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6.1 Introduction

More attention has been paid to the inherited nature of
malignant tumors in children and adolescents, lately.
Children with rare tumors may be at an increased risk of
cancer because of a known cancer predisposition syn-
drome as Li-Fraumeni syndrome in case of adrenocorti-
cal tumors or multiple endocrine neoplasia (MEN2) in
case of medullary thyroid tumors. Such cancer syn-
dromes are commonly suspected in case of multiple
malignancies within a family or a patient himself and/or
in case of an adult-type tumor in children or adolescents.
Interestingly though, it could be shown that strong pre-
disposing mutations like BRCA1 and BRCA2, leading
to individual risks of breast cancer of around 60% by
age 70, together account for less than 5% of overall
breast cancer incidence (Ponder 2001). Also, pediatric
oncologists are not trained to pick up minor signs of
cancer susceptibility, and therefore, syndromes might
be overlooked. As discussed further down, it could be
shown that the prevalence of minor and major morpho-
logical abnormalities is higher in patients with child-
hood cancers compared with controls — once more
stressing the importance of constitutional genetic defects
in pediatric oncogenesis and maybe pointing to so far
unknown predisposition syndromes (Merks et al. 2008).
This article gives an overview of mechanisms leading to
cancer susceptibility, of known cancer syndromes
(Table 6.1), and of the diagnostic approach and manage-
ment, which can be followed in case of a suspected
genetic predisposition for cancer. Within the single
chapters of this book discussing the etiology of specific
rare entities, several cancer syndromes are mentioned.
Please refer to these chapters for detailed information
on specific cancer syndromes and related malignancies.
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Fig. 6.1 The emergent integrated circuit of the cell (Courtesy of Hanahan and Weinberg 2000, with permission from Elsevier)

6.2 Hallmarks of Cancer Cells

Each cancer has traveled a specific route to arrive at its
full phenotype. However, this multistep process can be
reduced to a specific spectrum of acquired dysregulated
cellular properties. Hanahan and Weinberg (2000) iden-
tified six ‘hallmark characteristics’ of the cancer cell
phenotype:

1. Self-sufficiency in growth signals: Normal cells
depend on mitogenic growth signals before they can
enter a proliferative phase. Growth signals are trans-
mitted to the cell via transmembrane receptors, bind-
ing three classes of signaling molecules: diffusible
growth factors, extracellular matrix (ECM) compo-
nents, and cell-to-cell adhesion/interaction molecules.
Self-sufficiency in growth signals can be achieved by
three mechanisms: (a) autocrine stimulation, i.e., cells
producing their own growth factors; (b) transmem-
brane receptors abnormalities, such as overexpression
of receptors (making the cell hyperresponsive to nor-
mal levels of growth factors), structural alterations of
receptors leading to ligand independent signaling, or

changes in the type of expressed ECM receptors (inte-
grins), favoring pro-growth signals; and (c) alterations
of the intracellular signaling circuit, e.g., the SOS-
Ras-Raf-MAP kinase pathway playing a central role
in signaling downstream of receptor tyrosine kinases
(RTKs; binding diffusible growth factors) and integ-
rins (Fig. 6.1, Hanahan and Weinberg 2000).

. Insensitivity to antigrowth signals: Antigrowth sig-
nals are essential to block a cell from entering from
the G1 into the S phase by inducing a quiescent (GO)
state or postmitotic differentiation. Similar to growth
factor signaling, antigrowth factors (soluble factors
and immobilized factors embedded in the ECM)
have theireffect viabinding to specific transmembrane
receptors, inducing an intracellular signaling cas-
cade. The intranuclear retinoblastoma protein
(Rb-protein) has a central role here; in a hypophos-
phorylated state, Rb-protein binds to and inactivates
the E2F transcription factors that control the expres-
sion of groups of genes essential for progression
from G1 into S phase, blocking the cell from pro-
gression to the S phase (Weinberg 1995) (Fig. 6.1).
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Normal cells are responsive to soluble antigrowth
signals such as TGF-B that binds to its receptor
(TGF-BR), signaling successively downstream via
Smad4, p15 (INK4B), the CyclinD-CDK4 complex,
eventually keeping the Rb-protein in a hypophos-
phorylated state (Fig. 6.1), thus blocking cell progres-
sion to a proliferative state. Disruption of the several
steps of this pathway may result in insufficient
response to antigrowth signals, making the cell insen-
sitive to physiological growth inhibitory factors.

. Evading apoptosis: Sensors and effectors constitute
a complex circuit monitoring the intra- and extracel-
lular environment for (ab)normalities and determin-
ing whether the cell should live or enter a phase of
programmed cell death. Extracellular survival sig-
nals (e.g., IGF-1, IGF-2, and IL-3) and death signals
(e.g., Fasligand and TNFa) bind to their correspond-
ing receptors (Fig. 6.1). Together with intracellular
sensor signals, many converge on the mitochondria
via different (often interacting) pathways such as the
PI3—AKT pathway, members of the Bcl-2 family of
proteins, and p53. When pro-apoptotic signals pre-
dominate, mitochondria release cytochrome C, cata-
lyzing apoptosis. The ultimate effectors of apoptosis
are a family of proteases, termed caspases, finally
executing the death program (Fig. 6.1). Alterations
in the several steps of this complex network, either
potentiating the inhibitors of apoptosis (e.g., the
upregulation of the Bcl-2 oncogene in lymphoma
(Korsmeyer 1992)) or restraining the physiological
death signals or apoptosis effectors (e.g., the epige-
netic silencing of caspase 8 in neuroblastoma (Teitz
et al. 2000)), withdraw the cell from its physiologi-
cal “health security system.”

