 

Werteleckii reviewed the value of the study of palmar flexion creases in leukemia 109; several 

studiess showed a significantly higher incidence of abnormal palmar creases (simian and Sydney) in 

childrenn with leukemia 110113. 

Conccurrencee of congenital cardiovascular malformations (CCM) and neuroblastoma has been 

reportedd in 67 cases; 25 of the tumor diagnoses were only made at autopsy m . George et al. 

weree the first to do a cohort study; they reviewed the echocardiography reports of 158 consecutive 

neuroblastomaa and 192 leukemia patients 115. Fourteen of 70 (20%) cases with neuroblastoma 

andd available echocardiography had CCM, compared with 7 of 192 leukemia cases (3.6%) with 

echocardiography.. After removal of incidentally discovered neuroblastomas (n=6), the difference 

remainedd significant. The association might be related to a common neural crest origin, leading to 

sharingg of regulatory and developmental genes 115. 

Non-syndromicc cleft lip and palate appeared not to be associated with childhood cancer in two 

registryy studies 116-117. 

Sevenn case reports described rhabdomyosarcoma originating in congenital cystic adenomatoid 

malformationn of the lung, suggesting a possible relationship 118. 

C.. Reports on detailed clinical morphological studies in children with cancer 
Thus,, registry and interview studies appeared valid approaches to test hypotheses on suggested 

associationss between malignancies and established syndromes with suspected tumor predisposition. 

Thesee (often) population-based studies confirmed the earlier associations of leukemia with Down, 

Fanconi,, and Bloom syndrome. The association of Wilms tumor with aniridia, genitourinary 

anomalies,, or hemihyperplasia appeared validated in larger series. CNS tumors were more prevalent 

inn patients with NF1, or CNS anomalies. 

However,, most studies were hampered by several common problems. Workup of cases and controls 

oftenn differed, because cancer cases had had extensive investigations for their disease, increasing 

thee number of anomalies noted in records, registries, or known to the parents. Coupled registries 

differedd in their way of data collection and handling, by different professionals or parents, with 

inherentt different training, different lists of anomalies, often lacking clear definitions. None of the 

patientt or control groups had a systematic clinical morphological examination, leading to the non 

systematicc recognition of only major anomalies (i.e. anomalies which have an adverse effect on 

eitherr the function or social acceptability of the individual) or already recognized syndrome diagnoses. 

However,, the diagnosis of many syndromes is not only based on accompanying major anomalies, 

butt rather on specific patterns of minor anomalies and common variants 119. A study of minor 

anomaliess and common variants cannot be based on data available in medical charts or registries, 

butt requires a thorough examination of every single patient. Until now 7 such studies were performed 
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describingg the prevalence of minor physical anomalies in pediatric cancer patients 120126 . 

Méhess reported an exemplary study on minor anomalies in 106 childhood cancer patients, 81 

healthyy sibs, and 106 controls with infectious diseases 122. Anthropometric indices and prevalence 

off major malformations did not differ between patients and controls. However, minor anomalies 

weree significantly 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 leukaemia patients 124.125, confirming 

thee significantly increased prevalence of minor anomalies in both the patients and their sibs, 

comparedd to parents and controls. This shows the advantage of the study of minor anomalies: 

theirr prevalence is much higher than the prevalence of major anomalies and specific patterns of 

anomaliess are more easily detected. Méhes concluded that an increased prevalence of anomalies 

inn sibs of children wi th ALL "cannot be regarded as a sign of predisposition for leukemia. One can 

onlyy speculate on a possible recessive association of mild errors of morphogenesis (MEM's) with 

ALL,, on possible maternal inheritance, or on developmental genes that may be involved in the 

processess of malignancy and disturbed morphogenesis as well" 125. Arguing along this line, familial 

occurringg anomalies should not be excluded from analysis, while studying a specific patient group. 

Familiall anomalies should be regarded as valuable as their non-familial occurring counterparts, as 

theyy might point to patterns induced by aberrant developmental genes, with a low penetrance for 

cancerr in childhood. 

Ann early Japanese study 12  seemed to confirm the findings of the Swiss group 122. From 1966 to 

1968,, 371 cases of childhood malignancy were registered at the Childhood Cancer Registry of the 

Tokyoo Metropolitan Area. A table of major and minor anomalies was sent to the hospitals and 

dataa were provided by each of the pediatricians in charge. A control group of 123 cases without 

malignanciess or congenital malformations was examined for major and minor anomalies in the 

outpat ientt clinic of the University of Tokyo Hospital. The incidence of anomalies in children with a 

malignancyy was 4 1 % , 20% with a major and 32% a minor anomaly. In the control group the 

incidencee of anomalies (major and/or minor grouped together) was 13% (p<0.001). Numbers 

weree too small to allow any correlation between specific childhood tumors and individual or 

patternss of anomalies. Major drawbacks of the study are that patients were not examined personally 

byy the investigators, and it is not clear from the paper whether the patients were examined with 

specificc attention for morphological anomalies. The higher incidence of minor anomalies in the 

Swisss group may be explained by 3 factors: since the list of minor anomalies was not published in 

thee Japanese study they might have checked for fewer traits than the 57 traits used by the Swiss 

group.. In the Japanese study the patients may not have been specifically examined by the pediatrician 

focusedd on congenital anomalies, which also might underscore the existence of minor anomalies. 

And,, finally, the pediatricians may have been less trained compared to the Swiss investigators to 

scoree for minor anomalies. 
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Stojimirovicc reported 'the results of the examination of hereditary factors in children with acute 

lymphoblasticc leukemia'121. However, our limited knowledge of the Serbian language has prevented 

adequatee analysis of this report, which will not be discussed here any further. 

Feketee et al. studied 55 minor anomalies in 51 children with leukemia, and 49 with different solid 

tumorss 123, The prevalence in the patient group (85%) was significantly higher than in a group of 

1000 healthy controls (66%). Two or more anomalies were found in 58% of patients, versus 23% 

inn controls, a significant difference. No significant tumor specific association of a given pattern of 

anomaliess could be demonstrated. 

Inn 2002, a seventh study was reported describing the frequency and type of anomalies in 64 

childrenn with hematological malignancies treated between 1983 and 1997 126. Eighty-six percent 

hadd at least one minor anomaly compared to 67% in 64 age and gender matched controls. 

Unfortunatelyy a different list was used and definitions of what is to be considered a minor anomaly 

weree not given. 

Fromm the above studies one can conclude: 
11 Patients with malignancies appear to have more congenital anomalies than control children, 

suggestingg the existence of prenatal factors causing both anomalies and cancer; 

22 In all studies the numbers were too small to determine any significant correlation between 

tumorr types and (combinations of) individual anomalies; 

33 Different terminologies and classifications, and subsequently different lists of anomalies were 

usedd making comparisons difficult or impossible. 
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Syndrom ee (ref ) 

Aase-Smithh I u1 

Acanthosiss nigricans 128 

Ataxiaa telangiectasia 131 

Bannayan-Riley-Ruvalcabaa 133 

Bazex-Dupré-Christoll 135 

Beckwith-Wiedemann, , 
Wiedemann-Beckwithh 136 

Bloomm '38 *139 

Breastt (and ovarian) cancer '41 

Carneyy type 1 143 

Carneyy type II 

Inheritanc e e 

AD D 

Neoplasiaa related 

AR R 

AD D 

X-linkedd Dominant 

Variable:: cytogenetic/ 
genee defect/ imprinting 
disturbance e 

AR R 

AD D 

AD D 
50%% de novo 

Locu s s 

Unknown n 

Unknown n 

11q22.3 3 

10q23 3 

Xq24-q27 7 

11p15 5 

15q26.1 1 

17q21 1 

13q12.3 3 

17q23-q24 4 

2p16 6 

Gene e 

Unknown n 

Unknown n 

ATM ATM 

PTEN PTEN 

Unknown n 

IGF2,IGF2, LIT1, H19,p57kiP2, 
KVLQT1 KVLQT1 

RECQL3 RECQL3 

BRCA1 BRCA1 

BRCA2 BRCA2 

PRKAR1A PRKAR1A 

Unknown n 
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(Presumed )) pathogeni c 
pathwa yy (ref ) 

Bodyy region s Malignancie ss in 
Childre nn and Adult s 

Natur ee of 
associatio n n 

Unknown n 

EpidermalGFF 129 FibroblastGF 13

Proteinn similar to Phosphoinositol 3' 
kinase;; ATM kinase activates c-Abl 
tyrosinee kinase in the cellular response 
too ionizing radiation 132 

Tumorr suppressor encoding a dual 
specificityy phosphatase: 1. lipid 
phosphatase-- PI3K/Akt 2. protein 
phosphatasee - MAPK 134 

Unknown n 

IGF2IGF2 and LIT1: growth promoters 
(IGF2:: autocrine growth factor; 
mediatorr of growth hormone action, 
stimulatorr of the action of insulin 137) 
H19H19 and p57kip2: tumor suppressor 
KVLQT1:KVLQT1: unknown 

Memberr of RecQ family helicases; 
maintenancee of DNA integrity 140 

Tumorr suppressor genes; involved in 
maintenancee of genomic integrity, at 
leastt in part by cooperating with 
recombinationall repair proteins 142 

Tumorr suppressor gene; 
phosphorylationn of many substrates 
includingg transcription factor CREB ,44 

Unknown n 

Brain,, palate, joints 

Mouth,, skin 

Face,, brain, eyes, 
immunee system, skin 

Craniofacial,, thyroid, 
Gl-tract,, musculo-
skeletal,, skin 

Nose,, skin 

Overgrowth,, tongue, 
ear,, abdomen 

Growth,, immune 
system,, genitalia, skin 

Breast,, ovary 

Breast,, prostate 

Eyes,, heart, breast, 
GU-tract,, endocrine 
system,, skin 

Concurrence e 

Tumorr predisposition 

Tumorr predisposition 

Neuroblastoma a 

Abdominall adenocarcinoma 
(60%% stomach) 

Nonn Hodgkin lymphoma, acute 
lymphoblasticc leukemia, Hodgkin 
disease,, carcinoma 
(Medulloblastoma, , 
adenocarcinomaa of stomach, 
glioma,, carcinoma of skin, 
gallbladder,, liver, larynx, ovary, 
breastt and parotid gland) 

Lipoma,, vascular malformation, 
hamartomas,, intestinal polyposis 
(breastt cancer, follicular thyroid 
cancer,, endometrial carcinoma) 

Basall cell carcinoma 

Wilmss tumor, hepatoblastoma, 
adrenocorticall carcinoma 
(hepatocellularr carcinoma, 
neuroblastoma,, glioblastoma, 
rhabdomyosarcoma,, lymphoma, 
pancreaticoblastoma,, teratoma, 
adrenall adenoma, carcinoid 
tumor,, fibroadenoma, fibrous 
hamartoma,, ganglioneuroma, 
myxoma,, renal cell 
carcinoma.adrenall cortex 
adenoma) ) 

Leukemia,, non Hodgkin 
lymphoma,, adenocarcinoma, 
squamouss cell carcinoma 
(Wilmss tumor, medulloblastoma, 
osteosarcoma) ) 

Breastt cancer, ovarian cancer) Tumor predisposition 

Breastt cancer, prostate cancer) 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Myxomass (heart, skin, breast), 
pituitaryy tumors, adrenal cortical 
restt tumor, thyroid tumors, 
pheochromocytoma,, Leydig cell 
tumor,, large-cell calcifying Sertoli 
celll tumor of testis, 
schwannomas,, myxoid breast 
fibroadenomaa and ductal 
adenoma a 

Tumorr predisposition 
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Syndrom ee (ref ) 

Cartilage-hairr hypoplasia l45 

Cardio-FacioCutaneouss 147 

Costelloo M 8 

Cowdenn 15

Del(9p)) 151 

Del(13q)) 152 

Denys-Drashh ,54 

Diethylstilbestroll embryopathy 
156 6 

Downn 157 

Dubowitzz 15g 

Dyskeratosiss congenita 16

Epidermall nevus/ 
Schimmelpenningg 163 

Inheritanc ee Locus 

ARR 9p21-p12 

Uncertainn Unknown 

Uncertain;; probably AD Unknown; possibly 22q13.1 

ADD 10q23 

Chromosomall 9p22 (predeliction) 

Chromosomall 13q31-13q33 

Sporadicc 11 pi 3 

Teratogen n 

Chromosomall Trisomy 21 

ARR Unknown 

X-linkedd recessive Xq28 

Sporadicc Unknown 

38 8 

Gene e 

RMRP RMRP 

Unknown n 

Unknown n 

PTEN PTEN 

Unknown n 

Unknown n 

WT1 WT1 

--

Chromosomee 21 

Unknown n 

DKC1 DKC1 

Unknown n 



Introduction n 

(Presumed )) pathogeni c 
pathwa yy (ref ) 

Processingg of ribosomal RNA 146 

Unknown n 

Possiblyy disturbed elastin-binding 
proteinn reuse by chondroitin sulfate-
bearingg proteoglycans accumulation ,49 

Tumorr suppressor encoding aa dual 
specificityy phosphatase: 1. lipid 
phosphatasee - PI3K/Akt 2. protein 
phosphatasee - MAPK 134 

Unknown n 

Unknownn (regarding tumor 
predisposition:: Rb tumor suppressor 
genee involved 153) 

Inactivationn of tumor suppressor / 
transcriptionn factor WT1 ,55 

--

Overexpressionn of leukemogenic and 
solidd tumor suppressor genes on 
chromosomee 21 '58 

Unknown n 

Dyskerinn involved in rRNA processing. 
centomere/microtubulee binding ' 6 ' , 
andd deficiency of telomerase function 
162 2 

Unknown n 

Bodyy region s 

Hair,, skeleton. 
immunee system 

Growth,, craniofacial, 
brain,, eyes, chest, 
heart,, skin 

Craniofacial,, brain, 
heart,, musculo-
skeletal,, skin 

Craniofacial,, brain, 
thyroid,, breasts, GU-
tract,, Gl-tract, 
musculoskeletal, , 
muco-cutaneous s 

Craniofacial,, brain, 
neck,, chest, 
abdomen,, limbs 

Craniofacial,, brain, 
neck,, heart, GU-tract, 
anus,, limbs 

GU-tract t 

GU-tract t 

Craniofacial,, brain. 
thyroid,, heart, 
abdomen,, skeleton, 
skin n 

Growth,, craniofacial, 
brain,, skin 

Growth,, brain, eyes, 
ears,, Gl-tract, hemato 
logic,, immune system 
muco-cutaneous s 

Brain,, eye, skeleton. 
skin n 

Malignancie ss in 
Childre nn and Adult s 

Hodgkinn disease, non Hodgkin 
lymphoma,, skin, eye, and liver 
cancer,, leukemia, testicular tumor 

Acutee lymphoblastic leukemia 

Rhabdomyosarcoma,, (ganglio) 
neuroblastoma,, bladder 
carcinoma,, acoustic neurinoma, 
epithelioma a 

angiolipoma,, vascular 
malformations,, fibroma, 
trichilemmoma,, intestinal 
polyposis s 
(breastt cancer, follicular thyroid 
cancer,, cerebellar dysplastic 
gangliocytoma,, endometrial 
carcinoma,, renal cell carcinoma, 
meningioma,, medulloblastoma) 

Acutee lymphoblastic leukemia 

Retinoblastoma,, osteosarcoma. 
synoviall sarcoma 

Wilmss tumor 
(gonadoblastoma) ) 

Vaginall adenocarcinoma 

Acutee myeloid leukemia, acute 
lymphoblasticc leukemia 
(germm cell tumor, lymphoma, 
retinoblastoma) ) 

Acutee lymphoblastic leukemia, 
lymphoma,, neuroblastoma , 
rhabdomyosarcoma,, aplastic 
anemia a 

Carcinomass of oral mucosa, 
nasopharynx,, esophagus, rectum, 
cervix,, and vagina; squamous cell 
carcinoma,, adenocarcinoma of 
pancreas,, Hodgkin disease 

Chondroblastoma,, hemangioma, 
giantt cell granuloma 
(otherr neoplasms may have been 
recordedd in overlapping conditions) 
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Natur ee of 
associatio n n 

Tumorr predisposition 

Concurrence e 

Concurrence e 

Tumorr predisposition 

Concurrence e 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Concurrence e 

Tumorr predisposition 

Concurrence e 
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Syndrom ee (ref ) 

Familiall malignant melanoma 
164 4 

Fanconii 166 

Fetall alcohol 168 

Fetall hydantoin 17

Frasier171 1 

Gardner// Familial 
Adenomatous s 
Polyposiss '73 

Glycogenn storage disease 1 '75 

Gorlinn 177 

Inheritanc e e 

AD D 

AR R 

Teratogen n 

Teratogen n 

Sporadic c 

AD D 

AR R 

AD D 
35-50%% de novo 

Locu s s 

9p21 1 

12q14 4 

16q24.3 3 

--

--

11p13 3 

5q21-q22 2 

17q21 1 

9q31 1 

Gene e 

CDKN2A/p16 CDKN2A/p16 

CDK4 CDK4 

FANCA-FANCG,FANCA-FANCG, FANCL 

--

--

WT1 WT1 

APC APC 

Q6PC Q6PC 

PTCH1 PTCH1 
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(Presumed )) pathogeni c 
pathwa yy (ref ) 

Bodyy region s Malignancie ss in 
Childre nn and Adult s 

Natur ee of 
associatio n n 

Wildtypee p16 arrests normal diploid . Skin 
cellss in late G1 via inactivation of 
CyclinD-CDK44 complexes ,65 

CyclinD-CDK44 complexes 
phosphorylatee the Rb protein, hereby 
releasingg the repression of E2F-
mediatedd transcription, promoting 
progressionn through G1 153 

Fanconii pathway functions primarily as Heart, kidney, limb, 
aa DNA damage response system 157 hematologic, skin 

Growth,, face, brain, 
heart,, GU-tract, skin 

Melanoma a 
(pancreatic(pancreatic cancer) 

Melanoma a 

Tumorr predisposition 

Acutee myeloid leukemia, 
hepatocellularr adenoma and 
carcinoma,, squamous cell 
carcinoma a 
(medulloblastoma,, Wilms tumor, 
neuroblastoma,, osteosarcoma, 
gonadoblastoma) ) 

(Ganglio)neuroblastoma,, Wilms 
tumor,, germ cell tumors, 
hepatoblastoma, , 
rhabdomyosarcoma, , 
medulloblastoma,, acute 
lymphoblasticc leukemia, Hodgkin 
disease,, adrenal carcinoma 169 

Tumorr predisposition 

Concurrence e 

Growth,, craniofacial, Neuroblastoma, Concurrence e 

Inactivationn of tumor suppressor / 
transcriptionn factor WT1 '72 

Tumorr suppressor, mutations leading 
too stabilization of (3-catenin in the 
WNT// fj-catenin pathway, activating 
TCFF transcription factors " 4 

Unknown176 6 

brain,, neck, heart, 
abdomen,, genitalia, 
limbs s 

GU-tract t 

Eyes,, teeth, skeleton, 
Gl-tract,, abdomen, 
skin n 

Growth,, face, liver, 
kidney,, musculo-
skeletal,, skin 

ependymoblastoma, , 
ganglioneuroblastoma,, melanotic 
neuroectodermall tumor of 
infancy,, Hodgkin disease, 
mesenchymoma,, Wilms tumor 

Gonadoblastoma a 

Osteoma,, polyposis, colon cancer, 
desmoidd tumors, glioma, 
medulloblastoma,, papillary 
thyroidd carcinoma, 
hepatoblastoma a 
(rhabdomyosarcoma, , 
osteosarcoma) ) 

Liverr adenomas, hepatocellular 
carcinomas s 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Inactivationn of tumor suppressor / 
SHH-PTCH1-SMO-GLII pathway 178 

Craniofacial,, brain, 
eyes,, heart, Gl-tract, 
ovaries,, skeleton, 
skin n 

Basall cell carcinoma, 
medulloblastoma,, cardiac 
fibroma,, mesenteric cysts, ovarian 
fibromaa and fibrosarcoma, 
rhabdomyomaa and 
rhabdomyosarcoma a 

Tumorr predisposition 
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Syndrom ee (ref ) Inheritanc e e Locu s s Gene e 

Hemihyperplasiaa 17g Sporadic c Unknown n Unknown n 

Hereditaryy leiomyomatosis and AD 
renall cell cancer 18

1q42.1 1 FH FH 

Hereditaryy papillary renal cell AD 
carcinomaa '8 1 

7q31 1 MET MET 

Hereditaryy paraganglioma and AD 
pheochromocytomaa 183 

11q23 3 
1q21 1 
1p36.1-p35 5 

SDHD SDHD 
SDHC SDHC 
SDHB SDHB 

Hereditaryy non-polyposis 
colorectall cancer185 

AD D 2p22-21 1 
2p16 6 
3p21 1 
2q31-33 3 
7p22 2 

HMSH2 HMSH2 
HMSH6 HMSH6 
HMLH1 HMLH1 
HPM51 HPM51 
HPMS2 HPMS2 

Hyperparathyroidism,, jaw 
fibromaa ,87 

AD D 1q25-q31 1 HRPT2 HRPT2 

Incontinentiaa pigmenti'89 X-linked dominant Xq28 NEMO NEMO 

Juvenilee Polyposis Coli ' AD D 18q21.1 1 SMAD4/DPC4 SMAD4/DPC4 

10q22.3 3 BMPR1A BMPR1A 

Leukoplakia,, tylosis, and AD 
esophageall carcinoma 194 

17q25 5 EVPL EVPL 

Li-Fraumenii syndrome AD D 17p13.1 1 TP53 TP53 
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pathwa yy (ref ) 

Unknown n 

Fumaratee hydratase is an enzyme of the 
tricarboxylicc acid cycle; the mechanism 
leadingg to tumor predisposition remains 
unclearr 18

Proto-oncogenee encoding a 
transmembranee receptor kinase 182 

Encodingg subunits of the 
mitochondrilaa complex II; mutations 
possiblyy leading to dysregulation of 
hypoxia-responsivee genes and 
impairmentt of mitochondria-mediated 
apoptosiss 184 

DNA-mismatchh repair186 

Inactivationn of tumor suppressor 
encodingg for parafibromin ,88 

Activationn of transcription factor NF-
kappaBB (central to many immune, 
inflammatoryy and apoptotic pathways)190 

Inactivationn of tumor suppressor and 
centrall mediator of Smad function in 
TGF-pp signalling pathway 192 

Typee I receptor in TGF-P/ BMP 
signallingg 193 

Membrane-associatedd precursor of the 
epidermall cornified envelope, 
consideredd to link desmosomes and 
keratinee filaments to the cornified 
envelopee 195 

Inactivationn of tumor suppressor 
regulatingg several downstream genes: 
p211 and MDM-2 (cell cycle control). 
Gadd455 (repair) and Bax and IGF-BP 
(apoptosis)) 197 

Bodyy region s 

Overgrowth,, face, 
breast,, limbs 

Kidney,, GU-tract, 
skin n 

Kidney y 

Adrenall glands, 
extra-adrenal l 
paraganglionn tissue 

Breast,, Gl-tract, 
GU-tract,, skin 

Jaws,, parathyroid 
glands s 

Eyes,, teeth brain, 
skin n 

Gl-tract t 

Gl-tract,, muco-
cutaneous s 

Ubiquitous s 

Malignancie ss in 
Childre nn and Adult s 

Wilmss tumor, Hepatoblastoma, 
adrenocorticall carcinoma 
(neuroblastoma, , 
pheochromocytoma) ) 

(Leiomyomataa of skin and uterus, 
renall cell carcinoma) 

(Papillaryy renal cell carcinoma) 

(Paraganglioma, , 
pheochromocytoma) ) 

(Colorectall and endometrial 
carcinoma) ) 
(otherr Gl, and GU-tract 
carcinomas,, skin carcinoma, 
breastt cancer and leukemia) 

ParathyroidParathyroid adenoma and 
carcinoma,, multiple ossifying 
fibromas,, Wilms tumor 

Retinoblastoma,, Wilms tumor. 
acutee myeloid leukemia, 
rhabdomyosarcoma a 

Gastrointestinall hamartomatous 
polyps, , 
(Gl-- cancer) 

Leukoplakia, , 
(esophageall cancer) 

Rhabdomyosarcoma,, soft tissue 
sarcoma,, brain cancer, 
osteosarcoma,, adrenocortical 
tumors,, leukemia, lymphoma 
(lungg cancer, Gl-cancer, 
squamouss cell carcinoma, breast 
cancer,, ovary cancer) 
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Natur ee of 
associatio n n 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 
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Syndrom ee (ref ) Inheritanc e e Locu s s Gene e 

Li-Fraumenii syndrome 
(continued) (continued) 

22q12.1 1 hCHK2 hCHK2 

Maffucci i Sporadic c Unknown n Unknown n 

McCune-Albright2 2 Somaticc mosaicism 
Usuallyy sporadic 

20q13.2 2 GNAS1 GNAS1 

Mulibreyy nanism 203 AR 17q22-q23 3 TRIM37 TRIM37 

Multiplee endocrine AD 
neoplasiaa type 1 205 

11q13 3 MEN! MEN! 

Multiplee endocrine AD 
neoplasiaa type 2A 207 

10q11.2 2 RET RET 

Multiplee endocrine 
neoplasiaa type 2B 209 

AD D 
50%% de novo 

10q11.2 2 RET RET 

Neurofibromatosiss type I AD 
2111 50% de novo 

17q11.2 2 NF1 NF1 

Neurofibromatosiss type II AD 
213 3 

22q12.2 2 NF2 NF2 

44 4 



Introduction n 

(Presumed )) pathogeni c 
pathwa yy (ref ) 

Inactivationn of tumor suppressor; 
activationn in response to DNA damage 
preventss cellular entry into mitosis 198 

Unknown n 

Activationn of the stimulatory Gs a 
protein;; Gs a protein couples receptors 
causingg activation of adenylate cyclase. 
therebyy increasing cAMP synthesis201.202 

Encodingg a RING-B-box-coiled-coil 
proteinn of unknown function, localized 
inn the peroxisomes 204 

Inactivationn of tumor suppressor 
encodingg the protein menin; menin 
bindss directly to JunD and inhibits 
JunDD activated transcription 206 

Protooncogenee encoding a receptor 
tyrosinee kinase, signalling through 
severall pathways, including RAS/ERK, 
MAPK,, NFêB, P13/AKT, and JNK, thus 
drivingg cell proliferation, survival, 
migration,, or differentiation 208 

Seee MEN 2A; 2 different MEN2B 
specificc mutations:96% M918T4% 
A883FF 2 ,

Inactivationn of tumor suppressor/ loss 
off inhibition of Ras oncogene activity 
212 2 

Inactivationn of tumor suppressor / loss 
off merlin interaction with multiple 
proteinss involved in cell-ceil and cell-
matrixx signals 2 '4 

Bodyy region s 

Skeleton,, vascular 
system m 

Endocrinee system, 
skeleton,, skin 

Growth,, face, eyes, 
mouth,, brain, heart, 
liver,, musculo-
skeletal,, skin 

Endocrinee system 

Endocrinee system, 
Gl-tract,, skin 

Face,, eyes, larynx, 
thyroid,, adrenal 
gland,, Gl-tract, 
musculoskeletal l 

Craniofacial,, eyes, 
brain,, vascular 
system,, skeleton, skin 

Eyes,, brain, skin 

Malignancie ss in 
Childre nn and Adult s 

Vascularr malformations, 
enchondroma,, chondrosarcoma, 
angiosarcoma,, ovary tumors, 
brainn tumors 

Osteosarcoma,, intramuscular 
myxoma,, leukemia, meningioma 
(breastt cancer, endometrial 
carcinoma) ) 

Wilmss tumor 

(Tumorss of the parathyroids, 
pancreaticc islet cells, and anterior 
pituitary) ) 
(adrenall cortical tumors, 
carcinoid,, lipoma, angiofibroma, 
collagenoma) ) 

Pheochromocytoma,, medullary 
thyroidd carcinoma, parathyroid 
adenoma a 

Pheochromocytoma,, medullary 
thyroidd carcinoma, mucosal 
neuroma a 

Neurofibroma,, optic glioma, 
schwannoma,, meningioma. 
astrocytoma,, medulloblastoma, 
neurofibrosarcoma,, malignant 
peripherall nerve sheath tumor, 
rhabdomyosarcoma,, juvenile 
myelomonocyticc leukemia, 
pheochromocytoma,, melanoma 

Acousticc neuroma, neurofibroma, 
meningiomaa glioma. 
schwannomaa ependymoma 
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Concurrence e 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 
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Syndrom ee (ref ) 

Nijmegenn breakage 2 '5 

Noonann 2 , s 

Opitzz trigonocephaly 22

Peutz-Jegherss 221 

Proteuss m 

Retinoblastomaa (hereditary)225 

Ringg shaped skin creases, cleft 
palatee 226 

Rothmund-Thomsonn 227 

Rubinstein-Taybii 229 

Silver-Russell231 1 

Inheritanc e e 

AR R 

AD D 
25-70%% de novo 

Uncertain n 

AD D 

Somaticc mosaicism 

AD D 
80%% de novo 

AD D 

AR R 

AD D 
>99% % 

Unknown n 

Locu s s 

8q21 1 

12q24.1 1 

Unknown n 

19p13.3 3 

Upp to 20% of cases: 10q23 224 

Remainder:: unknown 

13q14.1-q14.2 2 

Unknown n 

8q24.3 3 

16p13.3 3 

Unknown n 

Gene e 

NBS1 NBS1 

PTPN11 PTPN11 

Unknown n 

LKB1 LKB1 

Upp to 20%of cases: PTEN 

Remainder:: unknown 

RBI RBI 

Unknown n 

RECQL4 RECQL4 

CREBBP CREBBP 

Unknown n 

46 6 



Introduction n 

(Presumed )) pathogeni c 
pathwa yy (ref ) 

Bodyy region s Malignancie ss in 
Childre nn and Adult s 

Natur ee of 
associatio n n 

Mutatedd DNA double-strand break 
repairr protein; Nbs1 potentiates ATP-
drivenn DNA unwinding and 
endonucleasee cleavage by the Mre11/ 
RadBOO complex216-2'7 

Growth,, craniofacial, 
immunee system 

Acutee lymphoblastic leukemia, 
lymphoma,, neuroblastoma, 
glioma,, medulloblastoma, 
rhabdomyosarcoma a 

Tumorr predisposition 

Gainn of function in tyrosine 
phosphatasee SHP2. 5HP2 is involved in 
intracellularr signaling downstream to 
severall growth factor, cytokine and 
hormonee receptors. SHP2 stimulates 
thee RAS/MAPK pathway 219 