4. Limitless replicative potential: Each cell seems to

have a “counting device” for cell generations, called
telomeres; the ends of chromosomes are composed
of thousands of repeats of a short 6-base pair
sequence element. Each cell replication leads to
loss of 50-100 base pairs of the telomeric DNA of
both ends of each chromosome. Multiple replica-
tions will lead to progressive shortening of the
telomere ends, finally disabling the protective func-
tion of the telomeres after 60—70 replications (in
cultured cells). This then leads to end-to-end chro-
mosomal fusions, finally resulting in the death of
the affected cell (Hayflick 1997). Telomere mainte-
nance is a capacity virtually all cancers have
obtained, either by upregulating expression of the
telomerase enzyme (which adds hexanucleotide
repeats onto telomeric ends) or by activating ALT,

which maintains telomeres through recombination-
based interchromosomal exchanges of sequence
information.

5. Sustained angiogenesis: Like normal cells, tumor
cells depend on nutrients and oxygen, obliging them
to reside within 100 um of a capillary. In a physio-
logical state, proliferating cells are unable to induce
angiogenesis. Tumor progression requires the neo-
plastic cells to gain angiogenic ability. Many tumors
show increased expression of soluble growth factors
like VEGF and FGF, both binding to their corre-
sponding transmembrane tyrosine kinase receptors
on endothelial cells. On the other hand, endogenous
angiogenesis inhibitors, such as thrombospondin-1
or B-interferon, may be downregulated. Integrins
and adhesion molecules, respectively mediating
cell-matrix and cell-cell adhesion, play crucial roles
in the regulation of angiogenesis. Proteases in the
ECM can control the bioavailability of angiogenic
activators and inhibitors. Disturbances at the differ-
ent levels of the “angiogenic switch” may result in a
sustained pro-angiogenic state.

6. Tissue invasion and metastasis: Cadherins, cell adhe-
sion molecules (CAMs) (Cavallaro and Christofori
2004), integrins, and proteases (Fig. 6.1) play key
roles in the ability of cancer cells to become invasive
or metastatic. Normal epithelial cells show intercellu-
lar E-cadherin bridges with their neighbors, resulting
in antigrowth signals via -catenin. In most epithelial
cancers this pathway is disrupted. Changes in the iso-
form of the cell adhesion molecule N-CAM, from a
highly adhesive to a poorly adhesive or even repulsive
isoform, and reductions in overall expression of the
N-CAM molecule will lead to reduced cell-cell adhe-
sion, favoring the metastatic capacity of tumor cells.
Alterations of integrin expression enable the adapta-
tion of tumor cells to a changing microenvironment in
their invasive and metastatic journeys. Finally, upreg-
ulation of protease genes and downregulation of pro-
tease inhibitor genes will enable the docking of active
proteases on the cancer cell surface, facilitating inva-
sion of cancer cells into nearby structures.

6.3  Acquisition of Tumorigenic
Alterations

Apparent from the six hallmarks, for a cell to become
a cancer cell, multiple (epi)genetic changes have to
occur to establish conflict with maintenance of
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Fig.6.2 A framework for
genetic effects on cancer

development (Courtesy of Bruce
Ponder 2001, with permission

from Nature Publishing Group).
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6.3.1 Factors Affecting the Probability
that Tumorigenic Alterations

Will Occur

External influences include environmental exposures,
such as cigarette smoke, diet, or UV-light exposure, the
response to which may be modified by genetic variation in
intra- and extracellular metabolism (Peto 2001). For
example, less than 20% of smokers develop lung cancer,
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indicating that many host factors determine individual
susceptibility, such as extent of carcinogen uptake, meta-
bolic activation and detoxification, DNA repair ability,
apoptosis and varying effects on genes in signal transduction
pathways, and regulation of the cell cycle (Hecht 2002).

6.3.2 Factors that Influence the Effects
of Tumorigenic Alterations

Variation of intracellular factors will modify the effect
of a particular genetic pathway event on the cellular phe-
notype, or its response to signals from outside. Paracrine
interactions with neighboring cells, systemic effects
from circulating hormones or growth factors, and immu-
nologic responses of the host comprise some of the
external factors that modulate the effects of pathway
events (Tlsty and Hein 2001; Dranoff 2004). Genetic
variation of these factors probably accounts for much of
the low-level predisposition to cancer, as it occurs in the
“normal” population (Ponder 2001; Nadeau 2001).