Growth,, craniofacial, 
eyes,, brain, heart, 
lymphaticc system, 
abdomen,, GU-tract, 
skeleton,, skin 

Juvenilee myelomonocytic 
leukemia,, neuroblastoma 
(rhabdomyosarcoma,, testicular 
carcinoma,, pheochromocytoma, 
malignantt peripheral nerve sheath 
tumor) ) 

Tumorr predisposition 

Unknown n Craniofacial,, brain, 
neck,, heart, genital, 
limbs,, skin 

Medulloblastoma a Concurrence e 

Inactivationn of tumor suppressor gene 
byy loss of protein kinase activity; LKB1 
interactss with the chromatin 
remodellingg protein BRG1, and with 
thee cell cycle regulatory proteins LIP1 
andd VVAF1 222 

Gl-tract,, GU-tract, 
muco-cutaneous s 

Gastointestinall hamartomas, 
adenomass and adenocarcinomas, 
granulosaa cell tumors, 
dysgerminoma,, cystadenoma, 
cervicall adenocarcinoma, sex cord 
tumorr with annular tubules, large 
celll Sertoli cell tumor, breast 
carcinoma a 

Tumorr predisposition 

Inactivationn of tumor suppressor 
encodingg a dual specificity 
phosphatase: : 
1.. lipid phosphatase - PI3K/Akt 
2.. protein phosphatase - MAPK 134 

Overgrowth, , 
craniofacial,, lung, 
kidney,, vascular 
system,, skeleton, skin 

Vascularr malformations, lipomas 
(ovariann cystadenoma, testicular 
tumors,, meningiomas, 
momomorphicc adenoma of 
parotidd gland) 

Tumorr predisposition 

Inactivationn of tumor suppressor/ 
repressorr of E2F-mediated transcription, 
inhibitingg progression through G1 153 

Eyes s Retinoblastoma,, osteosarcoma, Tumor predisposition 
pinealoma a 

Unknown n 

Memberr of RecQ family helicases; 
maintenancee of DNA integrity 228 

Craniofacial,, skin 

Growth,, craniofacial, 
eyes,, endocrine 
system,, limbs, 
skeleton,, skin 

Neuroblastoma,, smooth muscle Concurrence 
hamartoma a 

Osteosarcoma,, fibrosarcoma, 
squamouss cell carcinoma 

Tumorr predisposition 

Haploinsufficiencyy of the transcriptional 
cofactorr CBP, which is involved as down 
streamm effector in many pathways, 
particularlyy the SHH-PTCH-GLI pathway 

Unknown n 

Growth,, craniofacial, 
brain,, GU-tract, limbs, 
skeleton n 

Growth,, face, GU-
tract,, musculo-
skeletal,, limbs, skin 

Rhabdomyosarcoma, , 
neuroblastoma, , 
pheochromocytoma,, acute 
lymphoblasticc leukemia, 
meningioma,, neurilemmoma 

Wilmss tumor, testicular cancer, 
hepatocellularr carcinoma, 
craniopharyngioma a 

Tumorr predisposition 

Tumorr predisposition 
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Syndrom ee (ref ) Inheritanc e e Locu s s Gene e 

Simpson-Golabi-Behmel2322 X-linked recessive Xq26 GPC3 GPC3 

Sotoss (cerebral gigantism)234 AD 5q35 5 NSD1 NSD1 

Trisomyy i Chromosomal l Trisomyy < Entiree chromosome 8 

Trisomyy 13 • Chromosomal l Trisomyy 13 Entiree chromosome 13 

Trisomyy 18 238 Chromosomal l Trisomyy 1 £ Entiree chromosome 18 

Tuberouss sclerosis' AD D 
66%% de novo 

9q34 4 
16p13.3 3 

TSC1 TSC1 
TSC2 TSC2 

Turcot' ' AD D 5q21-q22 2 APC APC 

Turnerr 244 

AD D 

AR R 

Chromosomal l 

3p21.3 3 

7p22 2 

XO O 

MLH1 MLH1 

PMSL2 PMSL2 

Entiree X chromosome 
missing g 
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(Presumed )) pathogeni c 
pathwa yy (ref ) 

Bodyy region s Malignancie ss in 
Childre nn and Adult s 

Natur ee of 
associatio n n 

Celll surface heparan sulfate 
proteoglycan,, binding to IGF2 and 
modulatingg IGF2 action 233 

Co-regulationn of transcription via 
interactionn with steroid receptors 235 

Unknown n 

Unknown n 

Unknown n 

Inactivationn of tumor suppressors 
tuberinn and hamartin, that normally 
inactivatee the phosphatidylinositol-3 
kinasee (PI3K)-Akt-mTOR-S6K pathway 
leadingg to cell size increase and 
growthh 240 

Tumorr suppressor, mutations leading 
too stabilization of fj-catenin in the 
WNT// (5-catenin pathway, activating 
TCFF transcription factors m 

DNAA nucleotide mismatch repair242 

DNAA nucleotide mismatch repair243 

unknown n 

Growth,, craniofacial, 
brain,, heart, musculo
skeletal,, limbs, skin 

Growth,, craniofacial, 
brain n 

Growth,, craniofacial, 
brain,, heart, GU-tract, 
skeleton,, limbs 

Growth,, craniofacial, 
brain,, neck, heart, 
genitalia,, limbs, skin 

Growth.craniofacial, , 
brain,, neck, heart, 
GU-tract,, skeleton, 
limbs s 

Wilmss tumor, atypical embryoma, 
neuroblastoma,, hepatoblastoma, 
rhabdomyosarcoma, , 
hepatocellularr carcinoma 

Wilmss tumor, hepatocellular 
carcinoma,, neuroblastoma, 
sacrococcygeall teratoma, acute 
lymphoblasticc leukemia, giant cell 
granulomaa of mandible 
(vaginall epidermoid carcinoma, 
smalll cell lung carcinoma) 

Wilmss tumor, leukemia 

Wilmss tumor, leukemia, 
neuroblastoma a 

Wilmss tumor, hepatoblastoma, 
neurogenicc tumor 

Tumorr predisposition 

Tumorr predisposition 

Concurrence e 

Concurrence e 

Concurrence e 

Brain,, heart, kidney, 
skeleton,, skin 

Tumorr predisposition 

Brain,, Gl-tract Tumorr predisposition 

Tubers,, astrocytoma, 
rhabdomyoma,, fibroma, 
angiofibroma,, hemangioma, 
retinall hamartoma, 
angiomyolipoma,, pulmonary 
lymphangiomyomatosis s 

Medulloblastoma,, glioblastoma, 
ependymoma,, astrocytoma, 
polyposis s 
(colonn cancer) 

Growth,, craniofacial, Gonadoblastoma, dysgerminoma, Tumor predisposition 

neck,, chest, heart, 
immunee system, GU-
tract,, skeleton, skin 

(ganglio)neuroblastoma, , 
schwannoma,, mesenchymoma, 
acutee myeloid leukemia, 
medulloblastoma,, pituitary 
adenoma a 
(glioma,, meningioma, melanoma, 
hibernoma,, thyroid carcinoma, 
anaplasticc lung tumor, 
adenocarcinomaa of uterus and Gl 
tract,, squamous cell carcinoma of 
vulva) ) 
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Syndrom ee (ref ) Inheritanc e e Locu s s Gene e 

Tyrosinemiaa type I AR R 15q23-q25 5 FAH FAH 

Unusuall fades, osteosarcoma. Uncertain 
andd malformation 24? 

Unknown n Unknown n 

Vonn Hippel-Lindau : AD D 3p25-26 6 VHL VHL 

WAGRR Sporadic 
(Wilmss tumor. Aniridia, 
Genitourinaryy malformations. 
Retardation)250 0 

Werner2533 AR 

11p13 3 
(contiguouss gene defect, 
includingg WT1 and PAX6) 

8p12-p11.2 2 

WT1 WT1 

PAX6 PAX6 

WRN WRN 

Xerodermaa Pigmentosum 255 
AR R Multiplee loci XPA-XPG XPA-XPG 

47,, XXY 257 
Chromosomal l Extraa X-chromosome 

Tabl ee 1: Childhoo d tumo r predispositio n syndromes . 

Syndromess wi th reported tumor incidence in childhood are listed. For each syndrome the fol lowing items are 
ment ioned:: mode of inheritance, involved locus, responsible gene(s), (presumed) pathogenic pathway, body 
regionss involved, and concurring tumors. Relatively uncommon tumors in the syndrome or in childhood are in 
brackets.. The association of a syndrome wi th malignancy is given as ' tumor predisposition' or 'concurrence', the 
latterr meaning that there might be an association, but data are insufficient to draw definitive conclusions. 
Listt of abbreviations: AD: autosomal dominant, AR: autosomal recessive, Gl: gastrointestinal, GU: genito-urinary. 
(*:Recentlyy it has been suggested that similar cytogenetic findings can occur in patients with Seckel syndrome 13g) 
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(Presumed )) pathogeni c 
pathwa yy (ref ) 

Fumarylacetoacetatee induces spindle 
disturbancess and segregational defects246 

Unknown n 

Tumorr suppressor gene; induces 
degradationn of HIF. HIF coordinates 
thee cell response to hypoxia by 
increasingg expression of angiogenic, 
growth,, and mitogenic factors 
includingg VEGF, PDGFp, erythropoietin, 
andd TGFa 249 

Inactivationn of tumor suppressor / 
transcriptionn factor WT1 251 

Rolee in oculogenesis 252 

Memberr of RecQ family helicases; 
maintenancee of genome integrity254 

XPP proteins are part of the Nucleotide 
Excisionn Repair complex 256 

Bodyy region s 

Liver,, kidney, musculo
skeletal l 

Craniofacial,, GU-tract 

Centrall nervous 
system,, abdomen, 
GU-tract t 

Eyes,, brain, heart, 
GU-tract,, vertebrae 

Face,, brain, endocrine 
system,, vascular 
system,, musculo
skeletal,, skin 

Face,, eyes, oral, brain, 
skin n 

Growth,, craniofacial, 
brain,, genital 

Malignancie ss in 
Childre nn and Adult s 

Hepatocellularr carcinoma 

Osteosarcoma a 

Retinall and central nervous 
systemm hemangioblastoma, renal 
celll carcinoma, pancreatic 
tumors,, pheochromocytoma 

Wilmss tumor 

Meningioma,, paraganglioma, 
adenomaa of the pituitary gland, 
thyroidd and adrenal gland; basal 
andd squamous cell carcinoma 
andd melanoma, adenocarcinoma 
off thyroid, stomach, ovary and 
liver,, fibrosarcoma, 
leiomyosarcomaa and 
Osteosarcoma a 

Basall cell carcinoma, squamous 
celll carcinoma, melanoma, 
fibrosarcoma,, angiosarcoma, 
fibroma,, angioma 

Breastt cancer, seminoma of testis 

Natur ee of 
associatio n n 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 

Tumorr predisposition 
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Abstrac t t 
Clinicall morphology has proved essential for the successful delineation of hundreds of 

syndromess and as a powerful instrument for detecting (candidate) genes \ The major 

approachh to reach this has been careful clinical evaluations of patients, focussed on 

congenitall anomalies. A similar careful physical examination performed in patients, 

whoo have been treated for childhood cancer, may allow detection of concurrent patterns 

off anomalies and provide clues for causative genes. In the past, several studies were 

performedd describing the prevalence of anomalies in patients with cancer. However, in 

mostt studies it was not possible to indicate the biologic relevance of the recorded 

anomalies,, nor to judge their relative importance. Are the detected anomalies common 

variants,, and should they thus be regarded as normal, or are they minor anomalies or 

truee abnormalities, indicating a possible developmental cause? Classification of items 

inn the categories of common variants {disturbances of phenogenesis with a prevalence 

>> 4%), minor anomalies (disturbances of phenogenesis with a prevalence < 4%) and 

malformationss (disturbances of embryogenesis) should allow weighing the importance 

off the scored items in the population under study, and should facilitate assessment of 

developmentall disturbances (if any) in a study group. 

Thee lack of published consensus in the literature led us to produce a classification list with 

aa two-fold goal. First we wanted to enhance uniformity in the scoring and classification of 

apparentlyy abnormal physical findings by a nomenclature for errors of morphogenesis 

detectablee on surface examination, and secondly a uniform classification system. This 

shouldd allow investigators to evaluate systematically the presence of patterns in phenotypic 

anomalies,, in the general population and in patients with various disorders, suspected to 

bee a developmental anomaly. Also, normal values may be obtained this way. Secondly, 

thee list will allow a determination of the importance of the collected symptoms in a study 

population.. We tested the feasibility of the application of the classification list in a study 

population:: the list was piloted in a group of patients who have had cancer as a child, to 

detectt patterns of anomalies related to specific types of tumors. 
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Introductio n n 
Terminology y 

Priorr to the study, it was paramount to set definitions of all manifestations. Aase 2 subdivided all 

itemss into two categories: abnormalities and minor variants. Abnormalities were further subdivided 

inn malformations, deformations, disruptions and dysplasias, according to their suspected cause 3. 

Minorr variants were subdivided in two categories, minor anomalies and common variants, based 

uponn their implication and prevalence. 

Abnormalities s 
AA malformatio n was defined as a disturbance of embryogenesis (morphogenesis) 4, and was 

classifiedd as "mild" if it had little effect on normal functioning of the affected individual. All other 

malformationss were called major malformations. Examples of mild malformations are ear pits and 

supernumeraryy nipples. Malformations are, by definition, results of early events which are often 

oligogenicc (although they can also be polygenic), leading to qualitatively different developmental 

endproductss within the individual. As the threshold principle is frequently involved in morphogenesis, 

defectss in this process lead to all-or-none traits 4. Although malformations may be mild and have 

littlee or no effect on the functioning of the individual, they are always abnormal. 

Deformation ss  are produced by aberrant mechanical forces that distort otherwise normal structures, 

resultingg from maternal or fetal factors, occurring at any time in gestation. 

Disruption ss  are structural defects caused by interference with the development of genetically 

normall primordia, resulting from destructive events, caused by problems of various origin (for instance 

off vascular, infectious or mechanical origin), commonly affecting several tissue types in a well-

demarcatedd anatomic region; the structural damage does not conform to the boundaries normally 

imposedd by embryonic development. 

Thee term dysplasi a refers to abnormal histogenesis or function of a specific tissue type which can 

bee focal or distributed throughout the body, resulting in clinically apparent structural changes, 

whichh have a continuing course. Since the tissue itself is intrinsically abnormal, the effect on the 

clinicall symptom may persist or worsen as long as the tissue continues to grow or function. In this 

wayy dysplasias differ from the other three categories, where the actions causing it are relatively 

brieff in duration 5. 

Minorr Variants 
Aasee subdivided minor variants into two categories, minor anomalies and spectrum variants 5. 

Minorr congenital anomalies have been widely discussed. Frias and Carey 6 described the history of 

thee definitions used in the major studies performed. Marden et al. 7 arbitrarily divided congenital 

anomaliess into two categories according to their severity: Major anomalies have an adverse effect 

onn either function or social acceptability of the individual, while minor anomalies are not of medical 
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orr cosmetic consequence to the patient. Anomalies observed in more than 4% of infants were 

consideredd normalphenotypic variants. Hook 8 used the same definitions, referring to minor congenital 

anomaliess as morphological anatomical variations. Méhes9 followed the nomenclature set by Marden 

ett al. 7, pointing out that many apparent minor anomalies represent extreme normal variants rather 

thann true birth defects. However, their frequency is much higher in subjects with congenital disorders, 

thee latter being confirmed by other groups7'8'10. Meriob et al. 11 divided minor abnormalities into 

threee groups: (1) minor congenital malformations, anatomic defects due to errors of organogenesis, 

nott being of medical significance; (2) minor variants, phenotypic variations, not present in multiple 

congenitall anomaly syndromes, often present in the family or the patient's ethnic group; and (3) 

transienttransient developmental disorders, minor defects in embryonic development which disappear by 

themselves.. Opitz 4 divided the so-called minor congenital anomalies into two categories primarily 

basedd on the particular phase in which the developmental abnormality occurred: (1) Mild 

malformations,malformations, which arise during embryogenesis, and should always be considered malformations, 

whetherr primary or secondary; (2) minor anomalies, which are defects of phenogenesis, arising 

duringg fetal or early postnatal life. Opitz further specified a minor anomaly as a polygenic event, in 

contrastt to mild malformations. Defects in phenogenesis lead to quantitatively differences between 

individuals;; phenogenesis represents a process of developmental fine-tuning. It does not involve threshold 

decisionss but only shades of differences 4. In their review, Frias and Carey 6 conclude by complimenting 

Merlobb 12 for introducing the term mild errors of morphogenesis (MEM) as 'an excellent substitute for 

minorr congenital anomalies' inasmuch as MEM encompasses both the errors of organogenesis, including 

mildmild malformations, disruptions and dysplasias, and the errors of phenogenesis, or minor anomalies. 

However,, for studies like ours, describing patterns of anomalies in a specific study population, searching 

forr a possible developmental etiology in the specific patient group, abnormalities of organogenesis 

andd phenogenesis should not be covered by a single term such as "mild errors of morphogenesis". In 

orderr to assign the appropriate weight to the findings scored in a population, defects of organogenesis 

andd phenogenesis should be classified as two separate categories: (1) malformations, either mild or 

major,, representing defects of organogenesis and (2) minor variants, either common variants or minor 

anomalies,, representing defects of phenogenesis. 

Twoo factors discriminate minor anomalies from common (or phenotypic) variants: prevalence and 

implication.. In larger scale studies minor anomalies appeared to have a prevalence of 4% or lower 

7,9,100 Therefore, deviations of phenogenesis with an expected prevalence in the normal population 

abovee 4% are called, by definition, normal phenotypic variants. The presence of multiple minor 

anomaliess should alert the attending physician for the prevalence of a major malformation: all four 

(newborn)) population studies on minor anomalies showed that the presence of three or more 

minorr anomalies in a newborn makes the neonate more likely to have a major malformation, the 

likelihoodd ranging in the different studies from 19.6 to 90% 7'911. Multiple minor anomalies may 

implyy an effect of aneuploidy 4. 
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Normall Values 
Untill now, large scale studies on the prevalence of minor anomalies have been performed in newborn 

infantss only 7'9'11. As changes in anomalies occur with growth, and the detection rate may be 

differentt at different ages 13'14, these prevalence figures may not be correct in other age groups. 

Thiss makes it more difficult to predict which of these should be tagged as minor anomaly in older 

childrenn and adults. Based on our mutual clinical experience in older children and adults, we selected 

aa number of anomalies of which we expected the prevalence in the normal population of older 

childrenn and adults to be 4 % or below, and tagged these minor anomalies. All other minor variants 

weree expected to have a prevalence of more than 4 % and were registered as common variants. 

Summary y 
Thee classification of physical anomalies as proposed in our list is based on the following principle. 

Accordingg to their (suspected) pathogenesis, all anomalies are subdivided in two main categories 

(depictedd in Figure 1): 1 ) abnormalitie s and 2) mino r variants , of which the former more strongly 

suggestt abnormal pre or postnatal development. According to their suspected pathogenesis 

abnormalitie ss  are subdivided into 'A ' malformations  and 'B ' deformations,  disruptions, 

Figur ee 1.Schemati c depictio n of th e terminolog y and classificatio n syste m of phenotypi c abnormalities. 

Malformatio n n 

== defect of embryogenesis 

II Abnormalit y 

I——— Other abnormalit y 

-deformation n 

-disruption n 

Phenotypi cc  dysplasia 
abnormalit y y 

ii Mino r anomal y 

prevalencee ^4% 

Mino rr  varian t 

== defect of phenogenesis 

.. „ Commo n varian t 

prevalencee > 4% 
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dysplasias,dysplasias,  and other  abnormalities,  the latter being secondary to abnormal morphogenesis 

and/orr function of other important structures and which can not to be classified as deformations, 

disruptionss or dysplasias. Mino r variants , deviations of phenogenesis, are subdivided into two 

categories,, based on their prevalence and implication: 1) minor  anomalies  having an expected 

prevalencee in the general population of <4% and generally indicating a possible genetic defect and 

2)) common  variants  having a prevalence of >4% in the normal population. 

Method s s 
Inn selecting the abnormal physical findings for definition and classification we used two sources: 

Aase'ss text on Dysmorphology which provides definitions of minor and major anomalies 2, and the 

LondonLondon Dysmorphology DataBase (LDDB)1S which is nowadays the most commonly used database 

providingg an overview and definitions of anomalies. From both sources we selected all anomalies 

whichh can be evaluated during surface examination by a physician trained in clinical morphology. 

Functionall symptoms (for example lactorrhea) were not scored, as abnormal functioning may well 

bee the result of a disturbed physiological process, rather than of an abnormal organogenesis or 

phenogenesis.. The indexes of all 2000 - 2002 issues of this journal were scanned for possible 

missingg items; those were added to the list. 

Usingg the London Dysmorphology DataBase as a model, a tree was built with 29 major areas 

definedd by either anatomy or function, 5 areas less than the total of 34 in the LDDB, as in our study 

onlyy findings picked up by surface examination can be scored, making the headings 'urinary system', 

bloodd vessels', 'endocrine', 'hematology/immunology' and 'skeletal' inappropriate for our list. As in 

thee LDDB, the 29 major areas were further subdivided into a total of 98 smaller areas which were 

finallyy divided into a total of 683 single anomalies, describing all individual abnormalities and minor 

variantss that can be scored by surface examination. 

Wee classified the physical findings in the earlier described categories. However, the same abnormality 

cann be classified in different subgroups according to its cause: for example, absence of a finger may 

bee the result in one child of intra-uterine vascular dysfunction, as has been suggested in Adams-

Oliverr syndrome and fetal thalidomide syndrome, and should then be scored as a disruption, while 

thee same absence in a child with oral-facial-digital syndrome should be scored as a malformation. 

Sincee subclassification of anomalies according to pathogenesis was often only possible after careful 

individuall evaluation, which was not the goal of our (population) study, we decided to use the term 

abnormalitiess as defined by Aase. Abnormalities were then subclassified into 'A': malformations 

whichh are true defects of morphogenesis, such as cyclopia; and 'B': disruptions, dysplasias, 

deformationss and abnormalities which are secondary to abnormal morphogenesis and/or function 

off other important structures. An example of the latter is nystagmus, which in all cases is secondary, 

whetherr to a serious vision deficit, a neurologic abnormality or albinism. Abnormalities, which can 
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bee present as either or both of the two subcategories, depending on the pathogenesis in a specific 

case,, were marked as 'A,B', for example a hoarse voice in a person with Williams syndrome, which 

mayy be the result of abnormal morphogenesis of the larynx (A), but may also be the result of 

abnormall elastin in the vocal cords, in fact a dysplasia <B). As this Classification List is developed for 

populationn studies, we used the basic principle that the classification should be pathogenetically 

correctt for the most prevalent appearance of the anomaly in the general Caucasian population. 

Frequently,, a finding in its usual presentation is a common variant, but the same finding in a more 

expressedd form might be regarded a minor anomaly. For example, mild micrognathia is often seen 

inn the general population, making micrognathia in general a common variant. However, if the 

mandiblee is extremely small but normally formed, it is a growth anomaly of phenogenesis, and 

thereforee classified a minor anomaly, as in the Robin sequence. If it is small and malformed, as in the 

Hanhartt anomaly, it is a malformation. Unfortunately, despite this clear distinction from a causal 

pointt of view, clinically it may be very difficult to discern. Similarly, an extreme presentation of a 

minorr anomaly can sometimes be considered a malformation, for example microcephaly, defined as 

aa head circumference below two standard deviations for age, in its most prevalent appearance is 

classifiedd as minor anomaly, but in its extreme presentation, when secondary to decreased brain 

size,, should be characterized as an abnormality. Hypoplasia of a structure is generally regarded a 

minorr anomaly, but when extreme it should be scored as an aplasia, which is classified an abnormality. 

Size-relatedd findings were regarded as minor anomalies when size was below the 2nd centile (or <2 

SDD below the mean value) or above the 98th centile (or >2 SD above the mean value). For example 

heightt above the 98th centile in its most prevalent appearance is scored a minor anomaly. However, 

whenn part of a general dysplasia, such as Marfan syndrome, it should be considered an abnormality. 

Off certain findings, like height below the 2nd centile, there is a presentation that is a minor anomaly, 

butt the most prevalent presentation is as part of a syndrome, mainly hypochondroplasia. In this 

specificc case the general rule that a measurable item with a size below the 2nd centile should be 

taggedd a minor anomaly does not hold: if the growth anomaly is part of a syndrome it is always 

abnormal.. For every size-related item this principle was considered. For normal values of all listed 

anomaliess we refer to Hall et al. 16. 

Anomaliess that are part of either a general or a very localized dysplasia, should all be classified as 

such,, hamartomas being scored as dysplasias. However, when differentiating between a minor 

variantt and an abnormality, the frequency of certain findings should also be taken into account. For 

example,, a small nevus is a hamartoma and thus should in fact be classified a dysplasia, which is an 

abnormality.. However, the prevalence is that high in the general population that this hamartoma 

cann be classified as a common variant. 

Isolatedd common variants will not alert physicians to search for an underlying developmental problem, 

andd can thus be considered as less important. However, a combination of common variants may 

stilll point to a common defect. For example, the presence of isolated sparse hair in an otherwise 

67 7 



Chapterr 2 

normall individual should be regarded a common variant, but in combination with dystrophic nails it 

pointss to an ectodermal dysplasia. In general, it may be stated that the relative weight of a single 

minorr anomaly is higher than that of a common variant. A combination of items in a single individual 

however,, either minor anomalies or common variants, may point to a more generalized defect such 

ass a dysplasia, which may have larger implications for the individual. 

Althoughh the classifications in the present list apply to the Caucasian population, one should still 

realizee that even within the Caucasian population differences exist. For example brachycephaly is 

normall in persons of Turkish descent and most persons with other Eastern European background, 

butt should be regarded a common variant in persons of North-Western European descent. 

Furthermore,, a finding may be scored differently in different age groups: facial hirsutism in an adult 

malee is different from the same hirsutism in a child. Findings to which this principle applies are 

markedd in the Classification List (Table I) by an asterisk (*). 

Patient s s 
Inn 1996 the Emma Children's Hospital-Academic Medical Center started an Outpatient Clinic for 

Latee Effects of Childhood Cancer. All children with cancer who have completed the therapeutic 

regimen,, and who were in remission for at least 5 years, are under regular control of the clinic. 

Patientss are checked for possible symptoms, directed to the tumor itself, the side-effects of the 

treatment,, as on the psychosocial consequences of cancer in infancy and childhood, and its treatment. 

Alll consecutive patients who visited the clinic were invited to participate in the study. Patients 

enteredd the study only after written permission was obtained from the patients themselves, or the 

parentss in children and adolescents,. The oncological case histories were extracted from the original 

medicall records, and included the exact nature of the tumor and therapeutic regimens and family 

history.. The family history pertaining to first and second degree relatives (extended if necessary), 

wass also gathered directly from the patient and family (if present), with special attention for the 

presencee of cancer, miscarriages, and congenital anomalies. 

Alll newly diagnosed children with cancer were entered in this study prospectively; the work-up of 

thee 2 groups was identical. 

Thee primary investigator (JHMM) was a pediatrician, who was trained in the scoring of phenotypic 

findingss by a pediatrician-clinical geneticist (RCMH). 

Thee patients had a careful physical examination directed to abnormalities, minor anomalies and 

commonn variants. It was a surface examination, so neither auscultation of the heart, nor abdominal 

palpationn was performed. Any anomaly possibly caused by the tumor or the ensuing treatments, 

suchh as microcephaly following cranial irradiation or a leg length difference after abdominal irradiation, 

waswas not scored. If the examiner remained in doubt whether an anomaly was a result of therapy or 

not,, the anomaly was not scored. 
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Thee scoring of findings was on a single sheet indicating only the general body parts. To prevent 

over-scoring,, the findings were not listed separately. All patients were scored by a single investigator 

(JHMM).. A second investigator (RCMH) scored 10% of all patients over the course of the study, to 

alloww determination of interobserver variation. If the first investigator remained in doubt as to the 

presencee of an anomaly, photographs were taken and discussed with the second investigator. 

Alll data were entered in the 'Amsterdam Dysmorphology DataBase', an SPSS database (SPSS Data 

Entryy 3.0) designed specifically for entry and analysis of data regarding phenotype, clinical history, 

familyy history, and results of additional investigations. All anomalies can be scored under 98 

subheadingss or items, based on our Classification List. 

Result s s 
Classificationn List 

Tablee I shows the list classifying the collected series of abnormal morphological findings. The 29 

majorr anatomical or functional areas {not shown in the list) are subdivided into 98 smaller areas 

whichh are finally divided into a total of 683 single anomalies, each categorized as a common variant, 

minorr anomaly or abnormality. 

Everyy one of the 683 findings was first considered in a similar manner by 3 investigators {JHMM, 

CDMvK,, RCMH) independently. Every item on which either of us disagreed was discussed until 

consensuss was reached based on the same basic principles. 

Againn it should be mentioned that as this list was developed for population studies, we used the 

basicc principle that the classification should be correct for the most prevalent appearance of the 

findingg in the general Caucasian population. An example demonstrating the application of this 

principle,, is the item 'neurocranium (shape)' which encompasses Lbrachy-, 2.plagio-, 3.dolicho, 

4.trigono-,, and S.turricephaly. Brachy- and plagiocephaly are considered common variants based on 

theirr expected prevalence in the normal population of >4%. However, dolichocephaly is regarded a 

minorr anomaly as it is seldomly seen. Neither brachy-, nor plagio- or dolichocephaly are considered 

abnormalitiess since in their most prevalent appearance they result from abnormal phenogenesis or 

developmentall fine-tuning. However, trigonocephaly and turricephaly are always the result of 

pathology,, i.e. craniosynostosis, and should therefore be regarded abnormalities. 

Pilott application 
Duringg a three-month period, 102 consecutive former patients were seen at the late effects clinic, of 

whomm only two refused participation in our study. The reason for refusal in both cases was an 

actuall psychological revival of the period during which they had been intensely treated, which 

madee them afraid of ail hospital related matters. In fact, both patients refused totally any further 

followw up at the late effects clinic. The medical records of both former patients were checked for 

69 9 



Chapterr 2 

possiblee congenital anomalies or syndromes which could have made them ashamed of their physical 

appearance,, and thereby could have introduced a selection bias, but no anomaly or syndrome was 

found.. Of the remaining 100 persons, 95 were white Caucasians, 1 was from Northern Africa and 

44 had a mixed racial background. Mean age of the population was 25 years, 53 were males and 47 

females.. Forty-four were treated for a leukemia or lymphoma, 56 for a solid tumor. 