6.4  Cancer Predisposition
Family history and clinical phenotype are the cardinal
aspects of inherited tumor predisposition syndromes. In
his review on cancer genetics, Ponder discerned strong
and weak tumor predisposition (Ponder 2001).
Paradoxically, the largest category of inherited tumor
predisposition, in terms of its contribution to cancer
incidence, is the one with the weakest genetic effects:
tumor predisposition without evident family clustering,
apparently caused by low-penetrance tumor predisposi-
tion genes. For example, in breast cancer, the strongly
predisposing mutations in BRCA1 and BRCA2 lead to
individual risks of around 60% by age 70. However,
their combined contribution to overall breast cancer
incidence is less than 5%. By contrast, a weak tumor
predisposition gene, with a relative breast cancer risk of
2 and a population frequency of 20%, could account for
up to 20% of breast cancer incidence (Ponder 2001).
Strong cancer predisposition: Strong tumor predis-
position syndromes result from inheritance of either one
of the events on the cancer pathway or a defective DNA
repair system. Most syndromes show tissue specificity,
although reasons for specific patterns of expression are
mostly unclear. Another important characteristic is the
variability of cancer incidence, and the type of cancers
occurring within a given syndrome, but also within a

single family. The within-syndrome variation can be
accounted for by several factors: different germ line
genes causing the same syndrome or different muta-
tions in the same gene causing the same syndrome,
genetic modifiers, environmental influences, or chance.

The within-family variation most probably is accoun-
ted for by the effects of genetic modifiers (Ponder 2001).

Weak cancer predisposition: Weak predisposition
may result from weak alleles of the pathway or care-
taker genes and from genetic variations of host factors
influencing cancer development, as depicted in Fig. 6.2.
These genes might be collectively called low-pene-
trance tumor predisposing genes. As described above,
the word “weak” is misleading: Low-penetrance genes
are thought to account for a relatively large part of can-
cer incidence, and studying them may provide much
information about many different cancers, with impor-
tant potential public health implications.

6.5 Syndromes and Childhood Cancer
Cancer syndromes account for approximately 5—-10%
of all cancers in adulthood. Our understanding of
familial cancer syndromes is increasing rapidly, with
the emphasis shifting towards early detection of at-risk
families. Anyway, so far, not much is known about the
exact risk of children to be affected of malignant
tumors in case of a cancer syndrome, and specific pre-
vention programs are to be established.

To establish the incidence and spectrum of malfor-
mation syndromes associated with childhood cancer,
Merks et al. (2005a) performed a clinical morphologi-
cal examination on a series of 1,073 children with can-
cer. A syndrome was diagnosed in 42 patients (3.9%)
and the presence of a syndrome suspected in another 35
patients (3.3%), for a total of 7.2%. Twenty of the 42
syndrome diagnoses were not recognized in the patients
prior to this study, indicating that these diagnoses are
commonly missed. Therefore, all children with a malig-
nancy should be examined by a clinical geneticist or a
pediatrician skilled in clinical morphology. Besides the
known syndromes, new tumor predisposition syn-
dromes can be recognized as a result of such a meticu-
lous clinical genetic evaluation of a large cohort of
childhood cancer patients (Merks et al. 2008).

An overview of syndromes with concurring tumors
in childhood is presented in Table 6.1. Most tumor
syndromes in childhood are listed, together with main
references and a summary of their (presumed)



J.H.M. Merks and |.B. Brecht

74

uonisodsipaxd
lowng,

uonisodsipaxd
Jowng,

uonisodsipaid
lowmng,

uonisodsipaid
Jowng,

uonisodsipaid
Jowng,

QJUALINJIUO))

UOIJBIOOSSE
Jo a1mjeN

(ewIO)IRWIRY OBIPIRD
‘PUWOXAW BWOUIPE X910
[eUIpE ‘WOINAUOISULT
‘eUIO)IRWERY SNOIQY ‘BWOUD
-peoIqy ‘Iown) prourored
‘ewojed) ‘wisejdoau

[[99 wlIa3 rengnienul
‘qowrn) oes oA ‘ersed
-SApoeAw ‘BWOUTdIRd [[99
[eualI ‘ewo}se[qoonearoued
‘ewroydwA] ‘ewroores
-0AWopqeyI ‘ewo)se[qoI[3
BUIOISB[GOINAU “BWOULOIRD
Ie[n[eoojeday) vwoUTOILd
[BO11I000UIPE ‘BUIO)
-sejqojedoy ‘Jown)  SwIIp

BUIOUIDIRD [[99 [eseq
(ewourored

[ELIIOWOPUD ‘I9oULBd
PIOIAT) JB[NOI[[O] ‘IOOULD
jsea1q) sisodAjod [eunsajur
‘SeuwIo)eWRY ‘UONBULIOJ[B
Ie[nosea ‘ewodry

(puer3 prored pue ‘)searq
‘AIeAO ‘PIOIAY]) ‘XUATR] ‘TOAI]
‘Ioppe[q[[es ‘Urys JO BWou
-10IeD ‘BWIOIS ‘YOBUIO)S