Althoughh our aim was to determine the interobserver variation in 10%, in the first 100 persons we 

determinedd possible variation in 31. In total 3,038 items were scored (Fig. 2), 126 items were 

taggedd positive and 2,885 negative by both examiners. The examiners disagreed on 27 items: 

observerr A regarded 18 items positive, where observer B did not, observer B scored 9 items positive, 

wheree observer A did not. So in 31 of the first 100 persons the interobserver variation was determined, 

yieldingg a kappa score of 0.89. 

Figur ee 2. Cross-table summarizing the number of items scored normal and abnormal by 2 observers in 31 patients 

normal l 

abnormal l 

normal l 

2885 5 

18 8 

abnormal l 

9 9 

126 6 

Discussio n n 
Wee created a list of all physical anomalies detectable by surface examination, based on a generally 

acceptedd nomenclature 15 and uniform classification system 5. The list will enhance uniformity in the 

scoringg and classification of physical abnormalities, allowing investigators to generate normal values 

andd to evaluate systematically the presence of patterns in phenotypic anomalies, both in the general 

populationn as well as in patient populations with various disorders. The classification system is 

basedd on two criteria: the (suspected) pathogenesis of a finding and the prevalence in the normal 

population.. This will allow weighing the importance of the scored items in the population under 

study,, and will facilitate assessment of possible developmental problems in a large variety of study 

populationss with a suspected developmental pathogenesis. Furthermore, it may allow discriminating 

differentt subgroups of patients in heterogeneous patient populations, subgroups which may have 

theirr own specific pathogenesis, treatment, and prognosis. Numerous investigators have reported 

ann apparently increased incidence of congenital anomalies in a variety of disorders. However, almost 

alll are hampered by their inability to consider the biologic relevance of the individual items scored 6. 

Inn their review on "mild errors of morphogenesis (MEM)" Frias and Carey strongly encourage future 

studiess to consider the biologic relevance of each recorded MEM and give it an appropriate weight 6. 
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Thereforee we started our study by creating this list of all physical anomalies detectable by surface 

examination.. We realize that creating a uniform classification system will induce generalizations. 

Althoughh this might be a drawback for the study of an individual patient, a uniform system is an 

advantagee and considered even a conditio sine qua non when studying populations as it is the only 

wayy to consider the biologic relevance of the items scored. One might argue that the creation of a 

listt based on the pathogenesis of all anomalies is impossible, as the exact pathogenesis of many 

findingss still remains to be elucidated. However, for a large number of anomalies the pathogenesis 

iss known and for many others there are strong indications of a suspected pathogenesis, allowing 

thee creation of a classification based on current knowledge. However it will be a dynamic list, that 

willl be adjusted as new theories on pathogenesis develop. 

Althoughh the definitions of all items in our list are based on the nomenclature as used in the London 

Dysmorphologyy DataBase it should be realized thatt the definitions as given by Winter and Baraitser15 

stilll leave room for interpretation of the individual anomalies. We agree with Frias and Carey 6 that 

standardizationn of the current nomenclature of all individual items by a group of international experts 

wouldd greatly improve and facilitate future studies on the epidemiologic behaviour of both abnormalities 

andd minor variants. 

Thee list was created to study several populations of interest at our institution, all with a suspected 

developmentall etiology: children with cancer, with mental retardation, and with autism. To determine 

thee feasibility of the list in a patient group, a pilot study on patients who had cancer as a chüd is 

shownn in this paper. In a 3-month period we performed a surface examination directed at 

morphologicall anomalies in 100 former cancer patients. Using our list the interobserver variation 

wass determined in 31 patients leading to an excellent agreement. This also shows that morphological 

anomaliess can be screened accurately also by non-clinical geneticists if trained in clinical morphology, 

ass was shown earlier in 2 studies 817. Hook 8 reported less than 1%, Holmes 18 less than 2% 

disagreementt between two non-clinical geneticists in the identification of surface morphological 

anomalies.. However, in a later study Holmes et al.19 found markedly greater interobserver differences 

inn the detection of subjective and even in objective anomalies. During a 2-year period 444 infants 

weree examined separately by two examiners - a physician and a non-physician - looking for the 

prevalencee of 114 'minor physical features'. The kappa analysis showed an excellent agreement for 

66 findings (kappa 1.0-0.75); the agreement was good for 33 (kappa 0.75-0.5), but poor for the 

remainingg 77 anomalies (kappa <0.5). Although the prevalence of objective anomalies in the first 

groupp (kappa 1.0-0.75) will have been higher, it is hard to understand the large difference in scoring 

off relatively objective anomalies such as Sydney creases and epicanthal folds (kappa 0.33 and 0.28). 

Takingg a close look at their table it seems that one of the two examiners consistently had a higher 

scoree throughout the different types of anomalies. The reason for this discrepancy remains unclear 

ass the training in clinical morphology of the non-physician is not discussed in the paper ,0. 

Untill now 7 earlier studies were performed describing the prevalence of minor physical anomalies 
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inn pediatric cancer patients 20'26. Méhes et al.22 was able to examine 106 pediatric cancer patients. 

Ann equal number of age-matched controls with acute infectious diseases and 81 healthy sibs of 62 

indexx patients were examined in a similar way. Anthropometric indices of patients did not differ 

fromm those of the controls. The frequency of 'major congenital anomalies' was about equal in all 3 

groups.. However, minor anomalies were significantly more prevalent in the pediatric cancer patients 

andd their sibs compared to controls: 69.2% of patients, 63.0% of sibs, and 34.6% of the control 

subjectss had at least one apparent minor anomaly. This shows the advantage of the study of minor 

anomalies:: their prevalence is much higher than the prevalence of major anomalies and specific 

patternss of anomalies are more easily detected. In the first Méhes study the total group of patients 

waswas composed of 18 different malignancy groups, preventing the detection of specific associations 

off anomalies or patterns of anomalies. In a later study Méhes specifically focussed on 54 acute 

lymphoblasticc leukemia (ALL) patients and their families 24, confirming the increased prevalence of 

minorr anomalies in ALL patients and their sibs. The study was extended and reported in 1998 2B: 

1000 leukemia patients, the majority of their parents, and sibs were examined. In 40% of the subjects 

thee interobserver variation was determined revealing a concordance rate of 79%, which is reliable. 

Againn a significantly higher prevalence of anomalies was found in ALL-patients and their sibs, 

comparedd to parents and controls. When age-dependent anomalies were removed, the difference 

remainedd significant. However when both age-dependent and familial anomalies were excluded 

fromm the analysis, the statistical difference disappeared. No specific association of ALL with a particular 

anomalyy was found. Méhes concluded that an increased prevalence of anomalies in sibs of children 

withh ALL "cannot be regarded as a sign of predisposition for leukemia. One can only speculate on 

aa possible recessive association of MEM's with ALL, on possible maternal inheritance, or on 

developmentall genes that may be involved in the processes of malignancy and disturbed 

morphogenesiss as well" 25. Arguing along this line familial occurring anomalies should not be excluded 

fromm analysis, while studying a specific patient group: familial anomalies should be regarded as 

valuablee as their non-familial occurring counterparts, as they might point to patterns induced by 

aberrantt developmental genes, with a low penetrance for cancer in childhood. 

Ann early Japanese study seems to confirm the findings of the Swiss group, the major drawback of 

thee study being that patients were not examined personally by the investigators20. From 1966 to 

1968,, 371 cases of childhood malignancy were registered at the Childhood Cancer Registry of the 

Tokyoo Metropolitan Area. A table of major and minor congenital anomalies was sent to the hospitals 

andd data were provided by each of the pediatricians in charge. It is not clear from the paper 

whetherr the patients were especially examined by the pediatricians with specific attention for 

congenitall anomalies. A control group of 123 cases without malignancies or congenital malformations 

waswas examined on major and minor anomalies while they were visiting the outpatient clinic of the 

Universityy of Tokyo Hospital. The incidence of anomalies in children with a malignancy was 41%, 

20%% having a major and 32% having a minor anomaly. In the control group the incidence of 
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anomaliess (major and/or minor grouped together) was 13% (p<0.001). Numbers were too small to 

alloww any correlation between specific childhood tumors and individual or patterns of anomalies. 

Thee higher incidence of minor anomalies in the Swiss group may be explained by 3 factors: since the 

listt of minor anomalies was not published in the Japanese study they might have checked for less 

traitss than the 57 traits used by the Swiss group. Furthermore in the Japanese study the patients 

mayy not be specifically examined by the pediatrician focussed on congenital anomalies, which also 

mightt underscore the existence of minor anomalies. And, finally, the pediatricians may have been 

lesss trained compared to the Swiss investigators to score for minor anomalies. 

Feketee et al.23 studied 55 minor anomalies in 51 children with leukemia, and 49 with different solid 

tumors.. The prevalence in the patientgroup (85%) was significantly higher than in a group of 100 

healthyy controls (66%). Two or more anomalies were found in 58% of patients, versus 23% in 

controls,, a significant difference. No significant tumor specific association of a given pattern of 

anomaliess could be demonstrated. 

Onlyy recently a seventh study was undertaken describing the frequency and type of anomalies in 64 

childrenn with hematological malignancies treated between 1983 and 1997 26. Eighty-six percent 

hadd at least one minor anomaly compared to 67% in 64 age and gender matched controls. 

Unfortunatelyy a different list was used and definitions of what to consider a minor anomaly were 

nott given. From the seven studies one can conclude: 1) patients with malignancies appear to have 

moree congenital anomalies than control children, suggesting the existence of prenatal factors causing 

bothh anomalies and cancer, 2) each time the numbers were too small to determine any significant 

correlationn between tumor types and (combinations of) individual anomalies and 3) the studies did 

nott provide definitions of each minor or major anomaly, and subsequently using different lists of 

anomaliess were used making comparison very difficult. 

Thee past three decades numerous studies reported the incidence of minor physical anomalies in a 

varietyy of disorders: diabetes27, metabolic diseases28, isolated urinary tract malformations29, mental 

retardationn 3033, cerebral palsy34-35, hyperactivity 31-36'37autism 3&A0-4\ and schizophrenia and mood 

disorderss 42~58. A few studies deserve more attention here. Miles and Hillman 40 did an exemplary 

studyy on minorr physical anomalies in 133 autistic individuals, most of their parents, and a substantial 

numberr of grandparents and sibs. Each physical finding was standardized according to the LDDB 15, 

andd divided into three groups: 1. Minor anomalies, 'structural anomalies that occur in <5% of the 

population',, 2. measurement abnormalities that are beyond 2 SD from the mean, 3. descriptive 

traitss (often called spectrum variants), with a prevalence of >4%, which are often familial and 

cannott be accurately measured, and 4. malformations. This classification system closely resembles 

ourr list, although in our system minor anomalies and measurement anomalies are grouped in one 

categoryy and collectively called minor anomalies. Descriptive traits or spectrum variants resemble 

ourr common variants. Nothing is stated about dysplasias, disruptions or deformations. Using this 

classificationn system the subjects were categorized from 'normal', to 'minimal', 'mild', 'moderate', 
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andd 'severe', or to 'syndrome', thus weighing the severity of the findings in all individuals. Individuals 

categorizedd from moderate to severe were called 'phenotypicatly abnormal'. In this subgroup (20% 

off the total group) S established syndromes were diagnosed compared to 1 in the remaining 80%, 

suggestingg that this subgroup has a different cause from the phenotypically normal to intermediate 

groupp of autistic individuals. In his editorial comment Opitz 59 complimented the authors on using 

thee method of analysis of family resemblance, and indeed family resemblance is of great importance 

inn the individual patient. However, as stated earlier, familial occurring minor anomalies, categorized 

ass 'descriptive traits' in the study by Miles and Hillman 40, might point to patterns induced by 

aberrantt developmental genes, wi th a low penetrance for the specific disorder, and thus might be 

off great importance when studying groups of patients wi th that disorder. Therefore, in our 

classificationn system - designed for population studies - anomalies that arise during phenogenesis 

withh a prevalence of <4% will be classified minor anomalies, regardless of familial occurrence. 

Sortingg phenogenetic anomalies into different categories defined by their prevalence in the general 

populationn might seem artificial in the individual patient as they basically refer to the same 

phenomenonn of abnormal phenogenesis 59. However, a very low prevalence of an anomaly in the 

generall population indicates that its presence in an individual is exceptional and should be regarded 

ass more important than the presence of a more commonly occurring anomaly of phenogenesis, a 

commonn variant in our classification system. 

Manyy earlier studies on minor physical anomalies in autism and schizophrenia are hampered by the 

usee of the Waldrop scale 60 {or a modified version), a short list of 16 minor physical anomalies and 

theirr weighted scores, mostly reflecting the findings found in Down syndrome, which limits its value 

ass a checklist for a broad variety of disorders. 

Differentt from the earlier discussed studies on the prevalence of congenital anomalies in pediatric 

malignancies,, in all other studies the investigators did not submit the children to a careful physical 

examinationn directed at clinical morphology and so they were only able to detect associations with 

majorr anomalies as they were based on the study of death certificates 61, cancer registry records 6263 , 

interviewss 64'65, and record linkage studies 66'69. Since major anomalies have a much lower frequency 

thann minor anomalies associations with specific tumors will be more difficult to detect. The only 

significantt relationships observed were the higher incidence of leukemia in children with Down syndrome, 

andd the increased prevalence of brain tumors in children with central nervous system anomalies69. In 

manyy syndromes, and also in Down syndrome, the diagnosis is rarely based on the accompanying 

majorr malformations but rather on the specific pattern of minor anomalies. Indeed most diagnostic 

indicess for Down syndrome use only minor anomalies 70. 

Ann important factor hampering the elucidation of any statistically significant data in earlier studies is 

thee lack of normal values for morphological anomalies in normal children and adults. Only four studies 

emergee from literature that form the basis of our current knowledge regarding the epidemiology of 

morphologicall anomalies 7-9"11. Lack of standardization of the nomenclature and the absence of 
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uniformm diagnostic criteria hinders the comparison of these studies 6. A second and even more 

importantt drawback is that the studies have been performed in newborn infants only. Several 

specificc anomalies, such as vascular malformations, can be transitory, and minor anomalies can 

becomee more or less obvious with age as the evolution of anomalies in many syndromes has shown. 

Especiallyy only after early childhood the complete phenotype becomes obvious. This implies that 

manyy morphological anomalies can be missed in newborn infants. We have concluded there is a 

greatt need for a study in older children or adults focussed on the prevalence of mild errors of 

morphogenesis.. Therefore we are presently planning to study a control group constituted from 

olderr children from elementary schools. 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Buil d d 

Statur e e 

truncall obesity 
generalizedd obesity 
thinn / slender build 
muscularr build 

shortt stature (proportionate) 
shortt stature (short limbs) 
shortt stature (short trunk) 
talll stature (proportionate) 
talll stature (long limbs) 

Neurocranium ::  size microcephaly 
macrocephaly y 

Neurocranium ::  shape brachycephaly y 
dolichocephaly y 
piagiocephaly y 
trigonocephaly y 
turricephaly y 
Kleeblattschedel l 

Neurocranium ::  suture s ridged sutures 
widee sutures 
smalll anterior fontanel 
earlyy closure fontanels 
delayedd closure fontanels 
extraa fontanels 

Hair ::  growt h 

Hair ::  structur e 

Hair ::  pigmentatio n 

Face e 

alopeciaa totalis 
alopeciaa areata 
sparsee implantation 
sloww growth 
frontall balding / male pattern baldness 
highh anterior hairline 
loww anterior hairline 
widow'ss peak 
cow'ss lick 
abnormall whorl (not-frontal) 

fine e 
dry y 
soft t 
coarse e 
brittle e 
uncombable e 
kinky y 

generalizedd hypopigmentation 
patchyy depigmentation 
prematuree graying 
unusuall colour 

faciall cleft 
asymmetry y 

X X 

X X 

X X 

X* * 
X X 
X X 

X X 
X X 

X X 
X X 
X X 
X X 

X X 

X X 
X X 
X X 

X X 
X X 

X X 
X X 

X X 
X X 

X X 
X X 
X X 
X X 
X X 

X X 

X X 

X X 
X X 
X X 

X X 

X X 

A,B B 
A,B B 
A,B B 

A,B B 
A,B B 
A A 

A A 

A,B B 

B B 

A A 
A A 

A A 

2 2 
1 1 
2 2 
3 3 

11 1 
5,6 6 
5,6 6 
2 2 
2 2 

2 2 
2 2 

4,12 2 
4,12 2 
3,12 2 

5,8,9,13 3 
5,8,9,13 3 

5,13 3 

4 4 
4 4 
2 2 
4 4 
4 4 
5 5 

5,6,9 9 
4 4 
3 3 

6,9 9 
3 3 
3 3 
3 3 
4 4 
3 3 
3 3 

3 3 
3 3 
3 3 
3 3 
4 4 
4 4 
4 4 

5 5 
5 5 
3 3 
4 4 

5 5 
4 4 
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Structur e e 

Nervu ss Faciali s 

Forehea d d 

Eyes ::  genera l 

Eyes ::  Iri s 

Trai t t 

coarsee face 
small l 
nar row// elongated 
broad d 
round-shaped d 
square-shaped d 
triangular-shaped d 
flat t 
lipodystrophy y 
prematuree ageing 
prominentt creases 
expressionless// dull 
hypotonic c 
hypoplasticc malae 
midfacee hypoplasia 
midfacee hyperplasia 
fulll cheeks 
sunkenn cheeks 
broadd lower 1/3 part 

peripherall asymmetry 
centrall asymmetry 

metopicc ridge 
frontall bossing 
prominent t 
prominentt glabella 
glabellaa bone defect 
sloping g 
ridged d 
broadd / wide 
short t 
biparietall narrowing 
hyperplasticc supra-orbital ridges 
hypoplasticc supra-orbital ridges 

cyclopia a 
asymmetry y 
strabismus s 
nystagmus s 
Duanee (retraction) anomaly 
deeply-set t 
proptosis s 
microphthalmos s 
buphthalmos s 
cryptophthalmos s 
orbitall cysts 

aniridia a 
hypoplasia a 
atrophyy / dysplasia 
colobomaa (uni-/bilaterally) 
Brushfieldd spots 
heterochromia a 

Commo n n 
Varian t t 

X X 
X X 
X X 
X X 
X X 

X X 
X* * 

X* * 
X X 

X X 

X X 

X X 

Mino r r 
Anomal y y 

X X 

X X 
X X 

X* * 

X X 
X X 
X X 

X X 

X X 
X X 
X X 

X X 

X X 
X X 

X X 

X X 

X* * 
X X 

Abnormalit y y 

A A 
A A 

B B 
B B 

B B 
B B 

A A 
A A 

A A 

B B 
B B 

A A 
A A 
A A 
A A 

A A 
A A 

A,B B 
A A 

A A 

Commen t t 

4 4 
3 3 
3 3 
3 3 
3 3 
3 3 
4 4 
4 4 
5 5 
5 5 
4 4 

9,10 0 
9,10 0 

4 4 
4 4 
4 4 
3 3 
3 3 
4 4 

10 0 
10 0 

4 4 
4 4 
4 4 
5 5 
5 5 
4 4 
3 3 
3 3 
4 4 
4 4 
3 3 
4 4 

5 5 
4 4 
3 3 

9,1 1 
9 9 
4 4 
4 4 
5 5 
5 5 
5 5 
5 5 

5 5 
5 5 

5,6 6 
5 5 
3 3 
5 5 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Eyes::  Pupil s 

Eyes::  Lens 

Eyes::  Corne a 

Eyes::  Conjunctiva e 

Eyes::  Sclerae 

Eyes::  Eyelid s 

Palpebra ll  fissure s 

Peri-orbita ll  ski n 

hypopigmentation n 
iriss stellata 

ectopicc pupils 
abnormall size or movement 
asymmetry y 
persistentt pupillary membrane 

ectopiaa lentis 
sizee / shape abnormality 
cataract t 

microcornea a 
macrocornea a 
cloudyy cornea 
anaesthesia a 

noduli i 
teleangiectasia a 
epibulbarr dermoids 

bluee coloured 
nevuss of Ota 

ptosis s 
colobomaa upper-/lower lid 
ectropion n 
entropion n 
synechiae// ankyloblepharon 
edema a 
fullness s 
fulll lateral parts 

blepharophimosis s 
short t 
wide e 
asymmetry y 
mongoloidd slant 
anti-mongoloidd slant 
almond-shaped d 
bow-shaped d 

epicanthi i 
telecanthi i 
blepharochalasis s 
skinn tag 
infra-orbitall skin folds 

X X 

X X 

X X 
X X 

X X 

X X 

X X 
X X 

X X 

X X 

X X 
X X 

X X 

X X 
X X 
X X 
X X 
X X 
X X 

X X 

X X 
X X 
X X 

X X 

A A 
A A 

A,B B 

A,B B 
B B 

5 5 
3 3 

5 5 
9,10 0 

4 4 
5 5 

5 5 
5 5 

5,6,9 9 

2 2 
2 2 

5,6,9 9 
10 0 

3 3 
4 4 
5 5 

6 6 
5 5 

4 4 
5 5 
4 4 
4 4 
5 5 
4 4 
3 3 
3 3 

2 2 
2 2 
2 2 
4 4 
2 2 
2 2 
3 3 
4 4 

4 4 
4 4 
4 4 
5 5 
4 4 

Intercantha ll  distanc e hypotelorism 
hypertelorism m 

Eyelashe s s absent t 
sparselyy implanted 

78 8 



Phenotypicc abnormalities: terminology and classification 

Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

prominent t 
double e 
coloboma a 
twcxolored d 

Eyebrowe s s 

Lacrima ll  gland s 

Nasolacrima ll  duct s 

Nose::  genera l 

Nose::  alae 

Nose::  nares 

Nose::  bridg e 

Nose::  ti p 

absent t 
hypoplasia a 
sparse e 
double e 
synophrys s 
mediall flare 
laterall flare 
mediall & lateral flare 
narroww laterally 
arched d 
continuingg far laterally 

decreasedd tear production 

absent t 
extra a 
abnormall position 

absent t 
choanall atresta/stenosis 
cleft t 
large e 
flat t 
small// short 
long g 
broad d 
pinched d 
loww hanging columella 
profilee convex 
profilee concave 
nasall tip deviated 
septumm deviation 
hairyy polyp 

hypoplasia a 
coloboma a 

broad d 
single e 
flare e 
anteversion n 
asymmetry y 
supernumerary y 
flat t 
prominent// high 
wide e 

btffd d 
broad d 

A,B B 

5 5 
3 3 
3 3 
5 5 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 

5,6,9 9 

X* * 

X X 

X X 
X X 
X X 

X X 

X X 

X X 

X X 
X X 

X X 

X* * 
X X 
X X 

X X 

X X 
X X 

X X 
X X 

X* * 

X X 

A A 
A A 
A A 

A A 
A A 
A A 

B B 

A A 

A A 

A A 

5 5 
5 5 
5 5 

5 5 
5 5 
5 5 
3 3 
2 2 
2 2 
2 2 
3 3 
4 4 
3 3 
3 3 
3 3 
4 4 
4 4 
6 6 

3 3 
5 5 

3 3 
5 5 
3 3 
4 4 
4 4 
5 5 
4 4 
3 3 
3 3 

4 4 
3 3 
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Structur e e Trai t t 

Nose::  septu m 

Nose::  base 

Upperr  jaw 

Lowe rr  jaw 

Chin n 

Voic e e 

Philtru m m 

Orall  regio n 

flat t 
bulbous s 
overhanging g 

absentt cartilage 
short t 
broad d 
narrow w 

broad d 
narrow w 

cleft t 
hypoplastic c 
prominent t 
narrow w 
asymmetry y 
absentt premaxilla 
prominentt premaxilla 

absent t 
cleft t 
asymmetry y 
prominent t 
retro/micrognathia a 

dimpledd / grooved 
pointed d 

aphonia a 
nasal l 
dysarthria a 
hoarse e 
cat'ss cry / high-pitched 
low-pitched d 

long g 
short t 
smooth h 
prominent// deep 

extraa oral frenulae 

Mout h h 

orall synechiae 
prominentt nasolabial folds 
orall pigmentation 
peri-orall pigmentation 

microstomia a 
macrostomia a 
asymmetry y 
openn mouth appearance 
pouting g 
upturnedd corners 
downturnedd corners 

Commo n n 
Varian t t 

X X 

X X 
X X 

X X 

X X 
X X 

X X 

X X 
X X 

X* * 

Mino r r 
Anomal y y 

X X 

X X 

X X 
X X 
X X 

X X 
X X 

X X 

X X 

X X 

X X 

X X 
X X 

X X 
X X 

X X 
X X 
X X 

X X 
X X 
X X 

Abnormalit y y 

A A 

A A 

A A 

A A 
A A 

A,B B 
B B 
B B 

A,B B 
B B 
B B 

A A 
A A 

B B 

Commen t t 

4 4 
3 3 
4 4 

5 5 
4 4 
4 4 
4 4 

3 3 
3 3 

5 5 
4 4 
4 4 
3 3 
4 4 
5 5 
4 4 

5 5 
5 5 
4 4 
3 3 
3 3 

3 3 
4 4 

5,9,10 0 
9,10 0 
9,10 0 

5,6,9,10 0 
6,9,10 0 
6,9,10 0 

2 2 
2 2 
3 3 
3 3 

5 5 
5 5 
3 3 
4 4 
4 4 

2 2 
2 2 
4 4 

9,10 0 
4 4 
4 4 
4 4 
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Structur e e 

Upperr  lip 

Lowe rr  lip 

Gums s 

Palate e 

Alveola rr  ridge s 

Tongu e e 

Teeth h 

Trai t t 

cleftt (midline vs non-midline) 
thin n 
fulll / thick 
tight t 
everted d 
pit(s) ) 
cupidd bow 

cleft t 
pit(s) ) 
fulll / thick 
thin n 
tight t 
evertedd / drooping 

fusionn gums and/or jaw 
hypertrophy y 

cleft t 
highh / narrow 
short t 
wide e 
fistulae e 
cleftt uvula 
absent t 
hypoplasticc uvula 
longg uvula 
prominentt lateral ridges/rugae 

thickk / wide 
cleft t 

aplasia a 
hypoplasia a 
cleft t 
large e 
lobulated d 
smooth h 
prominentt groove(s) 
ankyloglossia a 
glossoptosis s 
protrudingg tongue 
fasciculations s 

macrodontia a 
microdontia a 
supernumeraryy teeth 
oligodontia a 
singlee central incisor 
advancedd eruption 
delayedd eruption 
neonatall teeth 
prematuree loss teeth 
dentall crowding 

Commo n n 
Varian t t 

X X 
X X 

X X 
X X 

X X 

Mino r r 
Anomal y y 

X X 
X X 

X X 

X X 
X X 

X X 
X X 
X X 

X X 
X X 
X X 

X X 

X X 

X X 

X X 

X X 

X X 
X X 

X X 
X X 

Abnormalit y y 

A A 

A A 

A A 
A A 

A A 
A,B B 

A A 

A A 
A A 
A A 

A A 

A A 

A A 

A A 

A,B B 

A,B B 
B B 
B B 

A A 
A A 
A A 

A A 
A,B B 

Commen t t 

5 5 
3 3 
3 3 
4 4 
4 4 
5 5 
4 4 

5 5 
5 5 
3 3 
3 3 
4 4 
4 4 

5 5 
5,6,9 9 

5 5 
2 2 
2 2 
2 2 
5 5 
5 5 
5 5 
4 4 
4 4 
4 4 

4 4 
5 5 

5 5 

4 4 
5 5 
4 4 
5 5 
4 4 

5,6,9 9 
4 4 

5,10 0 
10 0 
10 0 

2 2 
2 2 
5 5 
5 5 
5 5 
2 2 
2 2 
5 5 

5,6,9 9 
3 3 

81 1 



Chapterr 2 Tablee 1: Classification list 

Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Ears::  genera l 

Ears::  helice s 

Ears::  lobule s 

Ears::  tragu s 

Ears::  meatu s 

Ears::  pit s 

malocclusion n 
widelyy spaced 
abnormallyy shaped teeth 
asymmetry y 
fusionn incisors 
diastema a 
dentinn anomalies 
enamell anomalies 

agenesis s 
small l 
aplasia// microtia 
large e 
asymmetry y 
longg ears 
flatt ears 
increasedd a-p diameter <=round) 
decreasedd a-p diameter =(narrow) 
dysplasticc ears 
simplee ear 
cupshaped d 
lopp ear 
crumpled d 
low-set t 
posteriorlyy rotated 
prominent t 
cysticc pinna 
calcificationn cartilage 

hypoplastic// thin 
abnormallyy modeled 
overfolded d 
noo fold 
notched d 
horizontall upper ridge 
Darwinn "lump" 
pit(s) ) 

absentt / hypoplastic 
large/hyperplastic c 
attached d 
uplift t 
crease e 
cleft t 

absent t 
hypoplastic c 

absent t 
atresia a 
narrow w 

unilateral l 
bilateral l 

A,B B 

3 3 
1 1 
5 5 
4 4 
5 5 
3 3 
6 6 
6 6 

5 5 
2 2 
5 5 
2 2 
4 4 
2 2 
3 3 
2 2 
2 2 
4 4 
4 4 

5,10 0 
5 5 

6,8 8 
2 2 
2 2 
1 1 

6,8,9 9 
4 4 

3 3 
4 4 
3 3 
3 3 
3 3 
3 3 
3 3 
5 5 

3 3 
3 3 
3 3 
3 3 
4 4 
5 5 

5 5 
4 4 

5 5 
5 5 
4 4 

5 5 
5 5 
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Structur e e 

Ears::  tags 

Neck k 

Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Thora x x 

Mammae e 

Nipple s s 

Shoulder s s 

Clavicle s s 

unilateral l 
bilateral l 

branchiall cyst / cleft / sinus 
webbing g 
cysticc hygroma 
long g 
short t 
thickk / broad 
torticollis s 
loosee skinfolds 
goiter r 

broad d 
narrow w 
increasedd a-p diameter 
asymmetry y 
short t 
long g 
flat t 
flaring g 
xiphisternum m 
pectuss carinatum 
pectuss excavatum 
shortt sternum 
sternumm asymmetry 

absent t 
hypoplasia a 
hypertrophy y 
asymmetry y 
gynaecomastia a 
pseudo-gynaecomastia a 
prematuree development 

absent t 
hypoplastic c 
largee / hyperplastic 
asymmetry y 
supernumerary y 
wide-spaced d 
inverted d 

broad d 
narrow w 
sloping g 
anteriorlyy rotated 

absent t 
hypoplastic c 
long g 
horizontal l 

A A 
A A 

A A 
A,B B 
A,B B 

A,B B 

A.B B 

5 5 
5 5 

5 5 
5,9 9 
5,9 9 
3 3 
3 3 
3 3 

9,10 0 
4 4 

5,9 9 

2 2 
2 2 
2 2 
4 4 
4 4 
4 4 
3 3 
4 4 
5 5 
4 4 
4 4 
2 2 
4 4 

5 5 
4 4 
3 3 
4 4 

5,9 9 
4 4 
16 6 

5 5 
4 4 
4 4 
4 4 
5 5 
2 2 
3 3 

3 3 
3 3 
3 3 
9 9 

5 5 
4 4 
4 4 
3 3 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Scapula e e 