JO BWOUIDIBOOUSPE ‘BUIO)
-Se[qO[[NPaUL) BWOUIDIRD
‘9SBASIp UNSPOH ‘BIUIayNQ[
onsejqoydwA| 9noe
‘ewoydwA] ur{SpoH-uoN

(yorwo)s 95,()9) eWIOU
-10IBO0UPE [BUTWIOPqY

BWOISB[qOINAN
s)[npe pue
UQIP[IYD UT SAIOUBUSIBIA

uawopqe
‘189 ‘On3u0) ‘YIMOISIOAQ

un[s ‘9soN

unys ‘rer
-[9¥so[nasnu ‘)or1-10)
‘ProIAY) ‘TeIoRJOTURID)

unys ‘weIsAs aunuur
‘sako ‘urerq ‘0o
up{s ‘Yo

syurof ‘ojered ‘urerg
suoi3ar Apog

(000T T8 10

[98ugy) 1ossaxddns Tourmy
:urjoxd /. 6d oY) sapoouo)
DINMAD PUe 6/H —
(urpnsur

JO uonode Y} Jo Joje[NUInS
‘UOTIOR QUOWLIOY (IMOIT

JO JOJRIpaW I0JORJ IMOIT
urooIne (7 J0]) siojoword
NmoI3 :([YWAN/LLIT=)
ILOTONDY Pue z49] —
:uor3ar GTd 1 ay) urgim
SUIBWOP 7 UI punoj souog
payurdwit Jo uone[ngara(

uMouyu)

(z00T

Sug pue a1epm) SITVIA —
asereydsoyd urajord ‘g I3V
/3€1d — sereydsoyd prdry °1
:aseyeydsoyd Ayrogroads [enp
e urpoous Jossarddns rowng,
(L66T Te 12 ueIeyseq)
uoneIper 3urzruor o) asuodsar
Ie[N[[9d Ay} UI dSBULY QUISOIA)
[qQV-0 S9JeAIIOE 9Seury

ALV [01U0d 9[04 [[20 pue
‘UONBUIqUIODAI dN)OTdUW ‘UOT)
-onpsuen [eusIs Jru3oju

UI PIAJOAUI ‘SOSBUDY-€
[onsouroydsoyd o3 rerurs
urdjo1d € sopooud N LY
(S661 Te 1

SIAIIN) ADISEIQOIAL] ($661
‘Te 32 se[3no(q) JOeutepidg

umowu)
(Jox) Aemyped
orasoyed (pawnsaig)

DINIAD
‘6IH
‘ILOIONDY
‘TdDI

umouyu)

NAHLd

niLv

uMouu)

umouwyun)
Juan

QouBqINISIP
Sunundur

/}09Jop Quag

/o119U930149

srdrr “9[qRLIBA
juBUIWIOP

LTb-ygbx payuI[-x
£2bo1 av
€TebIl v
paje[ax

umouyun) eisejdoaN
umouyu) av
Niklog| QourILIOYU]

(010T T2 32
TUBINOYD) PIMYog
—UUBWOPAIA
JUUBLWIPIIA
—PImydeg

(#661 e
u£21900) [0ISLIYD)
—o1dng—xozeg

(z661 Te 1
UI[I0D)) BQBO[BANY
—Ko[ryy—ueAeuueg

(SL61 19pog)
BISE)OISUR[Q) BIXEIY

(2961 T 19 Yn))
SUBDLITIU SISOY)UBOY

(S861 T8 10
uoned) [ Prus—osey
(Jo1) QWOIPUAS

sowoIpuAs uonisodsipaid Jowny pooypiyd L°9 djqger



75

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

(eworfoyyide
‘PWOULINAU ONSNOJe
‘BUWIOUTDIRD IOPPR[Qq)

ewojse[qoinau(or3ues)
‘BUIOOIRSOAWOPRYY

uonisodstpaxd
Jowng,

rwoise[qojeday ‘BruIYNa|

QOUALINJUOD) onse[qoydwA| noy
BUWIOUIDIRD [[90 [BSBq
‘IouIn) Ie[norisa) ‘LI N[
I0UBD IOAI] pUE ‘949 ‘Urys
‘ewoydwA] ur{3poy-uou
‘aseasIp UR[SpoH

uonisodsipaid
Jowng,
BUWIOUIPE [B10Np

puE BWOUSPEOIQY JSEIq
PIOXAW ‘SEWOUUBMUDS
‘S1S) JO JowIn) [[99 1[0}19S
Surkj1o[ed [[90-03Ie] ‘Iown)
1199 S1pAYT ‘BwOlAO0W
-o1yo0ayd ‘siowrny proIAy)
‘JowIny sl [ed11I00 [EUAIPR
‘stowrm) Areymyid ‘(3seaiq
‘UDYS ‘1eaY) SBWOXAJA

uonisodsipaxd
Jowny,

(130ued Jyeysoxd

dumouo:m& ‘I90uRd JseAIy)

uonisodstpaxd
Jowng,

(190UBd

URLIBAO ‘I90URD JSBAIY)
(ewoydwA|

UD[SPOH ‘BWODIBSO)SO
‘euI0)Se[qo[[NPaW
‘Iown)  SWiIAY ) BWOUIOIRD
1[99 snowrenbs ‘ewou
-1oIRO0UpE ‘ewoydwA]
UD[3pOH-UOU ‘BWYNI]
PIO[oAUL 9JNJL “BIWIAYNI[
onkooydwA] 9oy

uonisodsipaid
Jowny,

Uunys ‘rejo[ayso[nosnu
‘4Iedy ‘urelrq ‘[eroejoruer))

unys
9IeaY ISAYD ‘SAA? ‘ureIq
‘[eTORJOTURID ‘YIMOID)