M.. pectorali s 

Ribs s 

Abdome n n 

Anu s s 

Genitalia ::  genera l 

Genitalia ::  femal e 

Genitalia ::  male 

absent t 
small l 
high// Sprengel 
winged d 

absent t 
hypoplasia a 

absent t 
prominentt bows 

diastasiss recti 
musclee aplasia 
musclee hypoplasia 
protruberant t 
gastroschisis s 
abnormall umbilicus position 
herniaa umbilicalis 
omphalocele e 
herniaa inguinalis 

atresia a 
stenosis s 
abnormall position 
fistula a 

ambiguous s 
pubertass praecox 
pubertass tarda 

prominentt clitoris 
prominentt labia majora 
prominentt labia minora 
hypoplasiaa labia majora 
hypoplasiaa labia minora 
fusionn labia 
vaginall atresia 
vaginall hypoplasia 
vaginall septum 
rectovaginall fistels 
cloaca a 

smalll penis 
largee penis 
burnedd penis 
hypoplasiaa preputium 
hypospadia a 
epispadia a 
largee testes 
smalll testes 
cryptorchidd testes 
hydrocelee testis 

X X 

X X 
X X 

X X 

X X 

X X 

X X 

X X 

X* * 

X X 

X X 

X X 

X X 
X X 
X X 
X X 
X X 

X X 
X X 

X X 

X X 
X X 

X X 

A A 

A A 

A A 

A A 

A A 

A A 

B B 

A,B B 
B B 

A A 
A,B B 

A.B B 

A A 

A A 
A A 
A A 
A A 

A,B B 
A A 

A A 
A A 

A A 

5 5 
4 4 
5 5 
4 4 

5 5 
4 4 

5 5 
4 4 

4 4 
5 5 
4 4 
3 3 
5 5 
4 4 

6,9 9 
5,9 9 
6,9 9 

5 5 
5,9 9 
4 4 

5,7 7 

5 5 
16 6 
16 6 

4 4 
4 4 
4 4 
4 4 
4 4 
5 5 
5 5 
5 5 
5 5 

5,7,9 9 
5 5 

2 2 
2 2 
3 3 
4 4 
5 5 
5 5 
2 2 
2 2 
5 5 
4 4 

84 4 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

supernumeraryy testes 
hypoplasiaa scrotum 
overridingg / shawl scrotum 
bifidd scrotum 

Back k 

Spina ll  cord 

Sacrum m 

Upperr  limb s 

decreasedd lumbar lordosis X 
decreasedd thoracic kyphosis / straight back 
increasedd lumbar lordosis X 
increasedd thoracic kyphosis 
scoliosis s 
rigidd spine 
buffaloo hump 

spinaa bifida 
meningocelee / myelomeningocele 
syringomyelia a 
pilonidall cyst / sinus / dimple 
tetheredd cord 

sacrall dimple/sinus X 
caudall appendage 
asymmetricc crease 
fatt pads 

absent t 
proportionallyy short arms 
rhizomelia a 
mesomelia a 
acromelia a 
overgrowth h 
hernihypertrophy y 
reductionn deformity / deficiency(some digits) 
reductionn deformity / deficiency (no digits) 
constrictionn rings 
asymmetry y 

Humeru s s 

Elbow s s 

Forear m m 

Hands s 

absent t 
bowed d 

valgus s 
webbing g 
acromiall dimple 

absent t 
bowed d 
Madelungg deformity 

absent t 
malproportionatee small 
malproportionatee large 
narrow w 
broad d 
asymmetry y 

A,B B 
A,B B 

A A 
A A 
A A 

A,B B 

A,B B 
A,B B 
B B 

A A 
A.B B 

B B 
B B 

A A 
A,B B 
A A 

A,B B 

3 3 
4 4 
3 3 
4 4 

5,6,8,9,10 0 
5,6 6 
4 4 

5 5 
5 5 
5 5 
4 4 

5,6 6 

3 3 
5 5 
4 4 
4 4 

5 5 
2 2 
5 5 
5 5 
5 5 
4 4 
4 4 

5,7 7 
5,7 7 
7 7 
4 4 

5 5 
5,6,8 8 

3 3 
9 9 

5 5 
5,6,8 8 

5 5 

5,7 7 
2 2 
2 2 
2 2 
2 2 
4 4 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Palmarr  creases 

Finger s s 

Thumb s s 

ectrodactyly y 
syndactyly y 
tridentt hand 
clubhands s 
clenched d 
ulnar// radial deviation 
longg handpalm 
thenarr hypoplasia 
hypothenarr hypoplasia 
edemaa dorsum hands 
isolatedd metacarpal shortening 

Sydneyy crease 
simiann crease 
bridgingg crease 
absent t 
decreasedd flexion creases 
deepp creases 

absent// oligodactyly 
hypoplastic c 
Polydactylyy (pre-axial) 
Polydactylyy (post-axial) 
Polydactylyy (meso-axial) 
mirrorr image Polydactyly 
longg fingers 
arachnodactyly y 
shortt fingers 
brachydactylyy (Bell's types) 
macrodactyly y 
broadd fingers 
camptodactyly y 
clinodactyly y 
ulnarr deviation dig ll-lll 
ulnarr deviation dig V 
radiall deviation dig IV-V 
overlapping g 
symphalangism m 
syndactyly y 
tapering g 
clubbing g 
widee fingertips 
fetall pads 
shortt endphalanges 
absentt phalanges 
constrictionn rings 

absent t 
hypoplasia a 
asymmetry y 
broad d 
adducted d 
proximall placement 
hitch-hiker'ss thumb 

X X 

X X 
X X 

X X 

X X 

X X 
X X 

X X 
X X 
X X 
X* * 
X X 

X X 
X X 
X X 

X X 
X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 
X X 

X X 

X X 

X X 
X X 
X X 

X X 

A A 

A,B B 
B B 
B B 

B B 

A,B B 

A A 
A A 
A A 
A A 

B B 

A,B B 

B B 
A A 

B B 

A,B B 
B B 

A,B B 

B B 

B B 

5 5 
4 4 
4 4 

5,8,9,10 0 
10 0 

5,8,9,10 0 
2 2 
4 4 
4 4 
4 4 
2 2 

4 4 
4 4 
4 4 

9,10 0 
4 4 
4 4 

5,7 7 
2 2 
5 5 
5 5 
5 5 
5 5 
2 2 
6 6 
2 2 

5,6 6 
2 2 
3 3 
4 4 
3 3 
3 3 
4 4 
3 3 

8,9,10 0 
5 5 
4 4 
4 4 
9 9 
4 4 
3 3 
4 4 

5,7 7 
7 7 

5,7 7 
4 4 
4 4 
4 4 

9,10 0 
4 4 
6 6 
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Structur e e 

Pelvis s 

Lowe rr  limb s 

Femur r 

Patell a a 

Knee e 

Tibi a a 

Feet t 

Trai t t 

triphalangeal l 
shortt endphalanges 

broad d 
narrow w 
hipp dislocation 

absent t 
proportionallyy short legs 
rhizomelia a 
mesomelia a 
acromelia a 
sirenomelia a 
duplication n 
asymmetry y 
overgrowth h 
hemihypertrophy y 
reductionn deformity / deficiency( 
reductionn deformity/ deficiency 
constrictionn rings 

absent t 
bowed d 

absent t 
hypoplastic c 

varum m 
valgum m 
webbing g 

absent t 
bowed d 

absent t 
malproportionatelyy small 
malproportionatelyy large 
short t 
long g 
narrow w 
broad d 
asymmetry y 
pess planus 
pess cavus 
talipess equinovarus 
ectrodactyly y 
prominentt heel 
Rockerbottom m 
deepp plantar creases 
fetall pads 
edemaa dorsum feet 
isolatedd metacarpal shortening 

Commo n n 
Varian t t 

noo digits) 
somee digits) 

X X 
X X 

X X 

Mino r r 
Anomal y y 

X X 

X X 
X X 

X X 

X X 
X X 
X X 

X X 

X* * 
X* * 

X X 
X X 
X X 
X X 
X X 
X X 
X X 

X X 

X X 

X* * 
X X 

Abnormalit y y 

A A 

A.B B 

A.B B 

A A 
A A 
A A 
A A 
A A 

A,B B 
A,B B 
B B 

A A 
A,B B 

A A 

B B 

A A 
A,B B 

A,B B 

A,B B 
A A 

A A 

Commen t t 

5 5 
4 4 

2 2 
2 2 

5,6,9,10 0 

5,7 7 
2 2 
5 5 
5 5 
5 5 
5 5 
5 5 
4 4 
4 4 
4 4 

5,7 7 
5,7 7 
7 7 

5 5 
5,6,8 8 

5 5 
4 4 

4 4 
4 4 

9,10 0 

5 5 
5,6,8 8 

5,7 7 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
4 4 
3 3 
3 3 

5,10 0 
5 5 
4 4 
5 5 
4 4 
3 3 
4 4 
4 4 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Toes s 

Halluce s s 

Joint s s 

Muscle s s 

absent t 
hypoplastic c 
pre-axiatt Polydactyly 
meso-axiall Polydactyly 
post-axiall Polydactyly 
mirror-imagee Polydactyly 
long g 
short t 
broad d 
shortt terminal phalanges 
syndactylyy ll-lll 
partiall syndactyly ll-lll 
syndactylyy (not ll-lll) 
partiall syndactyly (not ll-lll) 
symphalangism m 
widelyy spaced 
sandall gap 
overriding g 
clinodactylyy dig V 
hammertoes s 
2ndd toe longer than 1st 
fetall pads 

absent t 
hypoplasia a 
short t 
long g 
asymmetry y 
broad d 
narrow w 
varus s 
valgus s 
proximall implantation 
dorsiflexedd / hammertoe 

contracture e 
contracturess (incl. arthrogryposis) 
dislocation n 
dislocations s 
enlargement t 
hypomobilityy small joints 
hypomobilityy large joints 
hypomobilityy small and large joints 
hypermobilityy small joints 
hypermobilityy large joints 
hypermobilityy small and large joints 

isolatedd agenesis 
hypoplasia a 
atrophyy / dystrophy 
hypertrophy y 
hypotonia a 
hypertonia a 
musclee weakness 

X X 

X X 
X X 
X X 
X X 

X X 
X X 

X X 

X X 

X X 
X X 

X X 

X X 

X X 

X X 

X X 
X X 
X X 
X X 
X X 
X X 
X* * 
X* * 

X X 

X X 
X X 
X X 

X X 
X X 

X X 

A,B B 

A A 
A A 
A A 
A A 

A A 

A A 

A A 

A,B B 

A,B B 
A,B B 
A,B B 
B B 

B B 

B B 

A A 

B B 
A,B B 
B B 
B B 

A,B B 

5,7 7 
4 4 
5 5 
5 5 
5 5 
5 5 
4 4 
4 4 
3 3 
4 4 
5 5 

4,14 4 
5 5 
4 4 
5 5 
3 3 
3 3 
3 3 
3 3 
4 4 
1 1 
3 3 

5,7 7 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
3 3 
4 4 

5,8,9,10 0 
5,6,8,9,10 0 
5,8,9,10 0 
6,8,9,10 0 

4 4 
4 4 
4 4 

6,8,9,10 0 
4 4 
4 4 

6,8,9,10 0 

5 5 
4 4 

6,9,10 0 
5,9,10 0 

10 0 
10 0 

5,10 0 
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Structur e e Trai t t Commo nn Mino r Abnormalit y Commen t 
Varian tt  Anomal y 

Neurolog y y 

Skin ::  genera l 

Skin ::  localize d 

Skin ::  pigmentatio n 

fasciculation n 
myotonia a 

hemiplegia/paresis s 
diplegia/paresis s 
tetraplegia/paresis s 
spasticity y 
craniall nerve palsy 
tremor r 
developmentall delay 

atrophy y 
thin,, translucent skin 
thick k 
hyperkeratosis s 
ichtyosis s 
dryy skin 
cutiss laxa 
hyperelasticity y 
excessivee skin folds 
sloww healing 
abnormall scarring 
photosensitivity y 
lipodystrophy y 
cutiss marmorata 
poikiloderma a 
lymphedema a 
calcification n 
dimples s 

hypoplasiaa / aplasia 
atrophy y 
striae e 
bullae e 
scleroderma a 
fibromata a 
lipomata a 
xanthomata a 
scalpp defects 

albinism m 
generalizedd hypopigmentation 
generalizedd hyperpigmentation 
hypo-/depigmentationn patches 
hyperpigmentationn patches 
café-au-laitt (solitary) 
cafe-au-laitt (multiple) 
solitaryy nevus (size > 0.5 cm) 
multiplee nevi (size > 0.5 cm) 
linearr sebaceus nevus 
axillaryy freckling 
acanthosiss nigricans 

X X 

X X 
X X 

X* * 

X X 

X X 

X X 

X X 
X X 
X X 

X X 

X X 

X X 
X X 
X X 
X X 

X X 

X X 

B B 
A,B B 

B B 
B B 
B B 

A,B B 
A,B B 
B B 

A.B B 

A,B B 

B B 

B B 

A.B B 
B B 
B B 
B B 

A,B B 

A,B B 
B B 

A,B B 
A,, 8 

A,B B 
B B 

B B 
B* * 
A,B B 

A A 

A A 

A A 

A.B B 

10 0 
5,10 0 

10 0 
10 0 
10 0 

5,7,10 0 
5,7,10 0 

10 0 
5,6,7,8,9,10 0 

5,6,8,9 9 
4 4 
4 4 
4 4 
6 6 
3 3 
6 6 
4 4 

5,6,8 8 
6,9 9 
6,9 9 
6,9 9 
5,6 6 
3 3 
3 3 

5,6,9 9 
6,9 9 
4 4 

5,6,8,9 9 
5,6 6 
3 3 

5,6,9 9 
6 6 
3 3 
6 6 

6,16 6 
5,6,7 7 

5 5 
4 4 
4 4 
4 4 
4 4 
3 3 
5 5 
1 1 
2 2 
5 5 
4 4 

5,6 6 
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Structur e e 

Skin ::  vascula r 

Skin ::  bod y hair 

Nails s 

Trai t t 

capillaryy hemangioma 
hemangiomaa plana 
AVV malformation 
storkk bite 
angel'ss kiss 
multiplee telangiectasia 
prominentt vessels 
multiplee hematoma 

generalized d 
localized d 

absent t 
hypoplasia a 
short t 
narrow w 
concave e 
hyperconvex x 
thinn / brittle 
thickened d 
pits s 
striped d 
bifidd / double 
fused d 
abnormall color 

Commo n n 
Varian t t 

X X 
X X 

X X 

X* * 
X* * 

X X 
X X 

Mino r r 
Anomal y y 

X X 
X X 
X X 
X X 
X X 
X X 
X* * 

X X 

Abnormalit y y 

A A 
A A 
A A 

A,B B 

B B 

A,B B 

A A 
A A 

Commen t t 

5 5 
5 5 
5 5 
3 3 
3 3 

5,6,9 9 
3 3 

6,9 9 

3 3 
3 3 

5,7 7 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
3 3 
3 3 
5 5 
5 5 
4 4 

Finding g 
** = dependent on age 
AA = malformation 
BB = deformation, disruption, dysplasia or other abnormality secondary to abnormal morphogenesis or function 

off other structures 

Comments s 
1.. Anomaly resulting from a defect in phenogenesis, is measurable, shows a Gaussian distribution. The most 

prevalentt appearance has a frequency of more than 4%. 
2.. Anomaly resulting from a defect in phenogenesis, is measurable, shows a Gaussian distribution. The most 

prevalentt appearance has a frequency of 4% or less. 
3.. Anomaly resulting from a defect in phenogenesis, either is measurable but normal values are lacking or is 

nott measurable. The most prevalent appearance has a frequency more than 4%. 
4.. Anomaly resulting from a defect in phenogenesis, either is measurable but normal values are lacking or is not 

measurable.. The most prevalent appearance has a frequency of 4% or less. 
5.. Malformation secondary to a defect in embryogenesis. 
6.. Dysplasia. 
7.. Disruption. 
8.. Deformation. 
9.. Abnormality secondary to dysfunction of other structures / other disorders. 

10.. Abnormality secondary to neurologic dysfunction. 
111 Although height is a measurable finding with a Gaussian distribution, height below P3 is not scored as a 

minorr anomaly, as the most prevalent presentation is as a dysplasia or malformation syndrome. 
12.. The most prevalent appearance is a variation of normal not caused by a craniosynostosis. 
13.. Always the result of a craniosynostosis. 
14.. Defined as 1/3 or more from the base of the toe. 
11 5. Should only be scored in children, as it is very common in adults. 
16.. The most prevalent presentation is as a variation of normal physiology with a frequency of more than 4%. 
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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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Chapterr 3 Tablee 3. Overview of 35 cases with private syndromes. 

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). 

108 8 



Clinica a morphologyy in children with cancer 

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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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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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 
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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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Chapterr 5 

Abstrac t t 
Purpose:: To evaluate the prevalence of abnormalities of rib development in normal 

Caucasiann children and patients with childhood cancer-

Materialss and methods: Chest radiographs of 881 Caucasian pediatric controls and 906 

childhoodd cancer patients were reviewed, and independently scored by four blinded 

observers,, using strict definitions. Prevalences of 6 major rib anomaly categories in controls 

weree compared to their prevalence in the total group of childhood cancer patients, and 

thee 12 individual larger tumor groups using Chi-square tests. 

Results:: Values in the control population were generated for the occurrence of six 

majorr rib anomaly categories; cervical rib anomalies were present in 6 .1% of controls, 

aplasiaa of 12 lh ribs in 6.6%, lumbar ribs in 0.9%, bifurcations in 0.7%, synostosis-bndging 

inn 0.3%, and segmentations were not found. The overall prevalence of total rib anomalies 

inn cases and controls was equal (14.9% and 14.2%, respectively). Cervical rib anomalies 

weree found significantly more often in cases (8.6%) compared to controls (p-value=0.047), 

threee groups accounting for this higher prevalence: 12.1% of acute lymphoblastic 

leukemiaa patients (p=0.011), 18.2% of astrocytoma patients (p=0.023), and 14.7% of 

germm cell tumor patients (p=0.046) had a cervical rib anomaly. 

Conclusion:: Prevalence figures for the presence and type of rib anomalies in a large 

groupp of normal Caucasian children were generated. In childhood cancer patients a 

significantlyy higher prevalence of cervical rib anomalies was demonstrated in patients 

withh acute lymphoblastic leukemia, astrocytoma, and germ cell tumors. 
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Introductio n n 
Tumorr predisposition syndromes might account for a larger percentage of childhood cancers than is 

currentlyy estimated. In such syndromes, like Down syndrome and Beckwith-Wiedemann syndrome, 

thee same constitutional genetic defects lead prenatally to an abnormal clinical phenotype of the 

individuall patient, while postnatally they may lead to abnormal cellular proliferation, predisposing 

thee individual for cancer development u . 

Recentlyy a large population of childhood cancer patients was submitted to a detailed clinical morphological 

examination,, showing childhood cancer patients to have a strikingly high prevalence of phenotypic 

abnormalities,, such as supernumerary nipples, café-au-lait spots, abnormal palmar flexion creases, and 

legg length asymmetry (Merks et al, submitted). We reasoned that not only phenotypic abnormalities 

detectablee by clinical examination, but also skeletal anomalies can provide clues for underlying 

constitutionall defects, as has been shown in several conditions 3. Gorlin syndrome can serve as an 

example,, constitutional mutations in the causative Patched-gene leading prenatally to formation of 

specificc phenotypic abnormalities, including skeletal anomalies (calcification of the falx cerebri, jaw 

cysts,, bifid ribs, and vertebral anomalies)4. Postnatally, the same Patched mutations result in abnormal 

cellularr proliferation predisposing the affected individual for basal cell carcinoma B, and several other 

childhoodd cancers, such as rhabdomyosarcoma 6 and medulloblastoma 7. 

Inn children with cancer different radiological techniques are used to establish the diagnosis, the 

extentt of the cancer, or to detect possible complications. These radiological studies can also be 

usedd to search for findings that are not directly related to the primary diagnosis, and may provide 

cluess for the etiology of the tumor. Most children with cancer undergo a chest radiograph as part 

off their oncological work-up, which makes these available for reviewing. Schumacher and co

workerss earlier reported a higher prevalence of rib anomalies in childhood cancer patients, compared 

too a small group of pediatric controls 8. They were able to review a large number of childhood 

cancerr patient radiographs. However, several critical remarks can be made. First of all, definitions 

off the different rib anomalies were unclear. Furthermore nothing is mentioned about blinding of 

thee observers, 'lower thoracic border anomalies' were not scored, and the number of controls is 

low.. Therefore, we decided to firstly generate prevalence figures for the presence of rib anomalies 

onn chest radiographs in control children (normal values), and secondly to analyze chest radiographs 

off an equal large amount of childhood cancer patients, using a well defined terminology, and a 

strictt scoring methodology. 

Material ss  and method s 
Controls s 
Forr the control group we selected all chest radiographs made in children (age 0 - 1 8 years) at our 

hospitall between January 1, 1992 and September 31, 2002 (flow-chart: figure 1). In order to prevent 

thee inclusion of unusual and selected patients referred to our tertiary center, we selected from the 
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Cases: : 
-- Late Effects Clinic 
-- Newly diagnosed 
Total ::  906 cases 

(n=582) ) 
(n=324) ) 

Controls : : 
-- Pediatric chest radiographs 1992 2002 
-- Ordered by defined group of physicians 
-- Normal radiographs 
17,2455 control radiographs 

I I 
Exclusion : : 

Inclusion : : 

-- cases with > 1 X-ray (14,319) 
-- non-Ca ucasian names (1,519) 
-- abnormal findings (361) 
-- technical failures (46) 
-- untraceable (119) 
8811 control s 

1 _ ^ E E 
Randomm mix of radiographs of cases and controls 

n== 1,787 
withh blocking of identity 

I I 
Independen tt  and blinde d revie w of all radiograph s 

byy 2 independen t observer s 
(predefinedd criteria; figure 2) 

I I 
3999 radiographs scored positive 

Centra ll  revie w by all 4 observers : 
2600 radiograph s remaine d positiv e 

Figur ee 1 . Selectio n an d work-u p of cas e an d contro l ches t radiographs . 

totall radiographs only those that were ordered by general practitioners, the general pediatricians at 

thee outpatient ward of our hospital, and physicians at the emergency department. In order to 

preventt recognition of controls by the observers, we selected for patients with asthma or infectious 

diseasess without other major pulmonary or cardiac abnormalities on their radiographs, by searching 

alll radiology reports for the words: 'asthma', 'bronchitis', 'airway', 'COPD' (in former times commonly 

usedd in the Netherlands as a general term for asthma and bronchitis), 'no', or 'clear'. The words 'no' 

andd 'clear' were selected for they were found to be most specific in describing normal chest radiographs 

inn radiology reports. Using the above selection criteria 17,245 chest radiographs were selected. 

Subsequentlyy all patients with more than one radiograph (either chest radiographs or other imaging 

studies,, n= 14,319) were excluded, again to prevent the inclusion of unusual and selected patients. 

Itt is well known that phenotypic characteristics vary considerably depending on ethnic background 9. 

Indeedd several larger studies on phenotypic characteristics focused on single ethnic groups 1012. 
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Althoughh never specifically investigated it is very likely that the same differences hold for abnormalities 

involvingg ribs. Differences found in prevalence figures for rib anomalies among subjects from different 

Europeann countries are in concert with this assumption 1B. Registration of ethnicity is not allowed in 

thee Netherlands, so this information was not available. Therefore, to prevent a large disturbance by 

thee ethnic background, we excluded all patients with clearly non-Caucasian names (n=1,519). All 

namess were independently reviewed by two observers; all Western-European names were included, 

whilee all names with clearly another background, for example African and Asian, were excluded. In 

casee of doubt the patient was excluded. 

Subsequently,, the radiology reports were again screened, but this time for describing abnormalities 

otherr than rib anomalies (e.g. cardiomegaly, or signs of previous surgery), excluding 361 radiographs. 

AA further 119 radiographs were untraceable, and 46 radiographs could not be evaluated because of 

technicall reasons: radiographs were only included if all ribs were visible, the vertebral column was 

depictedd from at least C6 until L I , and radiographic techniques were adequate. This way a total of 

8811 chest radiographs of normal pediatric controls remained available. 

Too check whether this strategy was correct, diagnoses of 200 randomly selected controls were retrieved 

fromm their patient charts. Of the 200 patients 35 were referred by their general practitioner for a 

radiographh only, and never had a chart; diagnoses of the other 165 controls are listed in table 1. 

Tablee 1. Diagnose s of 165 controls . 

Diagnosi ss  Number of cases 

Airwayy infection or persistent coughing 33 
Asthmaa - atopy 44 
Tonsillitiss - adenoiditis 8 
Traumaa 7 
Cardiacc murmur 10 
Gastro-entericc problems 10 
Malaisee 5 
Lymphadenopathyy 6 
Infectionn (other than airway) 16 
Prematurityy 1 
Downn syndrome 1 
Otherr 21 
Unknownn 3 
Totall 165 

Cases s 
Wee reviewed chest radiographs of two patient cohorts: the first cohort consisted of all Caucasian 

patientss who visited the clinic for Late Effects of Childhood Cancer at our center. This outpatient 

clinicc follows all persons treated as a child for cancer and in complete remission for at least five years. 

Thee second cohort consisted of all Caucasian children newly diagnosed with malignancies at our 

centerr between January 1, 1998 and December 31, 2002. All available chest radiographs of these 

patientss were retrieved. If more than one chest radiographs of a patient were available, the first 

radiographh taken at diagnosis was selected for review. In total, 906 chest radiographs were reviewed, 
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5822 from the Late Effects Clinic, and 324 from newly diagnosed patients. Permission for the study 

wass obtained from the Medical Ethical Committee of our hospital. 

Definitions s 
Definitionss of rib anomalies were based on two major reference studies 1314, and a reference chart 

wass developed depicting schematically all possible rib anomalies that can be scored on a chest 

radiographh (figure 2). Only aplasia of 12th ribs and presence of lumbar ribs were not depicted, as 

thesee anomalies needed no further clarification. Six major groups of rib anomalies were defined: 1. 

Cervicall anomalies, including Transverse Apophysomegalies (TA) and true Cervical Ribs <CR), 2. Aplasia 

off the 12th ribs (AT), 3. Lumbar ribs (LR), 4. Bifid ribs or bifurcations, 5. Synostosis or bridging of ribs, 

andd 6. Segmentations. TA of C7 were diagnosed if the processus transversus of C7 extended more 

laterallyy than the processus transversus of T1 on a radiograph with the head of the patient not 

turnedd sideward. CR were registered only if also an articulation was visible (figure 2), the same 

principlee applying for LR. Representative radiographs from the present study showing the major 

anomaliess are shown in figure 3. 

Radiologicc Techniques 
Ass this is a retrospective study chest radiographs from different clinical settings were used. Therefore 

aa mix of radiographic techniques ranging from AP bed radiographs to upright PA chest radiographs 

wass available for review. Digital radiography was only introduced as the standard method for children 

att our center in 2002. In order to limit the influence of digital radiography, i.e. the possibility to 

changee window and level width on the screening console, digital radiographs were evaluated from 

hardd copy. 

Reviewingg Radiographs 
Chestt radiographs from cases and controls were randomly mixed, and any patient identity information 

visiblee on the radiographs was blocked, in order to prevent recognition (Figure 1). The panel of 

observerss consisted of two pediatric radiologists, a musculoskeletal radiologist and a pediatrician-

clinicall geneticist, all skilled in evaluating skeletal anomalies. Each radiograph was independently 

reviewedd by two of these observers, each working independently from one another. Radiographs 

whichh were scored as abnormal by one or both observers, were selected for central review by all four 

observers.. Those anomalies which all reviewers agreed on, were scored definitively as such. If the 

panell remained in doubt about a finding, this finding was not scored. 

Thee interobserver variation for the different rib anomalies, and different observer teams was calculated. 

Too evaluate the influence of visible tumors, central venous lines, signs of surgery, or other signs 

indicatingg the patient's clinical background on the reviewing process, these possible clues were 

registeredd by the observers. 
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Partt  I: Cervica l anomalie s 

Partt  II: Synostosi s and Bridgin g 

Partt  III: Bifurcatio n 

Partt  IV: Segmentatio n 

Figur ee 2. Referenc e char t of all rib anomalie s tha t can be score d on a ches t radiograph , adapted from 
Couryy and Delaporte 14. {Part I: Cervical anomalies a. transverse apophysomegaly, b. rudimentary cervical rib, c, 
d,, e, and g. cervical rib, f. cervical rib with synostosis to 1st rib, h. cervical rib with synostosis to 1st rib and 
articulation,, i. bi-segmented cervical rib; Part II: Synostosis and Bridging: a, b, c, d. anterior synostosis, e. 
deviationn and complete synostosis, f. deviation and synostosis with articulation, g. deviation and complete 
synostosis,, h. deviation and shoulder synostosis, i. shoulder bridging, j . bridging with articulation, k, I, m, n, p. 
bridging,, o. bridging and shoulder synostosis; Part III: Bifurcation: a. bifid rib with pseudo perforation, b. Y-
formedd bifurcation, c. shoulder bifurcation, d. U-formed bifurcation; Part IV: Segmentation: a. tri-segmentation, 
b,, c. bi-segmentation with articulation, d. interruption). 
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Figur ee 3. Representativ e radiograph s fro m the presen t stud y showin g the majo r anomalies . 
A.. Transverse apophysomegaly present bilateral onC7. Note the size of the transverse process C7 compared toT1. 
B.. Cervical rib (rights side) and rudimentary cervical rib (left side) present in one case. C. Aplasia of 12th ribs; only 11 
ribb pairs are present. D. Lumbar ribs, bilateral. E. Bifurcation at the anterior part of the fourth rib on the left side. F. 
Bridging-synostosiss of first and second ribs on the right side. G. Segmentation of the tenth rib on the left side. 
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Statistic s s 
Powerr calculations were used to determine the size of the study groups. A two group %2 test with a 

0.0500 two-sided significance level will have 80% power to detect the difference between a Group 1 

proportion,, p r of 0.005 and a Group 2 proportion, p2, of 0.02 (odds ratio of 4.061) when the 

samplee sizes are 861 and 861 respectively (a total sample size of 1,722). 