WISAS
QUNUIWIT “UOJI[AS ITRH

unys ‘weIsks
QULIDOPUR ‘}oeN)-D)
)SBaIq )18y ‘SAAH

searoued ‘oreysoid ‘searg

AIeAO ‘Isearg

unys ‘erejuag
‘WYSAS QuUNUIT ‘YIMOILD)

(S00T Te 19 DoY)

so[nos[ow uonoNpsue) [eusts
SOPOOUD 2ua300U0-0301d
(900T 'T® 10 LOYIIN)
Qua30ou0-0301d © SI JVY g
sisoydode pue

‘uonerdyrjoid ‘uonenUAIYIP
“YIMoI3 [[99 Jo uone[n3ay

Mvayind YJVIN/SVI

(1002 'Te 10 eeduepry) VNI
[BWOSOqLI JO FUISSO0I1]

umowyu)
(661 Aurunuoly)

qayD 1oyoey uonduosuen
Surpnpour sayensqns

Auew jo uonejAroydsoyd
‘ouag Jossarddns rowng,
(000T Aqndg) sursjord
JIredor [eUOTIBUIqUIODAT

ym Juneradood £q jred

ur 3se9 Je ‘AJIgojur orwousd
JO 9OURUSJUTEW UT POAJOAUT
¢soua3 Jossarddns Jowny,

(9661 uewRn
pue sig) Auaur yNa
JO ddurUdUIRW ‘SISLII[AY

Apurey O99Y JO JoqUIS]A

SVIH

AN
‘IIAN
A2kl

dINYT

umouyuy)

VIdvIdd

vodd

1vodd

£100dd

gerdry

¢erdel

12bst
yebL

z1d-127dg

91de

¥cb-¢zbL1

€TIber

IZbL1

1'9¢bs1

(€00¢
AV  We_uudy) O[[a1s0D)

(800¢ uosue[y pue
INOWIITY) SNOSUEIND

orperods -010BJ-0IpIE))

(S661 T8 10
anpyeN) eisejdodAy

qv arey-o3emre)

0AOU 3P 9,()S 11 2d£y Aoure)

(S661
ay Asuie)) [ odAy Koure)

(1007 19318D) 190UBd
ay (ueneao pue) jseargq

(€661
AV UBULIDN)) WOO[g



J.H.M. Merks and |.B. Brecht

76

uonisodsipaxd
Jowng,

uonisodsipaid
lowng,

uonisodsipaxd
Jowng,

uonisodsipaxd
Iowny,

QJUALINJIUO))

uonisodsipaid
Jowng,
UOT)BIOOSSE

Jo aImjeN

(s1owny

au0q pup dupa4ound
‘puiojsvjqounjas ‘vutoydus]
“4owny J]22 w428 ) BTN
onsejqoydwA] 9noe
‘BIUIAYNA] PIO[AW INOY

BUWIOUIOIBOOUSPE [UISEA

(ewo)se[qopeuosd)
Jown) SWlIp

BUIODIBS [BIAOUAS ‘BUIOD
-IBS0Q)SO ‘BWOISB[qOUTIOY
BUIOUR[OW

‘ewoydwA] ‘(sased
[eSIOAQI X3S X X9t Ul)
BWO)SE[qOPLUOS ‘Bruioyna|
onsejqoydwA| ainoy

(unys Ay} JO BWOUIOIRD [[3D
[YISJAl ‘BWOUIOIED JIppPR[q
‘ewoueow ‘ewroydurA|
UR{SPOH-UOU ‘BIUaYNI|
projeAw 9noe ‘ewooresdory
‘ewIOUTOIR) puR[3 ATRAI[ERS
‘Journ) [[90 Ie[nueIs
‘BUWOIqUOINAU ‘BUIO)IBWRY
pnored ‘ewojse[qo[npaw
‘PWOISUTUAW “BWOUTOIRD
UO0[0J ‘BUIOUIOIED [0 [BUSI
‘BUIOUIOIED [RLIAWOPUD
‘BWI0}A001[3UES JR[[2qaI1ad
onse[dsAp ‘1ooued

PIOIA) JB[NOI[[0] ‘IooULD
jsea1q) sisodAjod [eunsajur
‘BWOWURIYOL) ‘BWOIqY
‘SUOTJRULIOJ[BW JR[NOSBA
‘ewodi ‘ewrodrjorduy
s)npe pue