Prevalencess of the 6 major rib anomalies in the 12 larger tumor groups (n>20, table 3) were compared 

too controls using Chi-square tests (SPSS version 11.5, U.K. 2003). A difference was considered 

statisticallyy significant if the two-tailed p-value was <0.05. 

Result s s 
Male-femalee ratios for 881 pediatric controls and the 906 pediatric cancer patients were comparable 

(1.266 and 1.13, respectively). The mean age was 4.8 years for controls (standard deviation 4.9), and 

8.44 years for cases (standard deviation 6.6). 

Threee hundred ninety nine positively scored radiographs were centrally reviewed by all 4 observers 

reducingg the number of positively scored radiographs from 399 (216 cases and 183 controls) to 260. 

Inn total 270 rib anomalies were found on these 260 radiographs. Nine radiographs had a combination 

off cervical ribs, with aplasia of the 12th ribs, one of those also had a bifurcation. The various anomalies 

andd their frequencies are shown in table 2. The overall prevalence of rib anomalies in cases and 

controlss was equal: in 135 out of 906 cases (14.9%) and 125 out of 881 controls (14.2%) an 

anomalyy was found (table 2). Cervical anomalies were found significantly more frequent in the 

patientt group (p-value=0.047); 78 of 906 cases (8.6%) had a cervical anomaly versus 54 of 881 

controlss (6.1%). To analyze the nature of the tumor groups that accounted for this difference, the 

prevalencee of cervical anomalies was calculated for the 12 main tumor groups (n>20) (table 3). 

Tablee 2. Prevalenc e of 6 major rib anomal y categorie s in cases and control s 

Anomal y y 

1.. Cervical anomaly 
-Transversee apophysomegaty (la) 
-Cervicall rib 

-Rudimentaryy cervical rib (lb) 
-Cervicall rib (Ic-g) 

2.. Aplasia 12th ribs 
3.. Lumbar ribs 
4.. Bifurcation 

-Bifidd rib with pseudoperforation (Ilia) 
-Y-formedd bifurcation (Nib) 
-Shoulderr bifurcation (lllc) 

5.. Synostosis-Bridging 
-Synostosiss (Ha) 
-Synostosiss (lib) 
-Bridgingg (lim) 

6,, Segmentation 
-Bisegmentationn with articulation (IVb) 

Casess n=906 

78 8 
57 7 
21 1 

2 2 
19 9 
48 8 

8 8 
5 5 

5 5 
2 2 

(%) ) 

(8.6) ) 
(6.3) ) 
(2.3) ) 
(0.2) ) 
(2.1) ) 
(5.3) ) 
(09) ) 
(0.6) ) 

(0.2) ) 

(0.1) ) 

Control ss  n=881 

54 4 
34 4 
20 0 

7 7 
13 3 
58 8 
8 8 
6 6 
2 2 
1 1 
3 3 
3 3 
1 1 
1 1 

0 0 

(%) ) 

(6.1) ) 
(3.9) ) 
(2.2) ) 
(0.8) ) 
(1.4) ) 
(6.6) ) 
(0.9) ) 
(0.7) ) 

(0.3) ) 

0 0 

p-valu e e 

(X2) ) 

0.047 7 

NS S 
NS S 
NS S 

NS S 

NS S 
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Tablee 3. Prevalenc e of cervica l anomalie s in 12 large r tumo r group s compare d to thei r prevalenc e in 881 
controls . . 

Tumo r r 

Neuroblastoma a 
Germm cell tumor 
Rhabdomyosarcoma a 
Nephroblastoma a 
Osteosarcoma a 
Ewingg sarcoma 
Medulloblastoma a 
Astrocytoma a 
Hodgkinn Disease 
Acutee myeloid leukemia 
Acutee lymphoblastic leukemia 
Non-Hodgkinn lymphoma 
Otherr malignancies 
Total l 

Numbe rr  of patient s 

61 1 
34 4 
68 8 

133 3 
48 8 
39 9 
21 1 
22 2 
92 2 
26 6 

132 2 
106 6 
124 4 
906 6 

Frequenc y y 

6 6 
5 5 
5 5 

13 3 
3 3 
3 3 
2 2 
4 4 
5 5 
0 0 

16 6 
8 8 
8 8 

78 8 

(%) ) 

9.8 8 
14.7 7 
7.4 4 
9.8 8 
6.3 3 
77 7 
9.5 5 

18.2 2 
5.4 4 
0.0 0 

12.1 1 
7.5 5 
6.5 5 
8.6 6 

p-valu ee (x2) 

0.252 2 
0.046 6 
0.687 7 
0.115 5 
0.973 3 
0.692 2 
0.524 4 
0.023 3 
0.791 1 
0.193 3 
0.011 1 
0.570 0 
00 889 
0.047 7 

Threee groups showed a significantly higher prevalence of cervical anomalies compared to control 

patientss (6.1 %): Acute Lymphoblastic Leukemia (ALL) patients (12.1 %; p=0.011), Astrocytoma (AST) 

patientss (18.2%; p=0.023), and Germ Cell Tumor (GCT) patients (14.7%; p=0.046). No significant 

differencess were found for any of the other 5 categories of rib anomalies and the different tumor 

groups. . 

Ass all chest radiographs were evaluated independently by 2 observers (in different couples) the 

interobserverr variation was determined for the 6 major groups of rib anomalies in 1,787 radiographs. 

Adequatee kappa scores were found for cervical rib anomalies (0.46), synostosis and bridging (0.56) 

andd for segmentations (0.40). Less adequate kappa scores were registered for lumbar ribs (0.33), 

aplasiaa of 12 th ribs (0.32), and for bifurcations (0.34). Taking the low prevalence of the individual 

anomaliess into account, comparing them to the maximal possible value of kappa 15, revealed the 

followingg kappa scores: 0.50 for cervical rib anomalies, 0.80 for synostosis and bridging, 0.50 for 

Stud y y 

Steine rr  16 

Etter 17 7 

Sycamor ee 18 

Pionnie rr  13 

Schumache rr  s 

Thiss Stud y 

Popula t t 

38,105 5 
40,000 0 
2,000 0 
10,000 0 

200 0 
1,000 0 
881 1 
906 6 

ion n 

AC C 
AC C 
AC C 
AC C 
CC C 
PCP P 
CC C 
PCP P 

Casess wit h anomalie s 

(%) ) 

0.16 6 
1.36 6 
2.8 8 

5.72 2 
5.5 5 

21.8 8 
14.2 2 
14.9 9 

CA A 

(%) ) 

0.05 5 
0.17 7 
0.5 5 
2.34 4 
4.5 5 
20.4 4 
6.1 1 
8.6 6 

TA A 

(%) ) 

1.89 9 

3.9 9 
6.2 2 

CR R 

(%) ) 

0.05 5 
0.17 7 
0.5 5 

0.84 4 

2.2 2 
2.4 4 

LR R 

<%) ) 

0.04 4 

O.OO* * 

0.9 9 
0.9 9 

Tablee 4. Literatur e overvie w of prevalenc e of rib anomalie s in control s and pediatri c cancer patient s 
(CA:: Cervical Anomaly, TA: Transverse Apophysomegaly, CR: Cervical Rib, LR: Lumbar Rib, AT: Aplasia of Twelfth 
rib,, Bl: Bifurcation, B-S: Bridging-Synostosis, S: Segmentation, F: review focused on rib anomalies, D: definitions 
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segmentations,, 0.40 for lumbar ribs, 0.43 for aplasia of 12th ribs, and 0.38 for bifurcations. Kappa 

scoress for the different observer couples were very similar (data not shown). 

Cluess for radiographs to be of case or control origin were noted in 270 out of 906 case radiographs. 

Inn positively scored case radiographs (n=207) clues were reported in 70 subjects (33.8%), and in the 

6999 case radiographs without rib anomalies 200 clues (28.6%) were noted, the difference being not 

statisticallyy significant. 

Ass mean ages of cases and controls differed, and age might be of influence on the ability to recognize 

ribb anomalies because of different degrees of maturation, we evaluated the influence of age on the 

scoringg of rib anomalies. Mean ages of the total group of cases and controls, with and without 

anomalies,, were comparable (7.1 years and 6.5 years, respectively). 

Discussio n n 
Wee have generated normal values for rib anomalies in a large group of Caucasian control children 

(tablee 2). The overall prevalence of rib anomalies in the cohort of 881 pediatric controls was 14.2% 

(125/881),, which is higher than reported in the major reference adult control population (5.72%) 

fromm 1956 by Pionnier and Depraz 13 (table 4). As patients with asthma or atopic constitution 

accountt for a considerable portion of controls in our cohort (44/165, table 1), there might be a 

relationn between these conditions and the presence of rib anomalies. However, despite the fact that 

inn asthma patients radiography of the chest is often performed, a relation between asthma and rib 

anomaliess has never been reported (PubMed 1966-2004). Also in our own cohort, no differences in 

thee prevalence of rib anomalies were found between asthma patients and other controls. As 

radiographss in the Swiss study 13 d id not permit an adequate j u d g m e n t of aplasia of the 12 t h 

thoracicc ribs or presence of lumbar ribs ( together 5 1 . 2 % of the to ta l number of anomalies in the 

presentt study), this most likely explains the dif ference in overall prevalence f igures: if w e exclude 

anomaliess of the lower thoracic ribs in the present study, the prevalence of anomalies in controls is 

ATT BI B-S S Qualit y assessmen t 
(%)) {%) (%) (%) 

0.011 0.01 - - +/-

0.00* * 

6.6 6 
5.3 3 

0.64 4 
1.0 0 
1.07 7 
0.5 5 
2.1 1 
0.8 8 
0.6 6 

0.27 7 
0.2 2 
0.39 9 

0 0 
0.5 5 
0.3 3 
02 2 

0.2? ? 

0 0 
0.1 1 

+/--
+/--
+ + 

V--
+/--

7 7 

? ? 
? ? 
? ? 
? ? 

clear,, B: blinding of observers, C: central review, O: number of observers, AC: Adul t Controls, PC: Pediatric 
Controls,, PCP: Pediatric Cancer Patients, ^radiographs in this study did not al low adequate judgment of the lower 
thoracicc border). 
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similarr to the Swiss study (i.e. 7.2%) 13. There are several other control studies 1618 (table 4), often 

lackingg clear definitions of the anomalies, or without a clear description of their review methods and 

populationn characteristics. This precludes a more detailed comparison. 

Thee ideal control group for the evaluation of rib anomalies in children would be a large set of 

radiographss made in school children without any medical problem. However, such a study would be 

unethical,, as it would mean to make radiographs only for research purposes in otherwise healthy 

children.. The next best study design is in our view a study performed in children referred by general 

practitionerss and general pediatricians for chest radiographs on a common indication, in order to 

minimizee the contribution of special patient groups visiting a tertiary center like our Center. In order 

too further minimize the contribution of patients with special disorders all patient with more than one 

radiographh were also excluded. 

Itt may be rightfully reasoned that digital radiography would have allowed a superior evaluation of 

ribb anomalies. However, digital radiography was only introduced as the standard method for children 

att our center very recently, preventing such a study in our center, as it will in many other centers 

aroundd the world. The normal values presented here only apply for conventional radiography. We 

encouragee future, similar studies using digital radiography. 

Wee also demonstrate a significantly higher prevalence of cervical rib anomalies in a large cohort of 

childhoodd cancer patients compared to controls. The difference was found only in patients with 

acutee lymphoblastic leukemia, astrocytoma, and germ cell tumor, suggesting that cervical rib anomalies 

aree tumor specific. These results support our hypothesis, that constitutional genetic defects, 

environmentall factors, or combinations of these, are more frequently involved in pediatric oncogenesis 

thann currently estimated. 

Ourr results are in concert with the results of the study by Schumacher et al 8 who reviewed chest 

radiographss of 1,000 childhood cancer patients and 200 controls. They also found rib anomalies to 

bee significantly more prevalent in leukemia and brain tumor patients. Significant higher prevalences 

weree also detected in Ewing sarcoma (p<0.01), Wilms tumor, soft tissue sarcoma, and neuroblastoma 

patientss (latter three p<0.001). Although the higher prevalence found in neuroblastoma and Wilms 

tumorr patients could be confirmed by our results, statistical significance was not reached. Overall 

prevalencee figures of rib anomalies for controls in both studies are comparable. However, in children 

withh cancer Schumacher and co-workers found prevalences 2.5 to 4 times higher compared to our 

results,, for all major anomaly groups, except for anomalies of the 12th ribs, which were not scored in 

thee Schumacher study. This led to a strikingly higher overall prevalence of rib anomalies in the 

childhoodd cancer group compared to controls: 242 anomalies were found in 218/1,000 cases (21.8%) 

comparedd to 11 rib anomalies in 11/200 controls (5.5%). This difference in overall prevalence figures 

couldd not be confirmed by our results, the overall prevalence being equal in cases and controls 

(14.9%% and 14.2%, respectively). If anomalies of 12th ribs are discarded in our study as this was 

donee in the Schumacher study, 78 cases (9.5%), and 63 controls (7.2%) have a rib anomaly (p=0.073). 
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AA second explanation for the difference in prevalence figures for both cancer groups might be 

explainedd by differences in study group size. Therefore, we calculated overall prevalence by using 

thee prevalence figures for the different rib anomalies in the tumor groups in the Schumacher study, 

andd applying these to our relative tumor group sizes. This leads to an overall prevalence of 18.7%, 

stilll twice as high as in the present study. Yet another explanation could be that in the Schumacher 

studyy observers were not blinded for the origin of the radiographs {case or control), possibly introducing 

aa bias to overestimation of anomalies in cases. Furthermore, the study does not mention the definitions 

off abnormalities, the number of observers that scored a radiograph, and whether observers were 

blindedd for each other's results, all of which was performed in the present study. Additionally, we 

discussedd all positively scored radiographs during central reviews, by all 4 observers: only those 

anomalies,, of which all observers agreed on, were registered as anomalies. This reduced the number 

off radiographs with anomalies (in both cases and controls) significantly. Lastly, despite the strict 

methodss in the present study, kappa scores weree only moderate to reasonable for the different rib 

anomalies,, indicating the difficulty of scoring of rib anomalies in the pediatric age group. No differences 

inn kappa scores were found for the different observer couples, and kappa scores for the first 250 

chestt radiographs were equal to those for the last 250 radiographs. All these factors underline the 

difficultyy of scoring rib anomalies on pediatric chest radiographs, and stress the need for multiple 

observerss and a reconciliation process in studies of rib anomalies. We assume that studies performed 

withh less strict methods will more easily allow for scoring errors, and this may be the main explanation 

forr the differences between the German study and the present study. 

Ass the base line risk for childhood cancer is very low, the finding of a cervical anomaly in a patient 

shouldd not alert radiologists to the presence of a malignancy. However, the higher prevalence of 

cervicall rib anomalies in childhood cancer patients may provide clues for the etiology of the different 

malignancies. . 

Thee number of cervical vertebrae in birds, reptiles, and amphibians varies considerably, but the 

numberr in mammals shows an exceedingly low level of interspecies variation. Even giraffes and 

whales,, with their extreme differences in neck length, have the same number of cervical vertebrae as 

humanss 19. Patterning of the axial skeleton in vertebrates is mainly determined by Wox-genes 20, 

whichh are expressed in specific spatial domains along the anterior-posterior axis. Partially overlapping 

HoxHox gene expression domains constitute the so called 'Wox-code', providing a common molecular 

mechanismm for the specification of positional identities21. Disturbances in Hox gene expression can 

leadd to the formation of cervical ribs22, knock-out mutants of Hox genes in mice having an increased 

prevalencee of cervical ribs (i.e. posterior transformation of cervical vertebrae), as has been shown in 

att least four mutants {Hoxa-A, Hoxd-4, Hoxa-S, and Hoxa-6) 22. Transgenic mice overexpressing 

Hoxb-7Hoxb-7 or Hoxb-8, and mice mutants lacking bmiA and me/-18, vertebrate homologs of Drosophila 

Polycomb-GroupPolycomb-Group (Pc-G) genes involved in the regulation of /-/ox-genes, also display cervical ribs23 26. 

Besidess being important regulators of embryonic development, Hox genes also play a role in normal 
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andd malignant hematopoietic processes. The MLL-gene, a structural and functional homologue of 

Trithorax,Trithorax, a Drosophila homeotic regulator, controls the maintenance of expression of Hox genes 

duringg embryogenesis 27. Within the hematopoietic system, Hox genes are expressed in stem cells 

andd immature progenitor cells, but are down regulated in differentiated myeloid cells 2829. In acute 

leukemia,, the MLL gene participates in translocations with more than 40 distinct partner chromosome 

loci.. The translocations result in a gain of MLL function by generating novel chimeric proteins, 

severall with leukemogenic potential 30. MLL-qene translocations are involved in the majority of 

infantilee leukemia 31. Mice with mutations of Pc-G and Trithorax-group (Trx-G) genes, involved in the 

maintenancee of the expression of Hox genes, show both vertebral anomalies (including cervical ribs) 

andd leukemia or lymphoma 26-3233. Although at present there are no models describing the relationship 

betweenn Hoxgenesand astrocytoma or germ cell tumors, relationships with neuroblastoma-, primitive 

neuroectodermall tumor-, and medulloblastoma cell lines exist34. 

Nott only constitutional genetic defects might play a role in altering the anterior-posterior patterning, 

butt also environmental factors might be of influence. Pregnant mice exposed to retinoic acid (RA), 

valproicc acid (VA), bromoxynil (Br) or methanol showed anteriorizations (e.g. lumbar ribs) or 

posteriorizationss (e.g. cervical ribs or aplasia of 12th ribs) of the axial skeleton, depending on the 

gestationall age of the embryo at the time of maternal treatment3536. RA and VA on gestation day 

(GD)) 6 caused posteriorization in the cervico-thoracic region (i.e. cervical ribs), while exposure to RA, 

VA,, or Br on GD 8 caused anteriorization in the thoraco-lumbar area (i.e. lumbar ribs) 36. Gene 

expressionn analysis showed changes in the anterior boundaries of Hoxa7 expression domains in 

embryoss treated on GD 6 and 8 with RA, where the other compounds did not have this effect on 

Hoxa7Hoxa7 expression. 

Anotherr environmental factor influencing /-/ox-expression, and thus shifts of the axial skeleton, is 

maternall hyperthermia. Pregnant mice exposed to heat (immersion in water at C up to 15 minutes, 

onn different days of gestation) gave birth to offspring with changes in anterior-posterior patterning 

off the vertebral column 37. The earlier the heat shock was administered, the more cranially the 

transformationss started off. 

Conclusio n n 
Wee generated normal values for the presence and type of rib anomalies on chest radiographs in a 

largee group of pediatric controls, and found a significantly higher prevalence of cervical rib anomalies 

inn children with specific types of childhood cancer. Alterations of Hox family gene(s) expression are 

goodd candidates for this higher prevalence. The results are in line with a recent, similar study on 

externall phenotypic abnormalities (Merks et al.( submitted). Constitutional genetic defects, 

environmentall factors, or combinations of these, might be more frequently involved in pediatric 

oncogenesiss than currently estimated. 

148 8 



Ribb anomalies in childhood cancer patients 

Acknowledgment s s 
Thee authors would like to thank D. Geurts {medical student) for his help in data acquisition, Prof. 

A.H.. Zwinderman (Department of Clinical Epidemiology and Biostatistics) for his help with statistical 

analyses,, R.J. Oostra (Department of Anatomy and Embryology) for sharing his experience in 

malformationss of the axial skeleton, and C. Bor (AMC Medical Photography and Illustrations) for 

drawingg the reference chart with rib anomaly definitions. 

149 9 



Chapterr 5 

Reference s s 
11 Hasle H, Clemmensen IH, Mikkelsen M. Risks of 

leukaemiaa and solid tumours in individuals with 
Down'ss syndrome. Lancet 2000; 355: 165-169. 

22 DeBaun MR, Niemitz EL, McNeil DE, 
Brandenburgg SA, Lee MP, Feinberg AP. Epigenetic 
alterationss of H19 and LIT1 distinguish patients 
withh Beckwith-Wiedemann syndrome with cancer 
andd birth defects. Am J Hum Genet 2002, 70: 
604-611. . 

33 Glass RB, Norton Kl, Mitre SA, Kang E. Pediatric 
ribs:: a spectrum of abnormalities. Radiographics 
2002;22:87-104. . 

44 Kimoni s VE, Goldstein AM, Pastakia B, Yang ML, 
Kasee R, DiGiovanna JJ et al. Clinical manifestations 
inn 105 persons with nevoid basal cell carcinoma 
syndrome.. [Review], Am J Med Genet 1997; 69: 
299-308. . 

55 Bale AE, Yu KP. The hedgehog pathway and ba
sall cell carcinomas. Hum Mol Genet 2001; 10: 
757-762. . 

66 Kapple r R, Calzada-Wack J, Schnitzbauer U, 
Kolevaa M, Herwig A, Piontek G et al. Molecular 
characterizationn of Patched-associated rhabdomy
osarcoma.. J Pathol 2003, 200: 348-356. 

77 Dong J, Gailani MR, Pomeroy SL, Reardon D, Bale 
AE.. Identification of PATCHED mutations in 
medulloblastomass by direct sequencing. Hum 
Mutat2000,, 16:89-90. 

88 Schumache r R, Mai A, Gutjahr P. Association of 
ribb anomalies and malignancy in childhood. Euro
peann Journal of Pediatrics 1992; 151: 432^34. 

99 Myrianthopoulo s NC, Chung CS. Congenital 
malformationss in singletons: epidemiologic sur 
vey.. Report from the Collaborative Perinatal 
project.. Birth Defects Orig Artie Ser 1974; 10:1-
58. . 

100 Marde n PM, Smith DW, McDonald MJ. Congeni
tall anomalies in the newborn infant, including mi
norr variations. Journal of Pediatrics 1964; 64: 357-
371. . 

111 Méhes K. General characterization of minor mal
formations:: epidemiology in the newborn 
populations.. Minor malformations in the neonate. 
Budapest:: 1983: 17-20. 

122 Leppi g KA, Werler MM, Cann CI, Cook CA, 
Holmess LB. Predictive value of minor anomalies. I. 
Associationn with major malformations. Journal of 
Pediatricss 1987; 110: 531-537. 

133 Pionnie r R, Depraz A. [Congenital rib abnormali
ties;; statistical study of 10,000 radiographs]. 
Radioll Clin 1956; 25: 170-186. 

144 Coury C, Delaporte J. Les anomalies congenitales 
dess cotes. Formes anatomo-radiologiques et 
incidencess pratiques (a propos de 288 cas). Sem 
Hopitt Pans 1954; 30: 2656-2681. 

155 Feinstei n AR, Cicchetti DV. High agreement but 
loww kappa: I. The problems of two paradoxes. J 
Clinn Epidemiol 1990; 43: 543-549. 

166 Steine r HA. Roentgenologic manifestations and 
clinicall symptoms of rib abnormalities. Radiology 
1943;; 40: 175-178 

177 Etter LE. Osseous abnormalities of the thoracic 
cagee seen in forty thousand consecutive chest 
photoroentgenograms.. American Journal of 
Roentgenologyy 1944; 51: 359-363. 

188 Sycamor e LK. Common congenital anomalies of 
thee bony thorax. American Journal of 
Roentgenologyy 1944; 51: 593-599. 

199 Galis F. Why do almost all mammals have seven 
cervicall vertebrae7 Developmental constraints, 
Hoxx genes, and cancer. J Exp Zool 1999; 285: 19-
26. . 

200 Krumlau f R. Hox genes in vertebrate develop
ment.. Cell 1994; 78: 191-201. 

211 Lewi s EB. A gene complex controlling segmenta
tionn in Drosophila. Nature 1978; 276: 565-570. 

222 Horan GS, Kovacs EN, Behringer RR, 
Featherstonee MS. Mutations in paralogous Hox 
geness result in overlapping homeotic transforma
tionss of the axial skeleton: evidence for unique 
andd redundant function. Dev Biol 1995; 169: 359-
372. 372. 

233 Arga o EA, Kern MJ, Branford WW, Scott WJ, Jr., 
Potterr SS. Malformations of the heart, kidney, pal 
ate,, and skeleton in alpha-MHC-Hoxb-7 transgenic 
mice.. Mech Dev 1995; 52: 291-303. 

244 Charit e J, de Graaff W, Shen S, Deschamps J. Ec
topicc expression of Hoxb-8 causes duplication of 
thee ZPA in the forelimb and homeotic transforma
tionn of axial structures. Cell 1994; 78: 589-601. 

255 van der Lug t NM, Domen J, Linders K, van Roon 
M,, Robanus-Maandag E, te RH et al. Posterior 
transformation,, neurological abnormalities, and 
severee hematopoietic defects in mice with a tar
getedd deletion of the bmi-1 proto-oncogene. 
Geness Dev 1994; 8: 757-769. 

266 Akasak a T, Kanno M, Balling R, Mieza MA, 
Taniguchii M, Koseki H. A role for mel-18, a 
Polycombb group-related vertebrate gene, during 
theanteroposteriorr specification of the axial skel
eton.. Development 1996; 122: 1513-1522. 

150 0 



277 Yu BD, Hanson RD, Hess JL, Horning SE, 
Korsmeyerr SJ. MLL, a mammalian trithorax-group 
gene,, functions as a transcriptional maintenance 
factorr in morphogenesis. Proc Natl Acad Sci U S A 
1998;95:10632-10636. . 

288 Sauvagea u G, Lansdorp PM, Eaves CJ, Hogge 
DE,, Dragowska WH, Reid DS et al. Differential ex
pressionn of homeobox genes in functionally dis
tinctt CD34+ subpopulations of human bone mar
roww cells. Proc Natl Acad Sci U S A 1994; 91: 
12223-12227. . 

299 Lawrenc e HJ, Sauvageau G, Ahmadi N, Lopez 
AR,, LeBeau MM, Link M et al. Stage- and lineage-
specificc expression of the HOXA10 homeobox 
genee in normal and leukemic hematopoietic cells. 
Expp Hematol 1995; 23:1160-1166. 

300 Ayto n PM, Geary ML. Molecular mechanisms of 
leukemogenesiss mediated by MLL fusion proteins. 
Oncogenee 2001; 20(40):5695-5707. 

311 Pui CH, Kane JR, Crist WM. Biology and treat
mentt of infant leukemias. Leukemia 1995; 9: 762-
769. . 

322 Alkem a MJ, van der Lugt NM, Bobeldijk RC, 
Bernss A, van Lohuizen M. Transformation of axial 
skeletonn due to overexpression of bmi-1 in 
transgenicc mice. Nature 1995; 374: 724-727. 

333 Yu BD, Hess JL, Horning SE, Brown GA, 
Korsmeyerr SJ. Altered Hox expression and seg
mentall identity in Mil-mutant mice. Nature 1995; 
378::  505-508. 

344 Watt PM, Hoffmann K, Greene WK, Brake RL, 
Fordd J, Kees UR. Specific alternative HOX11 tran
scriptss are expressed in paediatric neural tumours 
andd T-cell acute lymphoblastic leukaemia. Gene 
2003;; 323: 89-99. 

355 Connell y LE, Rogers JM. Methanol causes 
posteriorizationn of cervical vertebrae in mice. Tera
tologytology 1997; 55: 138-144. 

366 Kawanish i CY, Hartig P, Bobseine KL, Schmid J, 
Cardonn M, Massenburg G et al. Axial skeletal and 
Hoxx expression domain alterations induced by 
retinoicc acid, valproic acid, and bromoxynil during 
murinee development. J Biochem Mol Toxicol 
2003;; 17: 346-356. 

377 Li ZL, Chisaka O, Koseki H, Akasaka T, Ishibashi 
M,, Shiota K. Heat shock-induced homeotic trans
formationss of the axial skeleton and associated 
shiftss of Hox gene expression domains in mouse 
embryos.. Reprod Toxicol 1997; 11: 761-770. 





C h a p t e r r 6 6 
PTENPTEN Hamartoma Tumor Syndrome: 

variabilityy of an entity 

Johanness H.M. Merks1, Linda S. de Vries2, Xiao-Ping Zhou5, Peter Nikkels3, 
Peterr G. Barth4, Charis Eng5, and Raoul CM. Hennekam6. 

Journall of Medical Genetics 2003; 40: e111 

11 Department of Pediatric Oncology, "Pediatric Neurology, and 6 Pediatrics and Institute for Human 

Genetics,, Emma Children's Hospital, Academic Medical Center, Amsterdam, The Netherlands. 
22 Department of Neonatology and 3 Pathology, Wilhelmina Children's Hospital, Utrecht Medical 

Center,, The Netherlands.5 Clinical Cancer Genetics Program and Human Cancer Genetics Program, 

Comprehensivee Cancer Center, Division of Human Genetics, Department of Internal Medicine, The 

Ohioo State University, Columbus, Ohio, USA. 



Chapterr 6 

Abstrac t t 
Cowdenn syndrome (CS), Bannayan-Riley-Ruvalcaba syndrome (BRRS), Proteus and 

Proteus-likee syndrome are entities that can show remarkable clinical overlap, and are 

alll shown to be caused by germline PTEN mutations (80% of CS cases, 60% of BRR 

cases,, up to 20% of Proteus syndrome cases, and 50% of Proteus-like cases). We 

describee four members of a single family with a heterogeneous phenotype, that at 

presentt most closely fits BRRS, although further development of symptoms with time 

mayy eventually lead to the diagnosis CS. AN four cases were shown to harbour the 

samee PTEN mutation (IVS5+1delG). One of the cases was first suspected of having 

Jadassohnn naevus sebaceous syndrome, a diagnosis which was refuted only after the 

birthh of the other family members and PTEN mutation analysis. This patient also had 

aa hemimegalencephaly, not reported before in a case with BRRS or CS. No loss of 

heterozygosityy was found in the megalencephalic part of the brain. 

Thee family can best be classified by the molecular cause as having PTEN Hamartoma 

Tumourr Syndrome (PHTS). Hemimegalencephaly as part of Jadassohn naevus 

sebaceouss syndrome can be added as further manifestations of germline PTEN 

mutations. . 
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Introductio n n 
Cowdenn syndrome (CS [MIM 158350]) is an autosomal dominant disorder with age related penetrance 

characterizedd by mucocutaneous lesions, macrocephaly and an increased risk of cancer especially 

thosee of the breast, thyroid and endometrium 1*2. The phenotype in CS has proven to be highly 

variable,, which became especially evident after identification of the susceptibility gene PTEN3A. This 

iss also shown in the change in incidence figures, which were found to be at least 5 times higher 

afterr PTEN was identified (estimated incidence before PTEN identification 1:1,000,000 5, and 

afterwardsafterwards >1:200,000 6 7) . Bannayan-Riley-Ruvalcaba syndrome (BRRS [MIM 153480]) is allelic to 

CSS and characterised by the triad of macrocephaly, lipomas, and pigmented macules of the glans 

peniss 8. Proteus syndrome (PS [MIM 176920]) is a disorder characterised by overgrowth of hands 

and/orr feet, asymmetry of limbs, connective tissue and epidermal naevi, vascular and lymphatic 

malformations,, and cranial hyperostosis 8. Another closely related disorder is Proteus-like syndrome 

wheree individuals are characterised by the presence of macrocephaly, lipomas and overgrowth, 

nott meeting the criteria for CS, BRRS, or PS 8. Germline PTEN mutations have been found in 80% 

off individuals with CS, 60% of individuals with BRRS, up to 20% with PS, and 50% with Proteus

likee syndromes 9J0. 

Here,, we present a family (a mother and her three sons) in which phenotype was extremely 

variable,, one member having macrocephaly, normal intelligence, and minimal pigmentation 

abnormalities;; another member with macrocephaly with developmental delay; another with 

macrocephaly,, delay and lipoma; and a last member having hemimegalencephaly (HME), Jadassohn 

naevuss sebaceous, and neonatal demise. All were found to have the same germline mutation in 

PTEN. PTEN. 

Casee report s 
Casee 1 
Thee proband was the 3rd-born child of non-consanguineous parents. His two older sisters were 

healthy.. Prenatal routine sonography showed a unilateral ventricular dilatation. He was born preterm 

att 32 2/7 weeks, possibly in part because of the positive discrepancy due to the macrocephaly. 

Weightt at birth was 2,620 g (97th centile) and occipitofrontal circumference (OFC) was 38 cm (5 

cmm > 98th centile). APGAR scores were 4 and 5 after 1 and 5 minutes, respectively. Respiratory 

insufficiencyy urged immediate artificial ventilation. Physical examination showed his skull to be 

severelyy asymmetric, bulging to the left, and ipsilateral linear naevi on nose and forehead (Fig. 

1a).. He developed hemiconvulsions which did not respond to therapy, and caused progressive 

cardiorespiratoryy problems. Ultrasonography and CT-scanning of the brain showed ipsilateral 

hemimegalencephaly,, irregular lateral ventricular dilatation and periventricular calcifications adjacent 

too the dilated ventricle (Fig. 1b). The seizures were uncontrollable and eventually led to an early 

demisee on the third day of life. Autopsy showed left-sided unilateral megalencephaly (total brain 
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Figur ee 1a Linear naevi on the nose and below the left 
eye,, ipsilateral to the hemimegalencephaly (case 1). 
Thiss picture was published earlier27. 

Figur ee 1b CT-scan of the brain, showing 
hemimegalencephaly,, irregular lateral ventricular 
dilatationn and periventricular calcifications adjacent to 
thee dilated ventricle (case 1). 

Figur ee 1c Autopsy showed left-sided unilateral 
megalencephaly,, periventricular cysts and an extremely 
thickk cortex, the left side showing pachygyria (case 1). 

weightt 510 g; normal for gestational age 217 

+/-- 49 g), periventricular cysts and an extremely 

thickk cortex, the left side showing pachygyria 

(Fig.. 1c). Microscopy of this side of the brain 

showedd haphazardly arranged neurons, lacking 

thee normal arrangement in 6 layers. The child 

wass diagnosed as having Jadassohn naevus 

sebaceouss (MIM 163200) 8. The parents were 

givenn a low recurrence risk for similar problems 

inn future offspring. 

Casee 2 

Casee 2 was born at term after an uneventful 

pregnancy.. His large head caused a cephalo-

pelvicc discrepancy, making a vacuum extraction 

necessary.. APGAR scores were 3 and 9 after 1 

andd 5 minutes, respectively. His weight was 4,720 

gg (> 97 th centile) and OFC was 38.5 cm (2cm > 

98 t hh centile). Brain ultrasonography in the 

neonatall period showed dilated lateral ventricles. 

Hiss height increased following the 50th centile, 

hiss macrocephaly persisted, remaining at > 98 th 

centile.. He had a single febrile convulsion at 9 

monthss of age. At 12 months of age, he was 

firstt seen because of mild developmental delay 

andd his elder brother's diagnosis of Jadassohn 

naevuss sebaceous. His cognition was estimated 

too be normal, but his motor development was 

delayed.. Physical examination showed the 



Figur ee 2 

Figur ee 2a Bi-coloured left iris (case 2), not reported 
beforee in a CS/BRRS patient. 

Figur ee 2b Macrocephaly and prominent forehead 
(casee 3). 

Figur ee 2c Pigmentation abnormalities of the skin 
(casee 4). 

Variabilityy in PTEN hamartoma tumor syndrome 

macrocephalyy and also a bi-coloured left iris (Fig. 

2a).. His development remained somewhat 

delayedd thereafter, although he was able to 

attendd regular education. Formal intelligence 

testingg showed his IQ to be at the lower range 

off normal. Around 30 months of age, he 

developedd 2 lipomata, one on his left lower 

abdomen,, the other in the right paravertebral 

area.. Both were surgically removed. At the age 

off 36 months, he was found to have absences 

andd atonic seizures. Electroencephalograph 

(EEG)) studies revealed b i tempora l focal 

anomalies,, but no spikes. Other electrophysio

logicall studies (ElectroMyoGraphy, ElectroRetino-

Graphy,, Visual Evoked Potentials, and Brainstem 

Evokedd Potentials) gave normal results, as did 

sonographyy of the kidneys. A full metabolic 

screeningg of urine, plasma, and spinal fluid did 

nott show any abnormality. The brain MRI scan 

demonstratedd dilated lateral ventricles, widened 

perivascularr spaces but otherwise a normal 

corticall architecture. 

Casee 3 
Thee third brother presented to us at the age of 

99 years because of developmenta l delay, 

macrocephaly,, and the family history. Pregnancy 

andd delivery were uneventful. Weight at birth 

wass 4,750 g. (> 97 th centile), OFC was 37 cm 

(98 t hh centile). He had a slow psychomotor 

development,, being able to walk at the age of 

3.55 years. He entered special schooling. A t 

physicall exam at 9 years, he had an OFC of 60 

cmm (3.5cm > 98 th centile), a prominent forehead, 

butt otherwise no minor anomalies, neurologic 

orr skin abnormalities (Fig. 2b). EEG studies and 

brainn MRI scanning gave normal results. 
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Casee 4 
Thee mother of the 3 boys was of Caucasian descent. Pregnancy and delivery were uneventful, 

noo reliable data on body measurements in the neonatal period were available. She stated that 

shee always had a large head circumference. Her cognitive development had been normal, and 

followedd normal schooling. At the age of 35 years, she was found to be macrocephalic (OFC 

63.22 cm; 4cm > 98th centile). Her skin had pigmentation abnormalities (Fig. 2c), and she had 

largee breasts. Sonography showed multiple mammary cysts. A complete work-up failed to show 

anyy other signs or symptoms of CS. 

Herr family history showed that she had 2 brothers, both with unusually large heads, even as children. 

Theyy were not available for further investigations. History revealed that her mother had had a normal 

headd size, and no specific pigmentation abnormalities. Her father had had a very large head 

necessitatingg him to order custom made hats if needed. He was not known to have had pigmentation 

anomalies.. He developed fatal lung carcinoma at the age of 68 years, with secondary brain metastasis. 

Hee was a smoker. No reliable data on other family members were available. 

Molecularr studies 
Becausee of the combination of macrocephaly (4/4), pigmentation anomalies (2/4), megalencephaly 

(2/4),, lipoma (1/4), and developmental problems (2/3 in this single family ), a leading diagnosis 

wass CS/BRRS, and PTEN mutation analysis was performed, after appropriate informed consent. The 

motherr and her 3 affected sons all showed the same germline PTEN mutation, IVS5+1delG (case 1: 

liverr tissue; all others: lymphocytes). As the hemimegalencephalic part of the brain of case 1 might 

havee arisen due to loss of the remaining wild-type allele (Loss-Of-Heterozygosity; LOH), mutation 

analysiss was performed in a biopsy of the autopsy material. However, no LOH was found. 

Discussio n n 
Wee describe a family in which 4 different members had findings that fitted CS/BRRS, and who 

weree all shown to harbour a germline PTEN mutation. This germline PTEN mutation IVS5+1delG 

hass been reported at least once before in a proband with CS 11. The deletion of one of the two 

canonicall splice signals is predicted to result in an aberrant splice, and thus, is almost certainly 

pathogenic.. Due to the presence of linear verrucous pigmented naevi and hemimegalencephaly, 

casee 1 was first suspected of having Jadassohn naevus sebaceous syndrome 8, a clinical diagnosis 

whichh was disproved only after the birth of the other affected sibs and the molecular PTEN analysis. 

Wee have tested two other affected patients with Jadassohn naevus sebaceous syndrome, but did 

nott find a PTEN mutation in them (Eng and Hennekam, unpublished data). The hemimegalencephaly 

(HME)) in case 1 is unusual and has not been reported in a case with CS/BRRS before. Flores-Sarnat 

reviewedd HME and proposed a classification system in three types: isolated HME, syndromic HME 

andd total HME 12. The present case 1 should be classified as having the syndromic type. HME was 
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foundd to have a heterogeneous cause, as several neurocutaneous syndromes have been described 

presentingg with HME. To this, CS/BRRS can be added. 

Hamartomass in CS affect derivatives of all three germ layers 13, but it is not clear why overgrowth in 

PTENPTEN Hamartoma Tumour Syndrome (PHTS), for example Proteus syndrome, may be patchily 

distributed.. This may be dependent on the pattern of genetic and epigenetic alterations subsequent 

too the germline mutation 14. Mutation analysis of autopsy material of the brain of case one did not 

showw LOH of PTEN. This is in line with the results reported by other groups where LOH was found 

inn different percentages in tumours and hamartomas: LOH was found in 130 out of 145 cases with 

informativee tumours 15, in all four tested tumours from one individual 16, in 3 of 11 CS individuals 

withh 20 hamartoma 17, and in four out of six skin hamartomas from one CS individual 18. 

Thee operational diagnostic criteria for CS have been revised in 2000 by the International Cowden 

Consortiumm 1. In the present family, no single case fulfilled these criteria. However, the typical skin 

findingss pathognomonic for CS usually develop only in the second decade of life (or later), and 

threee out of four famiiy members were younger than ten years old. The same principle applies for 

thee increased cancer risk. If the findings of all family members were taken together, then criteria 

mayy be approached. The family can also be classified clinically as BRRS 10-14-19. Recently three 

patientss with Benign Familial Macrocephaly (macrocephaly and delayed motor milestones) were 

reportedd to harbour a PTEN mutation, one of these patients having a juvenile polyp 20. Together 

withh the present observation, this points to a more wide indication to perform PTEN mutational 

analyses.. Therefore, with the broadening clinical spectra associated with germline PTEN mutations, 

itt has become more useful to use a molecular-based approach: an individual found to carry a germline 

PTENPTEN mutation should be classified as having PHTS, irrespective of clinical presentation 1-9. Clinicians 

aree urged to manage all PHTS individuals as having CS with respect to cancer risk and surveillance. 

Thee increased risk in CS of developing malignancies mainly involves breast cancer, epithelial thyroid 

cancer,, and endometrial carcinoma ^21'22. The risk for breast cancer is increased in CS 23'26 as well as 

aa lowering of the mean age at diagnosis, 10 years (or more) earlier compared with the general 

populationn 23-25. The mother of the presented proband is now being screened for cancer according 

too the guidelines of the NCCN 2. Her affected sons will enter the screening program at 18 years of age. 

Inn conclusion, we have found a germline PTEN mutation in a family, of whom none of the individual 

affectedd members fulfilled the international diagnostic criteria for CS. In the presence of a PTEN 

mutation,, the family can be classified as having PHTS, with all implications for further medical 

management.. Hemimegalencephaly as part of Jadassohn naevus sebaceous syndrome may be 

anotherr phenotypic finding associated with germline PTEN mutation. 
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Wee report a family with concurring disorders including neuroblastoma in the first 

childd conceived by in-vitro fertilization with history of sodium valproate use by the 

motherr during pregnancy and mosaic trisomy 22 in the third child. We discuss the 

possibilityy of an association between the disorders but conclude that no firm aetiological 

connectionn can be established between the different disorders in this family. 
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Discussion n 





Neuroblastomaa and mosaic trisomy 22 in sibs 

inn children born after IVF 8. However, four cohort studies, the first being Bergh et al. 9, have all 

indicatedd that IVF is not associated with an increased risk of neuroblastoma for offspring. 

Ass the father of the present case was a house painter, exposure to an occupational teratogen was 

considered.. A study of the occupational groups among 504 newly diagnosed cases of neuroblastoma 

andd individually matched controls found an increased odds ratio of 2.1 (confidence interval 0.9-

4.88 ) for fathers employed as painters 10. The association of an increased prevalence of 

neuroblastomaa in the offspring of painters is plausible given observations from experimental 

investigationss and epidemiological studies of adult cancer. 

Too conclude, no firm aetiological connection between the different disorders concurring in this 

familyy can be identified and it is possible that they are co-incidental. An association of the 

neuroblastomaa with IVF or maternal sodium valproate use remains a possibility. 
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Abstrac t t 
Wee present the concurrence of a neuroblastoma and LEOPARD syndrome. In the literature, five 

neuroblastomass have been reported to occur in Noonan syndrome, which is closely related to 

LEOPARDD syndrome. Both syndromes can be caused by activating mutations in the PTPN11 gene, 

encodingg the Src homology 2-containing protein tyrosine phosphatase (SHP2), a widely expressed 

phosphatasee involved in intracellular signaling. 

Basedd on the recent recognition of the leukemogenic role of PTPN11 mutations in juvenile myelo-

monocyticc leukemia, and high incidence of neuroblastoma in both Noonan and LEOPARD syndrome, 

wee analyzed the PTPN11 gene in a LEOPARD patient and in sporadic neuroblastoma samples. In 

thee LEOPARD patient, we found a heterozygous Thr468Met mutation in exon 12 both in the 

germlinee and in the tumor. This mutation affects the active site of the PTP domain, and accounts 

forr 33% of LEOPARD cases. PTPN11 sequencing in sporadic neuroblastoma tumor samples is still 

inn progress. Up till now exons 8 and 12 are sequenced in 50 sporadic neuroblastoma samples, 

exonn 3 in 109, and exon 13 in 135 neuroblastoma samples. All together these exons have been 

shownn to account for 99% of somatic mutations in leukemia samples, 89% of germline mutations 

inn Noonan, and 61% of germline mutations in LEOPARD patients, respectively. A Giy503Val 

mutationn in exon 13 in the tumor of a stage IV neuroblastoma patient was found, affecting the 

activee site of the PTP domain. Lymphocytes of the patient did not show the mutation. 

Thiss is the first evidence of an oncogenic role of PTPN11 in a solid tumor. The results show that the 

PTNP1PTNP177 pathway can play a causative role in neuroblastoma oncogenesis. Further analysis of this 

pathwayy may therefore contribute to the understanding of this tumor. 



Rolee for PTPN17 in neuroblastoma 

Introductio n n 
Neuroblastomass are the most common extracranial solid childhood tumors, accounting for 7 % of 

alll childhood cancers diagnosed under the age of 15 years 13. In neuroblastoma several genetic 

markerss have been described, the most important markers being amplification of the N-Myc 

oncogenee and loss of chromosome 1 p, both indicating a bad prognosis45. We recently encountered 

aa patient with neuroblastoma, in whom we diagnosed LEOPARD syndrome. The term LEOPARD 

syndromee is an acronym introduced by Gorlin et al 6 for the combination of multiple Lentigines, 

ECGG abnormalities, Ocular hypertelorism, Pulmonary stenosis, Abnormalities of the genitalia, 

Retardationn of growth, and Deafness. LEOPARD syndrome is allelic to Noonan syndrome, and 

bothh syndromes have been shown to be caused by germline mutations in the PTPN11 gene, which 

encodess the protein tyrosine phosphatase SHP2 78. Several clinical manifestations of LEOPARD 

syndromee overlap those of Noonan syndrome, including facial anomalies, congenital heart defects, 

pectuss carinatum etexcavatum, and growth retardation 9. The variability of symptoms in LEOPARD 

syndromee is much more limited compared to Noonan syndrome, both inter- and intrafamilial. Both 

syndromess have skin pigmentary changes: in Noonan syndrome mainly café-au-lait spots are seen, 

inn LEOPARD syndrome multiple iemtigines are the major symptom, although café-au-lait spots also 

occur.. Germline PTPN17 mutations have been found in 88% of LEOPARD cases 10, and 33 to 50% 

off Noonan cases 1114. 

Recentlyy it was shown that somatic PTPN11 mutations occur in 32-34% of non-syndromic juvenile 

myelo-monocyticc leukemia (JMML), and in a smaller percentage of cases with acute lymphoblastic 

leukemiaa (ALL), myelodysplastic syndrome (MDS), and acute myeloid leukemia (AML) 1B17. The 

mutatedd PTPN17 gene was shown to encode for a tyrosine phosphatase acting as an oncoprotein 

inn myeloid leukemias 15. 

Literaturee search (Pubmed 1966-2004) showed that the combination of LEOPARD syndrome and 

neuroblastomaa in a patient has not been reported before. Five cases with both neuroblastoma 

andd Noonan syndrome have been published 18~22. We hypothesized that somatic PTPN17 mutations 

mightt play a role in neuroblastoma oncogenesis. 

Patient ss and method s 
Fromm January 1, 2000 to March 1, 2003 a clinical morphological screening study was performed 

att the outpatient clinic for Late Effects of Childhood Cancer of our center. All consecutive patients 

whoo visited the clinic were invited to participate in the study. Written informed consent was 

obtainedd from all patients or their parents. Permission for the study was obtained from the Medical 

Ethicall Committee of our hospital. 

Neuroblastomaa samples containing >80% of tumor cells of 135 non syndromic patients were 

randomlyy chosen out of a total of 250 tumor samples of consecutive patients, gathered between 

19800 and 2004, and stored in the Emma Children's Hospital-Academic Medical Center 
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neuroblastomaa tumor bank. High-molecular weight DNA was prepared from these 135 tumor 

sampless as described by Mullenbach et al.23. Exons 3, 8, 12, and 13 of the PTPN17 gene were first 

selected,, as these exons have been shown to harbor 99% (83/84 cases) of somatic mutations in 

leukemiaa cells 1B17, 89% (81/91 cases) of germline mutations in Noonan syndrome n"14, and 61% 

(19/322 cases) of germline mutations in LEOPARD syndrome 10. Up till now exons 8 and 12 were 

sequencedd in 50 sporadic neuroblastoma samples, exon 3 in 109, and exon 13 in 135 neuroblastoma 

samples.. Sequencing of all other exons of the PTPN 17 gene in a total of 135 sporadic neuroblastoma 

tumorr samples is still in progress. All exons were amplified by polymerase chain reaction (PCR), 

usingg primers listed in table 1. Sequence reactions were performed with the ABI PRISM™Dye 

terminatorr cycle sequencing ready reaction kit (Applied Biosystems, Nieuwerkerk aan de Ussel, 

Thee Netherlands). All exons were sequenced bi-directional with the same primers employed for 

initiall PCR. PCR products were sequenced on an ABI 3730 (Applied Biosystems) automated 

sequencer.. Sequences were base-called and assembled with the Staden-package24, using sequence 

NM_002834.33 as a reference. All sequence assemblies and polymorphisms were manually reviewed 

too insure accuracy of variant identification. 

Tablee 1. Primer pairs used to amplif y the PTPN11 codin g sequenc e of exons 3, 8,12,and 13, and sizes of 
PCRR product s 

Exon n 

3 3 
8 8 

12 2 
13 3 

5'' Primer 

TCTTTATTTGTCCCCTTGCC C 
GACATCAGGCAGTGTTCACGTTAC C 
GCTCCAAAGAGTAGACATTGTTTC C 
CAACACTGTAGCCATTGCAACA A 

3'' Primer 

TCACAAGCCTTTGGAGTCAG G 
CCTTAAAGTTACTTTCAGGACATG G 
GACTGTTTTCGTGAGCACTnrC C 
CGTATCCAAGAGGCCTAGCAAG G 

Productt size (bp) 

344 4 
350 0 
250 0 
356 6 

Result s s 
Clinicall morphology and constitutive PTPN17 analyses 
Inn 2002 we investigated an 8-year old boy, who had presented in 1994, at the age of eight 

months,, with an agressive stage IV neuroblastoma. The tumor showed N-Myc amplification and 

deletionn of chromosome 1p. The proband was the only child of Caucasian, non-consanguineous 

andd healthy parents, who did not show any phenotypic abnormalities. At clinical morphological 

examinationn he showed short stature (117.5 cm, age eight years: <P2), low set and posteriorly 

rotatedd ears, pectus excavatum etcarinatum, cryptorchism, multiple café-au-lait spots, and multiple 

lentiginess (figure 1). The diagnosis LEOPARD syndrome was made. Sequencing of the PTPN11 

genee in peripheral white blood cells showed a germline mutation in exon 12 at position 1403 

comparedd to the reference sequence (NMJD02834.3) resulting in a cytidine —• thymidine transition 

(fig.2A).. In the neuroblastoma tumor of our patient the same C1403T mutation was found. This 

mutationn in exon 12 of the PTPN 77 gene changes the threonine to a methionine codon at position 

4688 of the PTP domain of the protein. Parents were not investigated. 
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Figur ee 1. Clinica l pictur e of the LEOPARD patient . 
Notee the proptosis, anteverted nares, macrostomia, low set and posteriorly rotated ears, pectus excavatum et 
carinatum,carinatum, and multiple lentigines (with permission from the patient and his parents) 

Sequencingg PTPN17 in sporadic neuroblastoma 
Clinicall data were available for 99 of 135 patients; median age was 20 months (range 0-162 

months),, tumor stages of these 99 cases were stage I (n=13), stage II (n=15), stage III (n=12), 

stagee IV (n=48), and stage IV-s (n=11). In all samples the N-Myc and chromosome 1p status was 

determined:: 1 5 samples showed both N-Myc amplification and deletion of 1 p, 2 samples showed 

onlyy N-Myc amplification, and 9 harbored deletion of 1 p only. 

Upp till this moment we sequenced exons 8 and 12 in 50 neuroblastoma samples, and exons 3 and 13 

inn 109 and 135 neuroblastoma samples, respectively. Sequencing was successful in all tumor samples. 

Inn patient N426, we found a mutation in exon 13 at position 1888 with a guanidine -> thymidine 

transitionn in the neuroblastoma tumor sample (Fig.2C), affecting the active site of the PTP domain. 

Thee mutation was confirmed from an independent PCR. PTPN11 analysis of lymphocytes showed 

thee wild type sequence (Fig.2D). The patient was a girl, who presented with a stage III neuroblastoma 

att the age of 18 months, and died of recurrent disease one year later. 

Forr exons 3, 8, and 12 we found wild type sequences in all samples analyzed. We found the 

alreadyy described polymorphism of intron 7 close to exon 8 (-21C-+T) M in five patients, four 

timess heterozygous, and one homozygous. Furthermore we found a not earlier reported 

polymorphismm of intron 12 (-56C—K3) in one patient, and a silent mutation in exon 3 (C635T) in 

another.. No additional polymorphisms or mutations were detected so far. 
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Figur ee 2. Sequenc e chromatogra m of th e PTPN11 mutatio n 
(exonn 12: 1403 C-+T) found in germline and in neuroblastoma of the LEOPARD patient (A), a reference control 
(B),, the mutation (exon 13: 1888 G-»T) found in the tumor of patient N426 (C), and not in her germline (D). 

Discussion n 
Thee finding of a PTPN17 mutation in a patient with LEOPARD syndrome and neuroblastoma, the 

fivee earlier reported cases with Noonan syndrome and neuroblastoma 1822, and the recent 

recognitionn of the leukemogenic role of PTPN17 mutations in JMML 15, prompted us to sequence 

thee PTPN17 gene in sporadic neuroblastoma samples. So far we found a Gly503Val mutation in 

exonn 13 in one tumor, while sequencing of all exons in a larger number of sporadic tumor samples 

iss still in progress. This mutation affects the active site of the PTP domain. The mutation was not 

foundd in the germline of the patient. 

Thee LEOPARD patient had a typical Thr468Met mutation in exon 12, which is present in one third 

off LEOPARD patients 10, and codes for the active site of the protein tyrosine phosphatase domain. 

Thee tumor of the patient showed the same germline mutation, and had an unfavorable biological 

profile. . 

Inn 1967, neuroblastoma was first reported in a 'male Turner patient' '8, the term used for Noonan 

syndromee patients before the recognition of Noonan syndrome as a separate entity. Later on, 

fourr other Noonan patients with neuroblastoma were published ,9~22. Four cases had primary 

intra-thoracicc tumors, one had an adrenal tumor. Two were indolent tumors, three others showed 

ann aggressive behavior. As a causative gene for Noonan syndrome was only found in 2001 7, 

PTPN1PTPN177 status was only tested in the more recently reported case, showing a constitutional de 
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novonovo missense mutation (Ser502Thr) in exon 13. The PTPN11 status in the tumor of this patient 

wass not reported. Biological properties of the tumors were not reported in any of the cases. 

Includingg the LEOPARD case, four out of six neuroblastomas were discovered because of clinical 

signss of the tumor. Although the total number of cases is small, this seems to contradict the fact 

thatt the tumors might be indolent, and only picked up because Noonan patients often get chest 

radiographss as part of their cardiologie work-up. 

Acutee lymphoblastic leukemia (ALL) has been reported to occur in Noonan syndrome patients 

severall times 25'28, and concurrence with JMML led to the elucidation of the leukemogenic role of 

somaticc PTPN11 mutations 15. Also combinations with other malignant tumors were reported: two 

casess with rhabdomyosarcoma 29'30, two testicular carcinomas 31'32, one malignant schwannoma 33
( 

onee pheochromocytoma 34, one Wilms tumor, and one non-Hodgkin lymphoma (the latter two 

unpublishedd own observations). However, the high concurrence rate with neuroblastoma is striking. 

Furthermoree Noonan syndrome has been reported to concur with benign tumors, like vascular 

malformationss and hemangiomas 35, granula-cell tumors 36, and giant cell lesions 37. The latter was 

reportedd as Noonan-like/multiple giant cell lesion syndrome 37. Tartaglia et al. later found the 

Asn3085err mutation responsible for the phenotype in this family. The same Asn308Ser mutation 

wass also found in another family with Noonan syndrome without bony involvement 11-37. 

Thee Gly503Val mutation in exon 13 in the tumor of our sporadic neuroblastoma patient is the first 

PTPN1PTPN177 mutation found in a solid tumor. A mutation at the same locus has been reported in one 

casee of JMML 15. However this mutation at position 1888 (reference NM_O02834.3) showed a 

guanidinee —• cythidine transition changing the glycine to an alanine, white the mutation in our 

neuroblastomaa tumor sample had a guanidine —• thymidine transition changing the glycine to a 

valine.. Both mutations affect the active site of the PTP domain. 

PTPN11PTPN11 encodes the Src homology 2-containing protein tyrosine phosphatase (SHP2)38, and is a 

widelyy expressed phosphatase involved in intracellular signaling downstream to several growth 

factor,, cytokine and hormone receptors. SHP2 plays an essential role during embryonic development. 

SHP22 participates in signaling pathways involved in gastrulation 39A0, limb development41, semilunar 

valvulogenesiss of the heart42, embryonic stem cell differentiation and hematopoiesis43>44. Transgenic 

micee with homozygous inactivated 5HP2 are embryonic lethal 4B. Heterozygous activated mutants 

havee decreased viability, surviving embryos showing the Noonan phenotype, and myeloproliferative 

diseasee 46. 

Intramolecularr conformational switching controls the protein tyrosine phosphatase (PTP) activity 

off SHP2. Due to interactions between the N-SH2 and the PTP domains, SHP2 is usually inactive. 

Activationn only arises after disruption of the N-5H2/PTP interaction, induced by conformational 

changee of the SH2-domain as a result of binding to the phosphotyrosyl-containing motifs of its 

signalingg partners 47. 

Mutationss associated with Noonan syndrome and leukemia are not randomly distributed in SHP2. 
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Thee large majority of defects are located in or near the N-5H2 and PTP interacting surfaces 7.n.is.T7_ 

Nonsense,, splicing, or frame shift mutations were not identified in these large series of Noonan 

casess and leukemia samples, indicating that the causative amino acid changes induce a gain of 

functionn in SHP2, increasing the phosphatase activity, with concomitant downstream signaling 

throughh the RAS/MAP kinase pathway. 

Sincee the first report by Tartaglia et al in 2003 15, the role of somatic PTPN11 mutations in 

leukemogenesiss has been intensively investigated. The relative contribution of PTPN11 mutations 

differss among the different leukemia types; mutations of PTPN11 account for 32-34% of JMML 

casess 15-16, 10-28% of MDS cases (the highest incidence being found in advanced MDS cases, i.e. 

childrenn with an excess of blasts 15), 11 % of common ALL cases 17, 4-5.8% of AML cases 1517 

(withh a relatively high contribution of acute monocytic leukemia cases; 4/12 17), and 0% of T-ALL 

casess 17. Concurrence of somatic PTPN11 mutations with other leukemogenic gene mutations, 

andd major gene rearrangements were tested; PTPN17, NRAS, KRAS, and NF1 mutations were 

mutuallyy exclusive 15J 7, suggesting that mutant 5HP2 on its own is sufficient to deregulate myeloid 

growthh through RAS/MAPK signaling. Also PTPN11 mutations and TEL-AMU, E2A-PBX1, BCR-

ABL,ABL, and AF4-MLL rearrangements appeared almost mutually exclusive 17. 

Inn conclusion we found a Gly503Val mutation in exon 13 in a sporadic neuroblastoma tumor 

sample.. This is the first evidence of the oncogenic role of a PTPN11 mutation in neuroblastoma. 

Sequencingg of all exons in a larger number of sporadic neuroblastoma tumor samples will show 

thee importance of PTPN11 mutations in neuroblastoma tumorigenesis. Further analysis of this 

pathwayy may therefore contribute to the understanding of this tumor. 
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Discussio n n 
Thee general aim of the present study was to use clinical observations in greater depth and more 

detaill to add to the search of genes involved in childhood cancer. We therefore set out to examine 

aa large cohort of pediatric cancer patients for body surface phenotypic abnormalities and internal 

skeletall developmental abnormalities. We searched for patterns of developmental abnormalities 

thatt are associated with childhood cancer, in order to find clues for candidate genes and related 

geneticc pathways that are involved in both abnormal morphogenesis and tumorigenesis. 