UQIP[IYO UI SAIOURUSI[RIA

Uuny[s ‘uo)a[ays
‘uowopqe “)Ieay ‘proify)
‘urerq ‘[eroejoruer))

je1-NO

1R1-NO

SAgpony
‘snue ‘10en-N0 ‘Uedy
Jodu ‘urelq ‘eroejorueI)

SquIT| ‘UsWopge 1Sayd
Joau ‘urelq ‘eroejorueID)

SNOAURINO0ONUI
‘[eIR[so[nosnuI
“9oen-10 J0RN-N0O
‘s)s821q ‘pIOIATY
‘ureiq ‘[eroejoruer))
suoi3ar Apog

(000t
“[& 32 Q[SEH) [ QWOSOWOIYd

U0 $oua3 J0ssarddns
Jownj pIjos pue oruag
-OwYNI[ JO uoIssardxaroa

(€661 Toyosney) LA\ 1030€]
uonduosuenyiossarddns

Joun) Jo UoneAORU]
((T00T MOJIEH pUE UOSSED)
paajoAur 2ua3 Jossarddns
Jown qy :uonisodsipaid
Jown) urpredar) umouyun)

uMmouyu)

(zooz

Sug pue Arepm ) IdVIN —
asejeydsoyd wrgjord ‘g 13V
/€1d — asereydsoyd prdiy |
:aseyeydsoyd Ayrogroads fenp
© Surpooua Jossaxddns rowng,
(Jox) Aemuped

oruagoyjed (pawnsaig)

1c
QWIOSOWOIYD

amuyg

[LM

uMmouyu)

umouyu)

NALd
Quan

1 Awosty,

erdrr

ceber-1¢be

(uonorepaig)
zede

€zbor
Niblog|

[BWOSOWOIY)

ua30JeIa],

orperodg

[ewosowoIy)

[EWOSOWOIYD)

av
QourjLIAYU]

(0661
[eyosang) umo(

(zLol T8 10
JsqIoH) AypedoAiquia

[01saqIISIARAIQ

(7661 ToITPNIA)
yserq—sAuog

(€661 T8 12
umoug) (be)ea

(8861
‘Te 32 10mH) (d6)rea

(+00z Sug
PUE DySIE[I]) USPMOD)
(Jo1) QWOIPUAS

(ponunuoo) 19 ajqeL



77

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

BUWOUB[IIA

uonisodsipaid
Jowng,

(120UBD
onearoued) vwOUR[I]A

(suonipuod

Surddejroao ur pap1ooax
u29q 2Aey Aew swsejdoou
19130) ewO[NUEIF [0 JuLI3
‘BWOISUBWIAY ‘SBWOUIPE
Arerqiq 211045 onedoyenur

EhliEhiiiblilg) ‘euI0)se[qoIpuoyD)

9SeasIp Un3poy ‘searoued
JO BWOUIdIEOOUSPE
‘BUIOUTOIRD [[90 snowenbs
‘eUISEA PUB ‘XTATD ‘WIN}ORI
‘goewo}s ‘snJeydoso
“xuAreydoseu ‘esoonw

[BIO JO SewouIdIR))

uonisodsipaxd
Jown],
erwoue onse[de ‘LwWOoILSO

-AwopqeyI ¢ euIo)se[qoInou

‘ewoydwA] ‘eruayna|

ERliEhiiiblilg) onse[qoydwA| 9inoy

unys ‘uojorays ‘0a ‘urerg

‘[eIORJOTURIO ‘YIMOID)

(2007 MOJIBH pue UoSse[))
1D ysnoiy) uorssaigord

Sunowoid ‘uonduosuen
pajerpaw-J¢4 Jo uorssardor

oy Jursed[ar Aqaray

‘urjoxd qy 2y eLroydsoyd
saxo[dwod D~ UIPAD

(S661 T8 10

seyn) soxa[dwod $3aD

-QUIPAD JO uoneAnORUI

BIA [0 QJe[ UI S[[99 profdip

un{S [euuou sysarre 91d adKiprip

umouyup)
s yNJw onoydodenue

pue Jossaiddns Jowrm

Jo uonesuen Surredur

Kq A1oy11 ‘Aoueudiewr

0 ursodsipaid ‘@ourusjuretr
aserowofe) sredwir suoneInjy
(900T T8 10

oIeueUOJA) VN [BUIOSOqLI
J0 JuouoduIod 9SeIoWo[)
9y} JO UOIBZI[IqE)S puL

SNOJUBINO0INUI
‘woysAs aunurut

‘o13010jewaY 9oeN-[0)  uone[Aprnopnasd :suonouny
‘STB9 ‘S99 ‘ureIq ‘YIMOID)

om) surograd urreysAq

upys ‘ureiq
umouwup)

12; (€]

9IdIVINIAD

UMOUU()

[0Xd

uMouu)

¥1bz1

(L661
QUAAIN)) BWOUR[OW

12de ay  ueuSiew [eweg

(L861 "T& 19 5199P[0D)
Suruuadjowruyos

umouyun) orperodg /snasu Tewroprdyg

(SLe1

93pLIgMoI], pue
UIARULILG) BIUASUOD
SISOJRISA(]