Wee realize that both pathway defects and environmental factors may lead to phenotypic 

abnormalitiess and tumor predisposition. Some of these aspects are discussed in the Introduction 

andd in Chapter 7. However, as this was not the main focus of the study this will not be elaborated 

heree in more detail. 

Inn this general discussion we will explore some of the major points raised by the different parts of 

thiss thesis: 

A.. Phenotypic abnormalities: need for definitions 

B.. Phenotypic abnormalities: need for normal values in older children and adults 

C.. Family resemblance 

D.. Role of clinical morphology in pediatric oncology 

E.. Private syndromes 

F.. Skeletal anomalies 

G.. Childhood tumors: need for better classification systems 

H.. Identifying the disease genes 

A.. Phenotypic abnormalities: need for definitions 
Earlierr studies all had used different terminologies and classifications. Therefore, we started by 

proposingg a uniform terminology and classification system for all phenotypic abnormalities that 

cann be detected in a morphological examination. Terminology and classification were based on 

fourr major sources: 1. Recommendations on terminology of an international working group \ 2. An 

editoriall comment on studies of minor anomalies by Opitz 2, 3. Aase's text on clinical morphology 3, 

andd 4. The London Dysmorphology DataBase (LDDB) 4. We searched the literature for a 

comprehensivee list of definitions of all phenotypic abnormalities, approved by an international 

groupp of experts in clinical morphology, but were unable to find one. Therefore we used the 

definitionss provided by the LDDB 4, Aase's text on clinical morphology 3, and the Handbook of 

normalnormal physical measurements by Hall et al. 5. Although these sources are internationally the 

mostt commonly consulted sources for definitions, those definitions are not based on international 

agreement.. Studies in the past often have used different definitions, hindering the comparison of 

dataa from different study and control populations. To promote the use of a uniform language in 

clinicall morphological studies, we propose that a list of definitions of all phenotypic abnormalities 
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bee created, and approved on by an international working group of experts in the field of clinical 

morphology.. Definitions of measurable items should be accompanied by clear 'measurement 

instructions'' and appropriate normal values, building on the text by Hall et al. 5. Qualitative, non-

measurablee phenotypic abnormalities should get clear descriptions, accompanied by multiple 

photographss per phenotypic abnormality, to show their full range of presentation over a life-span. 

Furthermore,, for each phenotypic abnormality, the (suspected) cause and pathogenesis should be 

describedd and updated at regular intervals. This will require an enormous effort from all experts in 

thee field. However, the importance can not be overestimated, and the result will prove a major, 

essentiall element in future clinical morphological studies, and create a powerful tool for the translation 

andd interpretation of the recorded findings in individuals and groups with common or rare disorders. 

B.. Phenotypic abnormalities: need for normal values in older children and adults 
Besidess clear definitions of phenotypic abnormalities, it is also necessary to determine the incidence 

off those phenotypic abnormalities in the general population. Normal values are indispensable for: 

1.Validationn of frequency dependent classifications, i.e. minor anomalies and spectrum variants, 

inn the classification list 6, and 2. Comparison with frequencies of phenotypic abnormalities found 

inn specific patient groups in order to properly evaluate {patterns of) phenotypic abnormalities for 

'disorder-specificity'. . 

Inn chapter three, we use the childhood cancer cohort itself as an internal control, to detect specific 

associationss between (patterns of) phenotypic abnormalities and individual tumor groups. This 

mayy lead to an underestimation of associations, as it will probably dilute the strength of the tumor 

predispositionn pattern. We expect that with the availability of norma! values, patterns will become 

muchh clearer, allowing a better estimation of their biological importance. 

AA careful review of the literature has shown only four studies describing the prevalence of phenotypic 

abnormalitiess in newborn infants from the normal population 7 1 . All studies concluded that 

minorr anomalies can be utilized as indicators of altered embryonic differentiation since they are 

significantlyy more common in individuals with an obvious major defect of embryonic development. 

Thee studies were performed in newborn infants, all with a similar sample size (Marden et al.: 

n=4,412,, Méhes: n=3,176; Merlob et al.: n=3,762; Leppig et al.: n=4,305). Differences in results 

betweenn the three most detailed reported studies 7 '8J0, may be accounted for by differences in 

studyy design 10. Different lists of phenotypic abnormalities were used, with different definitions, 

andd different terminology and classification. This again underlines the need for the generation 

andd use of an internationally accepted terminology and classification system. 

Remarkably,, no studies have ever been performed in control populations consisting of older children 

orr adults. As changes of anomalies occur with growth, and the detection rate may be different at 

differentt ages 11J2, prevalence figures for morphological findings in newborn infants may not be 

correctt in other age groups. 
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Wee conclude there is a great need for a study in older children, to enable studies on (possible) 

developmentall etiologies of many different pediatric disorders. We have initiated such a study in 

2004,, with financial support from the Stichting Steun Emma Kinderziekenhuis. The control group 

willl be constituted of 1,000 Caucasian children from elementary schools in the age classes 9 and 

100 years old. They will be examined by a physician trained in clinical morphology, during their 

routinee medical and psychosocial screening performed by nurses from the community health care 

departmentt in the region of Haarlem. All children in the region will undergo this screening, while 

inn the 4th grade of elementary school. This age group allows a maximum level of growth and 

developmentt on one hand, and the lowest possible selection bias caused by active withdrawal of 

certainn children, or scattering over different school types in the older age groups. 

C.. Family resemblance 
Besidess use of unrelated controls, several studies included sibs and parents of cases: three registry 

andd interview-based studies reported an equal incidence of (often) major anomalies in sibs and 

unrelatedd controls 1315, while two others showed a slightly 16 or significantly 17 higher incidence in 

sibss (see Chapter 1, paragraph 7). In the latter study by Baptiste et al. 17, the high incidence of 

anomaliess in sibs and parents was attributed to the presence of several families with 

neurofibromatosiss in the cohort, a syndrome known for its specific pattern of phenotypic 

abnormalitiess and predisposition for CNS tumors. Méhes was the only investigator to study the 

presencee of minor anomalies, based on the actual clinical morphological examination of children 

withh cancer, their sibs and parents 1820. He consistently found a significantly higher incidence of 

minorr anomalies in cases and their sibs, compared to parents and age-matched controls. Méhes 

rightfullyy concluded that an increased prevalence of anomalies in sibs of children with acute 

lymphoblasticc leukemia (ALL) "cannot be regarded as a sign of predisposition for leukemia. One 

cann only speculate on a possible recessive association of mild errors of morphogenesis with ALL, 

onn possible maternal inheritance, or on developmental genes that may be involved in the processes 

off malignancy and disturbed morphogenesis as well" 20. We agree that sibs with a similar pattern 

off phenotypic abnormalities should not automatically be regarded as cancer-prone. However, 

whenn this pattern of phenotypic abnormalities has proven to be a strong independent factor, 

indicatingg significant tumor predisposition - in other words, when this pattern appears to represent 

aa (new) tumor predisposition syndrome - sibs with the same phenotype do have this predisposition 

syndromee and are cancer-prone indeed. This is illustrated by the study of cases with CNS tumors 

andd their families, in which the higher incidence of anomalies in relatives was caused by the 

contributionn of an already known tumor predisposition syndrome, i.e. neurofibromatosis 17. 

However,, in many syndromes the 'cancer part' of the phenotype may be of low penetrance. 

Phenotypess of affected relatives will show considerable overlap in the highly penetrant characteristics, 

butt less so in the low penetrance manifestations 21. Several disorders illustrate that, even within 
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thee same family, identical mutations may be associated with a phenotype that varies in age-at-

onsett and severity of symptoms. Examples are a wide variety of disorders, such as hereditary long-

QTT syndrome, renal-coloboma syndrome, or Charcot-Marie-Tooth disease 21. 

Nevertheless,, studying low penetrance predisposing genes is useful. According to Ponder22, the 

largestt category of inherited tumor predisposition, in terms of the contribution to cancer incidence, 

iss the one with the weakest genetic effects: tumor predisposition without evident family clustering, 

viaa low penetrance tumor predisposition genes (see Chapter 1, paragraph 3). The study of weak 

cancerr predisposition is of interest both for public health implications 23, and because it may point 

too a wider range of processes that are relevant to cancer development, and to interactions between 

thesee 22. It may give clues for modifier genes, either affecting the probability that tumorigenic 

alterationss will occur, or influencing the effects a tumorigenic pathway event will have on the 

cellularr phenotype (see Chapter 1, paragraph 2). 

Fromm population studies on the risks to develop breast cancer, we know that the risk for breast 

cancerr for close relatives of a case is increased two-fold, and is about the same for the mother, 

sisterss or daughters of a proposita 22. However, this equal penetrance in close relatives seems not 

too hold for minor anomalies: in Méhes' studies, sibs had a higher incidence of minor anomalies, 

approximatingg that of cancer cases, but their parents did not 18"20. 

Clearr indications for taking a detailed family history and clinical morphological examination in 

relativess are difficult to provide, as these are strongly individually determined. It should at least be 

performedd in case a syndrome diagnosis in the proposita is made or suspected, as such a diagnosis 

mayy have consequences for the family, both regarding tumor surveillance, occurrence of other 

physical,, cognitive, and behavioral symptoms, as regarding pattern of inheritance and in case prenatal 

counselingg is relevant. Furthermore, the study of relatives may show complementary characteristics, 

broadeningg the phenotype, and possibly leading to the recognition of the syndrome in the proposita. 

Thee family described in Chapter 6 may serve as an example in this way: the same genetic defect led 

too minimal phenotypic abnormalities in a mother, and a lethal phenotype in one of her children, 

illustratingg that the phenotype variability of a syndrome can be vast, even within families. 

Examinationn off relatives of a proposita may also lead to detection of similarly affected persons and 

recognitionn in a patient with a 'private' syndrome of a hitherto undescribed 'new' entity. 

D.. Role of clinical morphology in pediatric oncology 
Inn Chapter 2 we describe the value of standard clinical morphological evaluation of childhood 

cancerr patients. We diagnosed a known syndromic entity in 45 patients (4.2%) and we suspected 

aa syndrome in another 35 patients (3.3%). The percentage of 7.5% of patients with a proven or 

suspectedd syndrome is considerably higher compared to the prevalence of syndromes in the general 

population.. This underlines that early (epi)genetic defects or environmental factors are of major 

importancee for childhood tumorigenesis. 
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Twenty-threee of the 45 detected known syndromes were detected only during this study, indicating 

thatt standard pediatric care can be insufficient to detect clinically important syndrome diagnoses 

inn children with cancer. We propose that all children diagnosed with a malignancy be screened by 

aa clinical geneticist or a pediatrician skilled in clinical morphology for clues pointing to an underlying 

developmentall pathogenesis and cause, serving four goals: 1. To improve the care and cure of 

childhoodd cancer patients, as the detection of certain tumor predisposition syndromes will enter a 

standardizedd screening program, in order to recognize earlier subsequent malignancies, possibly 

improvingg their prognosis. Some tumors may have a different prognosis, requiring different therapy 

whenn concurring with a specific syndrome, as has been shown for gliomas in patients with 

neurofibromatosiss 24-25. 2. Better knowledge of an underlying syndrome diagnosis is important for 

thee patient and his/her family, as it leads to better understanding and acceptance of their medical 

history,, and can gain an insight into an expected prognosis, 3. Relatives at risk for the same 

syndromee diagnosis, and the possibly associated tumor risk can be traced, 4. Better knowledge of 

thee incidence of syndromes in children with cancer may lead to the recognition of constitutional 

defectss or environmental factors, previously unknown to be involved in pediatric oncogenesis. 

Studiess in children with cancer for morphological traits should not only be performed on a local 

basis.. International screening of all childhood cancer patients will finally give clear insight in the 

truee syndrome-tumor concurrence, necessitating precise description of syndromes and concurring 

tumors.. This way syndromes may acquire a valid 'tumor predisposition certificate', or loose this 

certificate.. At the same time concurrence of tumors may provide information on syndromes with 

unresolvedd cause. In the early years of clinical morphology much effort was put in the exact delineation 

off syndromes. In the last 10 to 15 years geneticists have put to greater emphasis on the study of the 

naturall history of syndromes, paying attention to all diverse aspects. As stated above, the study of 

tumorr concurrence and predisposition should be one of the important aspects studied, 

E.. Private syndromes 

Somee may question the value of so called 'private syndromes'. It should be realized that all now well-

knownn and established syndromes 26*27 once started as case reports, and were presented as new 

'syndromee like patterns' or 'private syndromes'. Only the sharing of those valuable cases led to the 

recognitionn and delineation of those syndromes as established entities. It helped clinicians and biologists 

inn the past to discern homogeneous patient groups, leading to better patient care, and enabling the 

searchh for their underlying defects. Delineation of patterns in morphological characteristics of 'private 

syndromes'' in children with cancer can be expected to work in a similar way. 

F.. Skeletal anomalies 

Gorlinn syndrome serves as an example for constitutional mutations that lead to skeletal anomalies 

andd other phenotypic abnormalities. The same mutation may result in abnormal cellular proliferation 
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predisposingg the affected individual for cancer. We studied this in our study on rib anomalies in 

childrenn with cancer, and found a significantly higher incidence of cervical rib anomalies in children 

withh acute lymphoblastic leukemia, astrocytoma and germ cell tumors. As patterning of the axial 

skeletonn in vertebrates is mainly determined by /-/ox-genes 28, and Hox gene expression is also 

knownn to play a role in normal and malignant hematopoietic processes, Hox genes are likely 

candidatess to be involved in both the formation of cervical ribs and leukemia. Disturbances in Hox 

genee expression can indeed lead to the formation of cervical ribs 29. Within the hematopoietic 

system,, Hox genes are expressed in stem cells and immature progenitor cells, but are down regulated 

inn differentiated myeloid cells 30'31. The MLL-gene, a structural and functional homologue of 

Trithorax,Trithorax, a Drosophiia homeotic regulator, controls the maintenance of expression of Hox genes 

duringg embryogenesis 32. MLL-gene translocations are involved in most of infantile leukemia 33. 

Micee with mutations of Pc-G and Trithorax-group (Trx-G) genes, involved in the maintenance of 

thee expression of Hox genes, show both vertebral anomalies (including cervical ribs) and leukemia 

orr lymphoma 34_36. Although at present there are no models describing the relationship between 

HoxHox genes and astrocytoma or germ cell tumors, relationships with neuroblastoma-, primitive 

neuroectodermall tumor-, and medulloblastoma cell lines exist37. 

Thee constant number of seven cervical vertebrae in all mammals (except for sloths and manatees) 

suggestss a strong selection against cervical ribs due to deleterious pleiotropic effects 38. Based on 

thee study by Schumacher et al. 39, Galis calculated that children with a cervical rib have a 120-fold 

chancee of early childhood cancer (11.9% vs. 0.1%), suggesting childhood cancer to represent an 

importantt factor in the natural selection against the development of cervical ribs 38. However, as 

discussedd in chapter 5, several critical remarks can be made about the study by Schumacher et al.39. 

Inn our study, with an equal number of cases, a larger number of pediatric controls, multiple 

observerss and a reconciliation process, the base line risk for childhood cancer in children with a 

cervicall rib is significantly increased, but the absolute risk is still very low. With an incidence of 

childhoodd cancer of 0.2%, and a birth rate of 200,000 in the Netherlands (with very low numbers 

off death during childhood), 8.6% of 400 (=34) childhood cancer patients will show cervical ribs, 

comparedd to 6.1 % of 199,600 (=12,175) controls. This means that 34 out of 12,209 children with 

cervicall rib anomalies will develop childhood cancer, increasing their baseline risk from 0.2% to 

0.3%.. Therefore childhood cancer seems to present only a minor selection against the development 

off cervical ribs. Other factors seem of more importance in this evolutionary constraint against 

variationn in the number of cervical vertebrae. Adults with a rudimentary first rib (an anterior homeotic 

transformationn towards eight cervical vertebrae) often have thoracic outlet syndrome, impairing 

manuall labor and therefore under natural circumstances implying a selective disadvantage38. However, 

off more importance in present Western human environment could be the increased chance of 

stillbirths.. In more than 30% of stillborn fetuses ossification centers were found in the seventh 

cervicall prevertebrae 4CM2. These ossification centers appear in the same position as those of 
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thoracicc prevertebrae's future ribs. The high prevalence of ossification centers in the seventh 

prevertebraee of stillborn fetuses, might be a pleiotropic manifestation of early aberrant HOX-gene 

expression,, other more serious manifestations of this aberrant HOX-gene expression leading to 

thee premature death of these fetuses, imposing a negative selection on the variation of the number 

off cervical ribs. 

Nextt to chest radiographs, a radiogram of the left hand and wrist is made routinely in many 

childrenn with cancer, to determine their skeletal age prior to therapy. Skeletal anomalies of the 

handd and wrist can give valuable clues for the presence of a syndrome, such as Fanconi 

pancytopenia.. Two studies have been performed, reviewing hand radiographs of 69 and 34 patients 

withh ALL, respectively 43M. Both found a higher incidence of skeletal anomalies in ALL cases 

comparedd to controls. No studies in larger groups of patients with other forms of cancer are 

knownn to us. In 2005, the departments of pediatric oncology, radiology, and pediatric clinical 

geneticss plan to review all hand radiographs performed in the same childhood cancer cohort used 

forr the study on rib anomalies. The study protocol will be followed simultaneously in a large 

controll group consisting of hand radiograms of healthy children which have become available to 

us.. Information on skeletal anomalies found in the cohort will be combined with clinical 

morphologicall findings of patients when available. It is hoped that this study will further serve our 

goall of identifying possible pathways involved. 

G.. Childhood tumors: need for better classification systems 
Inn studying phenotypic abnormalities in children with cancer the need for a uniform terminology 

andd classification system applies not only for phenotypic abnormalities but also for childhood 

tumors.. Although many international cooperative groups on the individual tumor types have 

publishedd their classification systems, significant differences still exist. A uniform system will facilitate 

thee international sharing of data for clinical and biological studies. Starting with the main tumor 

groups,, the system should have a branched structure, and for every case classification should be 

ass precise as possible; it should include all clinical, pathological and biological characteristics. 

Inn Chapter 4, we describe (patterns of) phenotypic abnormalities specific for certain tumor types. 

Studyingg patterns of anomalies within tumor groups will elucidate intra-syndrome variations of 

patternss of phenotypic abnormalities; it will distill the key phenotypic abnormalities of a tumor 

predispositionn pattern, specific for that tumor type. However, many known syndromes show a 

predispositionn to various, 'different' tumor types. Our search for patterns of phenotypic abnormalities 

specificc for single tumor types will probably prove to be too narrow and rigid. For the so called 

embryonall tumors of childhood it might be of importance to develop a classification system based 

onn the developmental stage of the embryonal progenitor cells in which the tumor has arisen. 

Besidess the currently used detailed histopathological tumor classification systems such a 

developmentall classification might provide useful grouping of different childhood tumors and 
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therebyy reveal previously unrecognized patterns of phenotypic abnormalities. Tumor biologists, 

developmentall biologists, pathologists, geneticists, and oncologists are encouraged to join in 

establishingg a developmental classification of childhood tumors. Grouping of tumors on a 

developmentall basis may help to discern, evaluate, and comprehend patterns of tumors described 

inn certain patient groups. 

H.. Identifying the disease genes 
Fourr main strategies for identifying candidate human disease genes are usually distinguished: 

1.1. Linkage analysis: Linkage analysis can be performed especially in targe kindreds, in which multiple 

relativess are affected. 2. Cytogenetic abnormalities: Cytogenetic abnormalities found in a single 

affectedd individual have often been the clue for recognition of the causative gene of a syndrome. 

3.3. Phenotype resemblance: Resemblance of a phenotype with established syndromes of which the 

responsiblee pathway defects are already known, may give clues for (related) genes involved. 

Furthermore,, resemblance with symptoms in naturally occurring or artificial knockout mice may 

pointt to pathways involved in human disease as well. 4. Functional cloning: In functional cloning, 

informationn about the cellular function of a gene product is already known. This information can 

bee used to identify the unknown disease gene. 

Thee third strategy of phenotype resemblance best fits to analyze data from the present study. 

First,, new associations between tumors and syndromes will be investigated. This will allow evaluation 

off known genetic factors responsible for the syndrome, of their possible role in tumorigenesis, an 

examplee being the PTPN11 study in neuroblastoma (see Chapter 8). Second, tumor specific patterns 

off phenotypic abnormalities may show overlap with the phenotype of already known syndromes, 

andd may point at defects in the same developmental pathway. This is illustrated by the SHH-

Patched-Glii pathway, in which two entities - Rubinstein-Taybi syndrome and Saethre-Chotzen 

syndrome,, caused by mutations of genes within this pathway {CBP and TWIST, respectively) -

showw an expressed phenotypic resemblance. Genes of candidate pathways will first be tested in 

thee germline of cases expressing the phenotype. In case a germline mutation is found, the gene 

willl be tested in sporadic tumors. Third, strong patterns of phenotypic abnormalities, not closely 

resemblingg a known syndromic entity, may be discussed in a team of (developmental) biologists, 

embryologists,, clinical morphologists and pediatric oncologists working together in so-called 

'developmentall workshops'. Fourth, bioinformatic approaches may be helpful to translate 

tumor(group)) specific patterns of phenotypic abnormalities into candidate genes. Large amounts 

off data on phenotypes of diverse species and a countless number of their mutant-phenotypes are 

availablee in public databases. However, the amount of data available is immense, and terminology 

tooo divergent to be efficiently searched in databases such as PubMed. This will hinder the integration 

off already available knowledge. At this moment no tools are readily available that allow adequate 

andd efficient searching through different databases containing data on phenotypes and their 
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molecularr backgrounds. Possibly the use of ontologies may be helpful here. An ontology is a 

formall way of representing available knowledge in which concepts are described by both their 

meaningg and their relationship to each other 45. Unique identifiers that are associated with each 

conceptt in biological ontologies can be used for linking and querying other biological and molecular 

databases.. However, phenotype information is quite complex, as can be deduced from its definition: 

'phenotype'' is the compilation of observable and measurable characteristics of an organism, which 

resultt from the interaction of the organism's genotype and the environment 45. Phenotype 

informationn is currently described as free-text in most biological databases. However, free-text 

phenotypicc descriptions are often database specific, and cannot be queried and compared easily, 

especiallyy if they lie outside the immediate research focus of the scientist45. The Jackson Laboratory 

hass developed an ontology to code phenotypes of mutant mice (Mouse Phenotype Ontology). 

Thee development of a Human Phenotype Ontology to describe clinical morphological entities will 

alloww linking and querying of human, mouse and molecular databases, such as the mouse Gene 

Expressionn Database (GXD), the Edinburgh Mouse Atlas Project (EMAP; a graphical database of 

mousee gene expression in different developmental stages), Ontoexpress (containing tools for 

exploringg microarray data), PubMed (database of the biomedical literature), OMIM (a catalog of 

humann genes and genetic disorders), and AmiGO (a web application for browsing and searching 

genee ontology and gene associations). 

Addingg a human clinical morphology ontoiogy and also a childhood tumor ontology to the already 

existingg ontologies will facilitate the integration of knowledge generated by various investigators, 

originatingg from different fields of research, each with their own expertise 45. This may lead to the 

recognitionn of new knowledge, already present in current literature. It will of course require the 

continuouss input from researchers in the different specialties. Moreover the input of specialists in the 

fieldd of bioinformattcs will be indispensable. The combined efforts may finally result in the recognition 

off genes and pathways involved in morphogenesis, phenogenesis and oncogenesis, and may give us 

toolss for diagnostic, prognostic and therapeutic strategies in syndromes and diseases. 
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Implicationss for clinical practice: 
•• All childhood cancer patients deserve a clinical morphological examination, as this will improve 

caree and cure of children with cancer and their families. Furthermore it will increase our knowledge 

off the concurrence of syndromes and childhood cancer, which may lead to the recognition of 

constitutionall defects or environmental factors, previously unknown to be involved in pediatric 

oncogenesis. . 

•• Detailed analysis of family history and clinical morphological examination in relatives of children 

withh cancer should at least be performed in case a syndrome diagnosis in the proband is made 

orr suspected. 

Implicationss for future research: 
•• A comprehensive list of definitions of all phenotypic abnormalities should be generated, and 

approvedd by an international group of experts in clinical morphology 

•• Normal values of phenotypic abnormalities in older children and adults should be generated 

•• We encourage large-scale studies on the prevalence of phenotypic abnormalities, in normal 

children,, in patients who had cancer as a child, and their first-degree relatives in order to gain 

betterr insight in the value of family resemblance in general, and the value of specific familial 

patternss of phenotypic abnormalities. 

•• Although there is a general tendency to undervalue case reports, we encourage the reporting 

off specific syndrome - tumor concurrences, as this may lead to better syndrome delineation, 

andd generation of new hypotheses on cause and pathogenesis of both syndromes and their 

concurringg childhood tumors. 

•• Available hand radiographs in our cohort of childhood cancer patients and in a control group 

shouldd be reviewed for the presence of skeletal anomalies, as this may generate additional clues 

forr factors involved in tumorigenesis. 

•• A uniform terminology and classification system for childhood tumors should be generated. 

Furthermoree grouping of tumors on a developmental basis may help to discern, evaluate, and 

comprehendd patterns of tumors described in certain patient groups. 

•• We encourage the development of a human clinical morphology-ontology and a childhood 

cancer-ontology.. It will allow linking and querying of human, mouse, and molecular databases, 

facilitatingg the translation of associations of clinical morphological phenotypes and childhood 

tumorss into candidate genes or causative environmental factors. Close cooperation with specialists 

inn the field of bioinformatics is essential in this process. 
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Electronic-Databas ee Informatio n 
URLL for data presented herein is as follows: 

Mousee Phenotype Ontology, http://www.informatics.jax.org 

Genee Expression Database <GXD), http://www.informatics.jax.org 

Edinburghh Mouse Atlas Project (EMAP), http://genex.hgu.mrc.ac.uk 

OntoExpress,, http://vortex.cs.wayne.edu/projects.htm 

PubMed,, http://www.ncbi.nlm.nih.gov/entrez/query.fcgi 

OMIM,, http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM 

AmiGO,, http://www.godatabase.org/cgi-bin/go.cgi 
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Manyy clinical genetic syndromes are associated with an increased risk for tumor development 

(Chapte rr  1). In these syndromes the same, constitutional molecular defect leads to both a specific 

clinicall morphological phenotype and a predisposition for the development of specific cancers. 

Thee incidence of tumor predisposition syndromes, either established syndromes or new entities, 

mightt be much higher than currently estimated. 

Too test this hypothesis, we started out by defining a uniform classification system for all phenotypic 

abnormalitiess that can be scored by body surface examination, based on their (presumed) 

pathogenesis,, in order to be able to weigh the importance of the anomalies scored in a pediatric 

cancerr population (Chapte r 2). A tree was built with 29 major areas defined by either anatomy or 

function,, further subdivided into 98 smaller areas which were finally divided into a total of 683 

singlee anomalies, describing all individual abnormalities and minor variants that can be scored by 

surfacee examination. Reliability of the clinical morphological examination was tested by independent 

scoringg of 31 of the first 100 patients by two observers, showing a kappa-score for interobserver 

variationn of 0.89. 

Inn a three-year period a cohort of 1,073 childhood cancer patients was submitted to a detailed 

clinicall morphological examination. We investigated the incidence of syndromes in this cohort 

(Chapte rr  3). If the primary investigator suspected a patient to have a syndrome, because of a 

highh 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 a 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 having a 'private syndrome'. We diagnosed a known 

syndromicc entity in 45 patients (4.2%) and suspected a syndrome in another 35 patients (3.3%). 

Thee percentage of 7.5% of patients with a proven or suspected syndrome is considerably higher 

comparedd to the prevalence of syndromes in the general population, indicating that constitutional 

molecularr defects indeed are more often involved in pediatric oncogenesis than previously 

anticipated.. We describe new syndrome - tumor associations in several entities. Alterations of 

chromosome-partt 11 p1 5 were found in 5 out of 14 isolated hemihyperplasia (IHH) cases, indicating 

thatt an important part of IHH cases represent one end of the spectrum of Beckwith-Wiedemann 

syndrome.. PTEN mutational analysis in this group gave negative results. Twenty-three of the 45 

detectedd established syndromes were detected only during this study, indicating that standard 

pediatricc care can be insufficient to detect clinically important syndrome diagnoses in childhood 

cancerr patients. We propose that all children diagnosed with a malignancy should be screened by 

aa clinical geneticist or a pediatrician skilled in clinical morphology for clues pointing to an underlying 

congenitall etiology. 
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Furthermoree in Chapte r 4 overall incidences of phenotypic abnormalities, and associations of 

(patternss of) phenotypic abnormalities and the different tumor types are described. One or more 

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

controll population. Reliability of the examination was tested by independent scoring of 75 patients 

byy two observers, showing a kappa-score for interobserver variation of 0.93. Twenty-eight 

phenotypicc abnormalities occurred significantly more often in one specific tumor category. 

Multivariatee logistic regression analysis revealed twenty-three phenotypic abnormalities that were 

significantlyy more often associated with certain tumor groups. Novel patterns of phenotypic 

abnormalitiess were made likely to exist for many tumor groups. In line with the high percentage of 

patientss with a proven or suspected syndrome (Chapter 3), these results suggest that also new 

tumorr predisposition patterns, caused by yet unrecognized genetic defects, exogenous factors, or 

combinationss of these, are much more frequent than currently anticipated. We believe that the 

describedd associations between (patterns of) phenotypic abnormalities and specific tumors may 

bee helpful in identifying the underlying genetic and environmental defects: new associations between 

tumorss and known syndromes will be investigated, allowing evaluation of known genetic factors 

responsiblee for the syndrome, for their possible role in oncogenesis; tumor specific patterns of 

phenotypicc abnormalities may show overlap with the phenotype of already known syndromes, 

andd may point at defects in the same developmental pathway; and data mining tools may be 

helpfull to translate tumor specific patterns of phenotypic abnormalities into candidate genes. 

Nott only phenotypic abnormalities detectable by surface examination, but also skeletal anomalies 

cann provide clues for underlying constitutional defects (Chapte r 5). Chest radiographs of 906 

childhoodd cancer patients, and 881 normal Caucasian pediatric controls were reviewed for the 

presencee of 6 major rib anomaly categories, each radiograph blinded and independently scored 

byy two observers, using strict definitions. The overall incidence of total rib anomalies in cases and 

controlss was equal. In childhood cancer patients a significantly higher incidence of cervical rib 

anomaliess was demonstrated in patients with acute lymphoblastic leukemia, astrocytoma, and 

germm cell tumors. Alterations of Hox family gene(s) expression are goodd candidates for this higher 

incidence,, but also environmental factors are discussed. 