®>Gm®oo~
gcbx payuI-X

(9661 z1dQ pue

umouu) AV ereyeynsy) zimoqng



J.H.M. Merks and |.B. Brecht

78

uonisodsipaxd
Jowny, ( SW[IA)) BUWOISB[qOPBUOL)

Jown)
SWIA ‘BWOWAYOUSIW

‘9sBaSIp UD[IPOY ‘Aouejur

JO Jown) [BWLIOPO}O0INAU

onouB[oW ‘BWOISL[q

-oInouor3ues ‘ewolse[q

90UALINOUO) -OWAPuUddo ‘BWO)SB[qOININ

(861
‘T& 39 SSAry]) BWOoUuIdIRd

[euaIpE ‘aseasIp UDSpoy
‘erurayna onsejqoydwA|
QINoe ‘BUIOISB[qO[[NPAW
‘BWOOIBSOAWOPqEYT
‘ewo)se[qoreday ‘siown)
1[99 WIA3 ‘Jowny SWIA

0UALINOUOD)  ‘BWIO)SE[qOINAU(OI[SUBL))

BIWAYNI|
oneydwA| 9ynoe ‘erwayna|

pro[oAw 9)noe ‘Town)

SWIA\ ‘BWO)SE[qO[[NpPaUL

XTAIQO PUE BANA OoU

puE peay Jo BWOUIDIRd [[99

snourenbs ‘ewrourores pue

ewouape Ienjedoyedoy

uonisodsipard  ‘owoipuAks onse[dsApojoAw
Iown],  ‘BIUAYNd[ PIO[oAUI N0V

s)[npe pue

UQIP[IYD UI SAIOUBUSI[RIA

UuoneIoosse
JO QIMIEN

unys ‘orSojojeway
‘quui] ‘AQUpLY ‘MESH 9POOUR SAUS V. JUSISPIP ||

(8661
‘Te 39 Jwery]) [ LM 1010e)
uonduosuenyossarddns

oen-Non Jownj Jo uoneAndeuy

squiI| ‘erfejuas ‘uswopqe
JIeaY Yoau ‘urerq
‘[eroRJoIuRIO ‘YIMOID) =

unys ‘oen-nNo ey
‘urerq ‘adej ‘YimoIn) =

(900T MayIBIA)

agewrep YN( JO SuLIof

190 sdeyrad pue SUI[SSOIO
puensiul YN Jo Jredax

10 UONIUS099I AY) UL POA[OAUL
are Jepy surajord Funoerur
Jo qom xo[dwod e 10§

suor3ar Apog (Jo1) Aemyyed

oruagoyyed (pauwnsaig)

(RN

(cvoud
JT[e[[eIq=)
TADNVA
WONVA
TONVH
TONVA
DIONVA
HONV:A
HONVA
-ZAONVA
‘DONVAH
‘GONVA
VONVA
Quan

erdr

€TIber
‘¢'1¢byl ‘91dg
ycb-zzbLl
‘c1de

‘c1drr ‘¢ 1edg
‘¢'gzde
‘¢'zzbe
‘1gTedx
‘€yzbot
SNO0

(L861 T8 10

orperodg AUI0O]A)) JOISBI]
(9861 uosueqy)

ua30jeId], urojuepAy [ereq

(8L61 prug pue
ua30JeI9], UQLIR[D) [OYOI[E [BI0]

(€661 Te 10
AV onardweln) ruooue
oue)LIdYu] (Jox) owoIpuks

(ponunuoo) |9 3jqey



79

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

BUWOUPE [BO1110D [BUIPE
‘pnored jo ewouspe
ydioworsrd ‘ewrouuemyos
‘ewourwas ‘ewoyd

-wA[ up[Spoy ‘ewow
-Ayoussow ‘ewioue[ow
‘ewoAwordueydwA| ‘ewod
-IESOAWOLA] “BWOAWOI]
‘BUIOOIBSOAWOPQRYI ‘BWO
-AWOpgeyd ‘BWOdIesoIqL
pUE BWOIQY UBLIBAO

‘5)SA0 OLIQIUASAUWI ‘BWIOIL)
JBIPIED ‘BWO)SE[GO[[NPAUL
‘eUWOUTOIRD [[29 [eseq

uonisodsipaxd
Jowny,

uonisodsipard SEWOUToTed Je[n|
Jown], -[9o0jeday ‘Sewouape JOAI]

(ewourored

1199 [BSEq ‘)sealq 3y} JO
ewoIqy ‘ewodI] ‘ewooIes
-0IpUOYd ‘BUIOIPUOYI0I)ISO
‘BUI0DIBSO]SO ‘BUWOIILS
-0Awopqeyl ‘ewoIqyoIndu
‘PWOAWOIA] [BAUO)
-11adonar ‘ewojsejqoreday
‘BUIOUTOIRD JR[N[[90
-o0jeday ‘ewourdredOUIpE
[PUSIPE ‘BWOUIPE [BUIPE)
rwrourored proifyy Areqpided
‘BWIO)SL[qO[[NPAW ‘BWOT[T
‘sI0UIN) PIOWSIP “IOOUBD
10709 ‘stsodAjod ‘ewoNsQ

uonisodsipaxd
Iowny,

un[s ‘uojo[ays

‘SOLIBAO ‘10BN-[D) MRy
‘saka ‘ureIq ‘TerogjorueI))
urys

‘TeIQ[aso[nosnu ‘Aoupry
IOAT] “Q0BJ ‘YIMOID)