Duringg the course of the studies described above, two families in the clinic caught our attention. 

Fourr members of a single family with a heterogeneous phenotype, that at first most closely fitted 

Bannayan-Riley-Ruvalcabaa syndrome, were eventually found to have PTEN Hamartoma Tumor 

syndromee (Chapte r 6). All four cases harbored the same PTEN mutation, predisposing them to 

cancerr in adulthood, especially those of the breast, thyroid and endometrium. 

Inn Chapte r 7 we described an unusual family with the concurrence of a neuroblastoma in a child 

conceivedd after in-vitro fertilization and maternal valproic acid use during pregnancy, and a sib with 

aa mosaic trisomy 22. Possible mutual relations between neuroblastoma, chromosome mosaicism, 

valproicc acid use during early pregnancy, in-vitro fertilization, and parental occupation are discussed. 
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Inn Chapte r 8 we present the analysis of the PTPN11 gene for its possible role in neuroblastoma 

tumorigenesis.. Our hypothesis that PTPN11 might be involved in neuroblastoma tumorigenesis 

wass based on our diagnosis of a LEOPARD syndrome in a neuroblastoma patient and the subsequent 

findingg of a constitutional PTPN11 mutation in the same patient, combined with 5 previously 

publishedd cases of neuroblastoma in Noonan patients. The PTPN11 gene is known to play a role in 

juvenilee myelo-monocytic leukemia. To test this hypothesis we are currently analyzing randomly 

chosenn neuroblastoma tumor samples for PTPN11 mutations (chapter 8). We found a Gly503Val 

mutationn in exon 13 in the tumor of a stage III neuroblastoma patient. The mutation affects the 

activee site of the protein tyrosine phosphatase domain. Lymphocytes of the patient did not show 

thee mutation. This is the first evidence of the oncogenic role of PTPN11 in solid tumors in general, 

andd neuroblastoma in particular. These results show that the PTPN11 pathway can play a causative 

rolee in neuroblastoma oncogenesis. 
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Err zijn vele klinisch genetische syndromen bekend, die op de kinderleeftijd een verhoogd tumorrisico 

mett zich meebrengen (Hoofdstu k 1). Zo hebben kinderen met het syndroom van Down een sterk 

verhoogdd risico op leukemie, en hebben kinderen met het Beckwith-Wiedemann syndroom (deze 

kinderenn hebben o.a. een grote tong, een navelbreuk, en een asymmetrie van de ledematen) een 

verhoogdee kans op het ontwikkelen van een nier-, of levertumor. In feite zijn dit dus tumor 

predispositiee syndromen, syndromen die leiden tot een verhoogde kans op kinderkanker. Bij deze 

syndromenn leidt een en dezelfde afwijking in de erfelijke aanleg (genetische afwijking) niet alleen 

tott een specifiek patroon van bijzondere uiterlijke kenmerken (zoals het typische gelaat, de korte 

handenn en de vier-vingerlijn bij kinderen met het syndroom van Down), maar ook tot een sterk 

verhoogdee kans op het ontwikkelen van bepaalde kindertumoren. Onze hypothese is, dat deze 

tumorpredispositiee syndromen veel vaker een rol spelen bij kinderen met kanker dan tot op heden 

wordtt aangenomen. Dit kunnen reeds bekende syndromen zijn, zoals het hierboven genoemde 

Beckwith-Wiedemannn syndroom, maar ook nieuwe 'syndromen', nieuwe patronen van bijzondere 

uiterlijkee kenmerken die wel degelijk ook geassocieerd zijn met een verhoogd tumorrisico, maar 

nogg niet als dusdanig herkend zijn. 

Voordatt we deze hypothese konden testen, moest er eerst een lijst worden samengesteld, waarin 

gestructureerdd alle bijzondere uiterlijke kenmerken voorkomen die mogelijkerwijs gescoord kunnen 

wordenn bij een lichamelijk onderzoek gericht op deze subtiele en grovere aangeboren afwijkingen, 

eenn zogenaamd klinisch morfologisch onderzoek (Hoofdstu k 2). De term 'afwijkingen' betekent 

hierr vooral dat de uiterlijke kenmerken afwijken van het gemiddelde in de bevolking en bevat 

geenn waarde oordeel. De lijst heeft een 'boomstructuur' en verdeelt allereerst het lichaam in 29 

grotee anatomische of functionele gebieden, zoals 'gezicht', en 'arm'. Deze 29 gebieden worden 

vervolgenss onderverdeeld in 98 kleinere structuren, zoals het ooglid, en de neuspunt. Tenslotte 

wordenn deze 98 structuren weer onderverdeeld in de 683 kleinere en grotere 'afwijkingen' die in 

dezee 98 structuren kunnen worden beschreven, zoals bijvoorbeeld een brede neuspunt, of een 

vlakkee neuspunt. In een tabel wordt vervolgens van al deze kenmerken aangegeven of het gaat 

omm een bijzondere en dus belangrijke afwijking, dan wel om een kleinere, meer algemene en dus 

minderr belangrijke afwijking. 

Omm te kijken of zo'n klinisch morfologisch onderzoek betrouwbaar kon worden uitgevoerd, werden 

vann de eerste 100 onderzochte patiënten, er 31 door beide onderzoekers nagekeken, onafhankelijk 

vann elkaar. Het onderzoek bleek zeer betrouwbaar te kunnen worden uitgevoerd. 

Vervolgenss hebben we in een periode van ruim 3 jaar 1073 kinderen en volwassenen nagekeken 

diee als kind behandeld zijn voor een kindertumor of kinderleukemie. In Hoofdstu k 3 beschrijven 

wee welke syndromen we hebben gevonden in deze (ex-)patiëntengroep. Wanneer een patiënt 

verdachtt werd van het hebben van een syndroom, op basis van het grote aanta! bijzondere uiterlijke 
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kenmerken,, de speciale combinatie van die afwijkingen, ziektes in de familie, of de bij die patiënt 

gevondenn tumor, werd de patiënt ook gezien door de tweede onderzoeker. Zo mogelijk werd een 

syndroomm verdenking ondersteund met aanvullend onderzoek van het erfelijkheidsmateriaal (DNA-

off chromosoom diagnostiek). Wanneer we, ondanks een hoge verdenking op een syndroom, nog 

geenn bekende syndroomdiagnose konden stellen, gaven we deze patiënten het predikaat 'private 

syndrome'.. In totaal hebben we bij 45 patiënten een bekende syndroomdiagnose gesteld (4,2% 

vann het totale aantal patiënten) en bij 35 een 'private syndrome'. In totaal hadden dus 7,5% van 

dee patiënten een bekend of mogelijk nieuw syndroom. Dit is een veel hoger percentage dan in de 

restt van de bevolking, hetgeen betekent dat afwijkingen in de erfelijke aanleg inderdaad een 

belangrijkee rol spelen bij het ontstaan van kindertumoren en leukemieën. Bovendien hebben we 

verschillendee nieuwe tumor-syndroom combinaties gevonden. Drieëntwintig van de 45 bekende 

syndroomdiagnosess zijn nieuw gesteld tijdens deze studie, wat betekent dat de gewone 

kindergeneeskundigee zorg ontoereikend is om deze syndromen op te sporen. Wij denken daarom 

ook,, dat alle kinderen met een tumor of leukemie eenmaal gezien zouden moeten worden door 

eenn klinisch geneticus of kinderarts met speciale interesse in de klinische morfologie, om syndromen 

inn deze groep op te sporen. Op die manier kunnen we direct de zorg voor kinderen met kanker en 

hunn familie verbeteren. Tegelijkertijd leren we meer over de ontstaanswijze van kindertumoren, 

watt kan leiden tot een betere zorg voor kinderen met kanker in de toekomst, 

fnn Hoofdstu k 4 beschrijven we de frequenties van de verschillende kleine en grote aangeboren 

afwijkingenn zoals we die vonden in de gehele groep van 1073 kinderen met kanker, en de patronen 

vann afwijkingen zoals we die zagen in de verschillende tumorgroepen. Aangeboren afwijkingen 

blekenn veel meer voor te komen bij kinderen met kanker dan in een groep gezonde kinderen: 

55,1%% van de patiënten had een of meer belangrijke kleine aangeboren afwijkingen, vergeleken 

mett 14,7% van de kinderen in de controlegroep. De betrouwbaarheid van dit scoren bleek opnieuw 

groot.. Achtentwintig van de gescoorde afwijkingen kwamen duidelijk vaker voor bij kinderen met 

kanker.. Ook op een andere manier laten we nog eens zien dat 23 afwijkingen duidelijk geassocieerd 

zijnn met verschillende tumorgroepen. Bovendien vinden we nieuwe patronen van aangeboren 

afwijkingenn die duidelijk gekoppeld zijn aan bepaalde tumortypen. Dit ondersteunt opnieuw onze 

hypothesee dat oude (Hoofdstuk 3) en nieuwe (Hoofdstuk 4) tumorpredispositie syndromen een 

belangrijkee rol spelen bij het ontstaan van kindertumoren en leukemieën. Deze syndromen kunnen 

veroorzaaktt worden door onderliggende afwijkingen in het erfelijkheidsmateriaal (het DNA/de 

chromosomen),, omgevingsfactoren (zoals giftige stoffen of radioactieve straling), of een combinatie 

hiervan.. Wij denken dat het onderzoeken van deze patronen van aangeboren afwijkingen bij 

kinderenn met kanker ons veel kan leren over deze onderliggende factoren. Nieuwe syndroom

tumorr combinaties zullen worden onderzocht. Van syndromen waarvan de onderliggende afwijking 

inn het erfelijkheidsmateriaal reeds bekend is, zal bekeken worden of deze afwijking wellicht ook 

eenn rol speelt bij het veroorzaken van de tumor. Verder zullen speciale patronen van uiterlijke 
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afwijkingenn die specifiek zijn voor bepaalde tumoren onderzocht worden op hun overlap met 

reedss bekende syndromen. Zo ja, dan zal gekeken worden of (gerelateerde) afwijkingen in het 

erfelijkheidsmateriaall wellicht ook verantwoordelijk zijn voor deze nieuwe patronen van uiterlijke 

kenmerkenn en hun bijbehorende tumoren. 

Niett alleen uiterlijk zichtbare afwijkingen, maar ook afwijkingen aan het skelet kunnen ons iets 

lerenn over de onderliggende oorzaken van kinderkanker (Hoofdstu k 5). Een groot deel van de 

kinderenn met een tumor of leukemie krijgt bij diagnose een foto van de borstkas (thoraxfoto), om 

dee uitbreiding van de ziekte te beoordelen. Op die foto's zijn de ribben van de kinderen goed te 

beoordelenn op de aanwezigheid van aangeboren afwijkingen. We hebben 906 thoraxfoto's van 

kinderenn met kanker en 881 thoraxfoto's van gezonde controle kinderen nagekeken op de 

aanwezigheidd van ribafwijkingen. Elke foto werd hierbij onafhankelijk beoordeeld door twee 

deskundigen.. Over het geheel genomen was er geen verschil tussen het aantal en de soort 

ribafwijkingenn bij kinderen met kanker en gezonde controles. Halsribben werden echter wel duidelijk 

vakerr gevonden bij kinderen met kanker, en wel in het bijzonder bij kinderen met een acute 

lymfatischee leukemie, een kiemceltumor, en met bepaalde hersentumoren. Bepaalde stukjes 

erfelijkheidsmateriaall (de zogenaamde Hox-genen) zouden verantwoordelijk kunnen zijn voor het 

ontstaann van deze halsribben en wellicht bij kunnen dragen aan het ontstaan van leukemie. 

Tijdenss de bovenbeschreven studies werd onze aandacht getrokken door twee bijzondere families. 

Hett eerste gezin bestond uit een moeder en haar drie zoons, die alle 4 een heel divers beeld lieten 

zienn van aangeboren afwijkingen, waarbij we in het begin dachten aan het Bannayan-Riley-Ruvalcaba 

syndroom,, maar waarbij later de diagnose PTEN Hamartoma Tumor syndroom gesteld werd 

(Hoofdstu kk 6). Dezelfde mutatie in het PTEN gen werd bij alle 4 aangetroffen. Dit betekent dat ze 

allee 4 een duidelijk verhoogde kans hebben op het ontwikkelen van goedaardige tumoren (voornamelijk 

vann de huid) op de kinderleeftijd, en op kwaadaardige tumoren op de Gong) volwassen leeftijd. 

Inn Hoofdstu k 7 beschrijven we een gezin, waarbij de ene dochter (geboren na reageerbuis 

bevruchting,, waarbij de moeder tijdens de zwangerschap medicijnen slikte voor haar epilepsie) 

eenn neuroblastoom kreeg en bij de andere dochter een syndroom werd vastgesteld dat veroorzaakt 

werdd door een abnormaal aantal chromosomen in een deel van haar lichaamscellen. De mogelijke 

verbandenn tussen het neuroblastoom, de reageerbuisbevruchting, het gebruik van anti-epilepsie 

medicijnenn tijdens de zwangerschap, de chromosoomafwijking en het beroep van ouders worden 

uitgebreidd besproken. 

Inn Hoofdstu k 8 laten we zien hoe één van de kandidaat-genen (stukjes erfelijkheidsmateriaal die 

mogelijkk mede verantwoordelijk zijn voor het ontstaan van een tumor) getest wordt in het 

neuroblastoom.. Het neuroblastoom is een tumor van de kinderleeftijd die voor komt in de bijnier 

enn in het zenuwweefsel zoals dit naast de wervelkolom ligt. Tijdens het onderzoek van de 1073 

kinderen,, die behandeld zijn of worden voor een tumor (hoofdstuk 3 en 4), stelden we voor het 

eerstt de diagnose LEOPARD syndroom bij een jongen die als baby was behandeld voor een 
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neuroblastoom.. Dit is een syndroom waarbij kinderen onder andere een geringe lengte hebben, 

typischee gelaatstrekken, afwijkingen van hun borstkas, hartafwijkingen kunnen hebben en vele 

pigmentvlekkenn (vandaar de naam LEOPARD, Engels voor luipaard, waarbij elke letter staat voor 

11 aspect van het syndroom). Het LEOPARD syndroom is verwant aan het Noonan syndroom dat 

mett name minder uitgesproken huidafwijkingen heeft. Beide syndromen worden veroorzaakt door 

afwijkingenn in het PTPN11 gen, gelegen op chromosoom 12. Bij het bestuderen van de literatuur 

vondenn we nog 5 meldingen van de combinatie van een neuroblastoom met het Noonan syndroom. 

Ditt is veel meer dan je op basis van toeval zou verwachten. Bovendien was uit recent onderzoek 

geblekenn dat dit PTPN11 gen een belangrijke rol speelt bij het veroorzaken van een speciale vorm 

vann kinderleukemie. Allereerst hebben we de PTPN11 genafwijking die past bij het LEOPARD 

syndroomm aangetoond in onze patiënt. Daarna hebben we in een groot aantal neuroblastoom 

tumorenn van kinderen zonder het Noonan of LEOPARD syndroom gekeken of we een afwijking in 

hett PTPN11 gen konden vinden. Dit onderzoek is nog gaande, maar tot nu toe hebben we al een 

eerstee afwijking gevonden, die gezien de plek van deze afwijking in het gen, waarschijnlijk (mede) 

dee tumor veroorzaakt. Dit is het eerste bewijs dat dit gen een rol speelt bij het veroorzaken van 

kindertumorenn in het algemeen en neuroblastomen in het bijzonder. Dit voorbeeld laat zien dat 

hett nauwkeurig onderzoeken van kinderen met kanker inderdaad waardevolle informatie op kan 

leverenn voor de patiënt zelf en zijn/haar familie, en bij kan dragen aan het opsporen van genen 

diee betrokken zijn bij het ontstaan van kindertumoren en leukemieën. 
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Dankwoor d d 
Jann de Kraker : allereerst wil ik jou bedanken, omdat jij me teruggehaald hebt naar het AMC. Jan, 

ikk waardeer je enorme ervaring in de kinderoncologie, je manier van 'dokter zijn' en vooral ook de 

menss die je bent, oprecht en vol prachtige humor. Jan, je bent mijn 'voorbeeld dokter'. 

Huibb Caron : samen met Jan hebben wij de eerste gesprekken gevoerd over mijn komst naar het 

AMC,, gesprekken over het fellowship, maar vooral ook over het onderzoek. In de eerste gesprekken 

wass het onderwerp van het onderzoek nog verre van duidelijk, maar direct vanaf het begin werd 

ikk getroffen door je enorme enthousiasme en gedrevenheid. The 'Alert Physician Concept', een 

ideee voortgekomen uit een smeltkroes van de ideeën van met name Tom Voute, Raoul Hennekam, 

Rogierr Versteeg en van jou, sprak mij enorm aan; kunnen we door gewoon goed te kijken naar 

onzee patiënten meer leren over de oorzaken van kinderkanker? In de afgelopen zes jaren heb ik 

geprobeerdd dit prachtige idee gedegen uit te werken, gecombineerd met mijn fellowship 

kinderoncologie.. Samen met Raoul heb je me intensief gecoacht, waarbij wederom je enthousiasme 

enn doortastendheid bevliegend was. Je wist wilde nieuwe ideeën feilloos af te wisselen met een 

ongelofelijkk inzicht in de grote lijnen die vast gehouden moesten worden. Dankzij jouw gedrevenheid, 

enn natuurlijk de inzet van Peter van Sluis, is hoofdstuk acht nog in dit boekje terecht gekomen. 

Huib,, ik ben je enorm dankbaar voor de manier waarop je keer op keer je waardering voor mijn 

werkk hebt laten blijken. Dit deed je in terloopse gesprekken maar ook door spontaan reeds in een 

vroegg stadium een goede plek voor me te organiseren als vast staflid van de afdeling 

kinderoncologie,, wat mij enorm heeft gemotiveerd. Ik waardeer de manier waarop je leiding 

geeftt aan de afdeling en aan de verschillende onderzoekslijnen: je eist scherpte en enorme inzet, 

maarr geeft mensen de ruimte en verantwoordelijkheid opdat ze zich ten volste kunnen ontplooien, 

enn weet dit ook te benoemen. Je staat voor de afdeling, voor je team en de patiënten. 

Raoull  Hennekam : Raoul, nadat ik eerst Jan en Huib had gesproken herinner ik me als de dag van 

gisterenn ons eerste gesprek in oktober 1998 samen met Huib, in je kamer, toen nog op G8: ogen 

voll vriendelijk vuur, vol van de gedachte dat de klinische blik van het allergrootste belang is voor 

hett aansturen van basaal moleculair biologisch onderzoek, gecombineerd met je rustige en uiterst 

vriendelijkee en optimistische karakter. Raoul, ik heb enorm veel van je geleerd, zowel op het 

klinischee en wetenschappelijke, als op het menselijke vlak. Ik ben gefascineerd door je manier van 

kijkenn naar de patiënt, verschillende systemen met elkaar combinerend, om zo tot vaak nieuwe 

gedachtenn te komen met betrekking tot de etiologie en pathogenese van het beeld van die specifieke 

patiënt.. Het is een duidelijke aanvulling op mijn opleiding tot kinderarts en kinderoncoloog. Je 

hebtt me de grondbeginselen van het schrijven van een wetenschappelijk artikel bijgebracht, tussen 

hett opvouwen van de was door, terwijl we vast zaten in Los Angeles op 11 september 2001. De 

eerstee versies van de verschillende stukken zijn steeds door jouw scherpe rode pen 'gemoduleerd', 

enormm bedankt voor deze opleiding! Verbazingwekkend en enorm motiverend was steeds de 

snelheidd waarin dit gebeurde, net als Lucky Luke, sneller dan je schaduw; vrijdag nacht gemaild, 
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betekendee vrijwel altijd dat ik het zaterdag al weer terug had. Dat hield de vaart erin, zeker omdat 

dee combinatie van mijn klinische bezigheden en het onderzoek niet altijd goed samengingen. 

Altijdd werden je correcties vergezeld van een motiverende mail vol humor, met vaak ook weer 

nieuwee en enthousiasmerende ideeën. Je uitgebreide internationale netwerk maakte dat het 

uitwerkenn van die ideeën, praktisch of theoretisch ook weer ging op z'n Lucky Luke's, sneller dan 

jee schaduw. Tegelijkertijd heb je laten zien dat je in de academische wereld kan bereiken wat je 

verdient,, door gewoon jezelf en heel goed te zijn. Raoul, nogmaals gefeliciteerd met je pracht plek 

inn Great Ormond Street. Terwijl ik dit schrijf zit ik in Londen, en ik hoop hier nog vaak te komen 

omm nieuwe ideeën met je uit te werken, en daarnaast voor een goed gesprek met m'n coach. 

Enormm bedankt Raoul! 

Bestee Annek e en Astrid : dank voor jullie steun achter de schermen! Dank voor de tijd en energie 

diee ik van jullie echtgenoten heb mogen krijgen. 

Tomm Voute : beste Tom, het 'Alert Physician Concept' komt voor een belangrijk deel bij jou vandaan, 

enn daarvoor ben ik je enorm dankbaar. Hoewel je niet de directe begeleiding van het project hebt 

gedaan,, ben je - zoals zo vaak - wel de medeaanstichter van deze studie. Tijdens de rit heb je vaak je 

enthousiasmee getoond. Dat enthousiasme beperkte zich niet alleen tot deze studie; tijdens m'n fellowship 

hebb je me naar elk mogelijk congres en study-group meeting gestuurd om zoveel mogelijk kennis te 

absorberenn en mensen te ontmoeten. Wanneer je meeging, zoals bijvoorbeeld naar Kreta, toonde je 

tegelijkertijdd dat jij geniet van alle facetten van het leven en niet de kinderoncologie alleen. Daarnaast 

hebb ik veel van je geleerd met betrekking tot de moeilijke momenten in ons vak; dat je mensen niet alle 

hoopp mag ontnemen, en hoe je om kan gaan met het levenseinde. In dit soort situaties kon ik altijd bij 

jee binnenlopen, het heeft me mede gevormd tot de kinderoncoloog die ik nu ben. 

Dearr Professo r Opitz , I would like to express my utmost gratitude for the fact that you have been 

willingg to serve as external examiner of my PhD-project, and for your actual presence at my 

dissertationn in Amsterdam. This is a great honor for me, as I admire your extensive knowledge and 

work,, being one of the founders of clinical morphology. It was a great pleasure for me to correspond 

withh you and professor Méhes about our first paper which was published in the Blue Journal in 

2003.. I really enjoyed your sharp views, your love for details, your extensive knowledge of the 

Englishh language, the history of clinical morphology, and last but not least the humor you shared 

withh us. Thank you very much, and it will be a pleasure finally meeting you on November 16th. 

Dearr Professo r Aaltonen , also to you I would like to express my utmost gratitude for the fact that 

youu are willing to serve as external examiner for my PhD-project and for your actual presence at my 

dissertationn in Amsterdam. This is a great honor for me, as I admire your extensive work and knowledge 

inn inherited tumor predisposition syndromes. Although my work so far mainly covers clinical 

morphologyy in pediatric oncology, and the translation phase to probable candidate genes has only 

justt started, it is for this same reason that I estimate your opinion highly valuable, and I hope that we 

cann build on a cooperation in the search for candidate genes in the near future. Thank you very 
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muchh for your presence in Amsterdam November 16th; I am looking forward to finally meeting you. 

Rogie rr  Versteeg : beste Rogier, ook jij was een van de aanstichters van dit project, daarvoor mijn 

oprechtee dank. Als klinicus heb ik heilig ontzag voor jouw uitgebreide moleculair biologische 

kenniss en scherpe analytisch vermogen. Pas recent is onze samenwerking van een theoretisch 

sparrenn over de studie uitgegroeid tot een praktische samenwerking bij de analyse van het PTPN11 

genn in neuroblastoma; een eerste mutatie in een tumor, die wij veronderstelden door de resultaten 

vann het klinische morphologisch onderzoek, werd ook daadwerkelijk gevonden! Een eerste kroon 

opp het project! Ik dank je enorm voor het meedenken over deze studie, voor het zitting hebben in 

dee beoordelingscommissie van mijn proefschrift, en ik hoop dat we onze samenwerking tot grote 

bloeii kunnen brengen. Dank je Rogier! 

Kooss Zwinderman : beste Koos, ik bewonder de manier waarop je complexe statistische methoden 

inzichtelijkk kunt maken voor klinici zoals ik. Je deur stond altijd open als ik - nadat ik me eindeloos 

vastt had gebeten in een nieuwe analyse - moest toegeven dat ik er zelf niet uitkwam. Dat, gevoegd 

bijj je gevoel voor humor, maakte de samenwerking erg plezierig. Verder wil ik je natuurlijk enorm 

bedankenn voor het zitting hebben in de beoordelingscommissie van mijn proefschrift. Je bent 

echterr nog niet van me af; eind dit jaar hoop ik analyses te mogen doen met de eerste data van de 

controlee groep. Ik hoop dat ik dan opnieuw bij je aan mag kloppen. 

Chari ss  Eng: Dear Charis, thank you for your stimulating cooperation, and thoughtful comments 

inn the diverse projects you shared with us. 

(Ex-)Patiënte nn en hun ouders , zonder wiens inzet dit onderzoek niet mogelijk was geweest: 

enormm bedankt voor jullie medewerking. 

Huib ,, Jan, Henk, Jozsef , Arnauld , Cor en Marianne : samen vormen we een pracht team. Enorm 

bedanktt voor jullie steun in de afgelopen 6 jaar! 

Marianne ,, een extra woordje voor jou; we hebben de afgelopen jaren vele leuke, stressvolle en 

droevigee momenten kunnen delen. Ik ben blij met jou als kamergenote. 

Hett hete team van F8Noor d en de dagverpleging : dank voor jullie steun, en Vera dank voor je 

specialee zorg voor (mij en) mijn patiënten. 

Hester ,, Caroline , Antoinett e en Katenka : dank voor jullie secretariële en soms ook psychologische 

ondersteuningg de afgelopen jaren. 

Piett  Bakker , Maud Geenen, Heleen van der Pal, en arts-assistente n intern e geneeskunde : 

dankk voor jullie inzet voor de inclusie van patiënten. 

Floo rr  van Leeuwen , Patric k Bossuyt , Fred Menko en Frank Baas: dank voor het zitting hebben 

inn mijn begeleidingscommissie. Floor : mijn speciale dank aan jou, voor het kritisch meedenken bij 

dee start van het onderzoek, en in het bijzonder bij het opzetten van de controle groep. 

Hugoo Heymans : dank voor je altijd enthousiasmerende gesprekken, voor zowel dit onderzoek als 

dee kliniek. 

Mathild ee Ubbink , Richar d Heinen en medewerker s van de PLEK: dank voor jullie hulp tijdens 
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dee studie. Richard , waar mijn kennis van software ophield, ben jij vaak de reddende engel geweest. 

Claraa van Karnebeek : Clara, samen met Raoul hebben we DE LIJST gemaakt tot een mooi stuk, 

maarr vooral wil ik je danken voor je enthousiaste, gezellige en humoristische bijdrage aan mijn 

eerstee jaren op het AMC. Gelukkig ben je snel weer terug op het nest. 

Hevall  Ozgen : Heval, dank voor je inzet en enthousiasme voor het normaalwaarden project. We 

gaann samen een prachtig stuk schrijven dat door velen gebruikt zal gaan worden! Jacquelin e 

vann der Bur g en het team van afdeling jeugdgezondheidszorg GGD Kennemerland: enorm bedankt 

voorr de goede samenwerking in het normaalwaarden project. Dankzij jullie inzet zijn er straks 

belangrijkee normaalwaarden die essentieel zijn voor dit onderzoek, en voor onderzoek naar vele 

anderee ziekten in de kindergeneeskunde. 

Jann Koster : dank voor je hulp bij het vertalen van mijn data in een overzichtelijk figuur. Rob en 

Eelco ::  dank voor het vertalen van de computerversie van dit figuur in een kleurrijk plaatje. 

Peterr  van Sluis : zonder jouw enthousiaste inzet op het lab was hoofdstuk acht nooit in dit boekje 

gekomen.. Enorm bedankt hiervoor, en ik hoop dat we samen nog menig project mogen uitwerken. 

Mari oo Maas, Ann e Smets en Rick van Rijn : naast het feit dat het heerlijk samenwerken is met 

julliee als radiologen in de kliniek, wil ik jullie enorm bedanken voor jullie input in hoofdstuk vijf. Het 

iss bewonderenswaardig dat jullie na het reviewen van 1000 foto's elk nog zo aardig tegen me 

zijn;; op naar de handskelet studie! 

Jasmij nn Kobes : heel veel dank voor je hulp bij het organiseren van de review van zoveel foto's. Ik 

hebb er veel vertrouwen in dat je een goede kinderarts gaat worden. 

Chri ss  Bor : dank voor het editen van dit proefschrift en voor je relativerend vermogen. 

Menn oo & Lin , Ernst-Ja n & Astrid , Paul & Astrid , Tom & Marina , Jaco & Anja , Kim & Melissa , 

Lisette ,, Mirja m & Roderik , en alle ander e vriende n die ik hier met geen mogelijkheid allemaal 

mett naam kan noemen: dank voor jullie vriendschap, geduld en steun in deze te drukke tijd, en 

opp naar vele sociale, sportieve en culinaire events. 

Paul ,, Tom , en Ernst : dank dat jullie mij willen bijstaan op deze bijzondere dag. 

Rutger ,, Marieke , opa & oma en Marry in gedachten: dank voor jullie steun en liefde. 

Liev ee famili e in Nederlan d en in Canada: dank voor jullie interesse en steun. 

Joland aa & Robert , pa & ma: dank voor jullie kritische blik voor de Nederlandse samenvatting, en 

voorall heel veel dank voor zoveel onvoorwaardelijke steun en liefde. Pa en ma: de nieuwsgierigheid 

enn interesse in de wereld om mij heen en het doorzettingsvermogen is mij door jullie met de 

paplepell ingegeven, en is de grondslag geweest voor deze promotie en een belangrijk deel van 

mijnn loopbaan. Dank jullie wel! 

Han::  dolgelukkig ben ik met je: jouw inspirerende, verzorgende, kritische, liefdevolle aanwezigheid 

inn mijn leven is van onschatbare waarde geweest voor zovele dingen, maar ook bij de 

totstandkomingg van dit boekje. Op naar jouw promotie, en naar de vele mooie dingen in ons 

levenn die zullen volgen. Lieve zoen. 
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