UD[S USWOpqe 1orN-]0)
‘UOIOTAYS ‘YIR9) ‘SO

(000T ‘T& 12 OIOUADIABI[IA)
Aemyred 1'1D-ONS

-THDLd-HHS/10ssaxddns
Jownj Jo uorjeAnoRU[

(8861

‘Te 19 oWl ) umouyu)

(100T Te 39 peayuILa])
s10joey uonduosuen DI,
Suneanoe ‘Kemyped urusyeo
-g/LNM Ay uT urua)ed-¢
JO uonezIfIqess o) urpea|

suonenu ‘Tossaxddns Jowny,

0AOU P
%0S—S¢

[HOLd €Tehe av
2d95 1ZbL1 qv
odV 12bs av

(L861 u110D)
(ewoOuroIed [0

[BSeq PIOASU) UI[IOD)
(1002

UWIOYUOSITH) [ 9SBISIp
93e103S U930941D

(zs61

uayo))) sisodAjod
snojewoudpe
[el[rurey/Ioupres)



J.H.M. Merks and |.B. Brecht

80

uonisodsipaxd
Jowng,

uonisodstpaxd
Jowng,

uonisodsipaxd
Jowng,

uonisodsipaxd
Jowny,

UOTBIOOSSE
JO aInyeN

(ewojfo0woryd0ayd
‘ewior3uedereq)

(ewourored
1199 [euar Arefjideq)

(ewourored
[[99 [BUAI ‘SnIaIn
PUE UDYS JO BIRWOAWOIYT)

(BWOOIES pajenuAIoIpuUN
‘BWOUTOIED JB[NOIISI)
‘ewrojAoowroryooayd
‘BUIO)SE[qOINAU) BUIOUIIILD
[B911I000UIPE ‘BWO0)
-se[qojedoy ‘Jowny SWIIA\
Ssj[npe pue

UQIP[IYD UT SAIOUBUSITRIA

(zo0t 3ug pue
1ayeA) stsoydode pajerpaux

-BLIPUOYDOIIW JO JusuLireduur

pue saua3 darsuodsax
-erxod£y jo uonenIaisAp

anssn uor[3 03 Jurpe9] A[qissod suonenw

-ueSered [euaIpe-enXd
‘Spue[3 [euaIpy

Aoupry

unjs 9oen-nNo ‘AAupry

squu
)SBaIq ‘Q0BJ ‘YIMOISIAQ
suo1gar Apog

11 xo[dwod [eLIPUOY0II
Ay Jo syungns Surpoduy
(L661 Te 19 1pIuIydS) Sseuny
J10)dooar ouelquiswsues)

© 3UIpPOdU? QUAF00U0-0)01]
(200T T8 10 uosurwQL)
Jeg[oun Surewal uon
-1sodsipaid Jown) 0y Surpes|
WISTURYOAW ) 9[0Ad pIoe
J1[AX0QIBIL A} JO QWAZUD
Ue SI 9SeJRIPAY 9jerewun,j

(800¢

‘Te 32 yorg) Jossaiddns rowrmy
:ur01d _;y/.6d oY) S9pooud)

DINMAD PUe 6/H —
(urnsur

JO uonoe Ay Jo Ioje[nWNS
‘UoMNo. QUOWLIOY IMOIT

JO JOJRIpAW $I0)IBJ YIMOIT
Juooine (7, JoJ) sieroword
PA0I3 (T YNAAN/TLI'T=)
LLOTONDY Pue 2401 -
:uor3a1 G1d| | ayp uryim
SUrewop ¢ ul punoj sauag
payuridwit jo uone[n3araq
umouwun)

(Jox) Aemyyed

oeSoyed (pawnsaid)

qdHdsS
OHdS
dHds

LANW

HA

DINIAD
“6IH
‘IIO[ONDY
‘TdoI

umouwun)
Juan

ged-1°9¢d|
12b1
€zbrr

1¢br

1'cybr

s1dr1 Apreq

umouyun)
Nibleg|

orperodg
Qour)LIyU]

(zooc
[esAeg) rwrojKoow

-o1yooayd pue ewor3

qyv  -ueSered Areyparoy
(S661 ‘Te 10 Teq7)
BUWIOUIDIRD [[90 [RUSI

av  Areqded Areyparoyq

(zooz T8 10

UOSuI[uwo],) J_dued

1[99 [BUSI PUE SISOJBWL

ayvy  -oAwore] A1ejparoy

(6861 UdayoD)
ersefdrodAyruoy

(Jox) owoIpuks

(ponunuod) L9 3|qeL



81

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

uonisodsipaxd (190uEd
Jown],  [eaSeydos?) eryerdoyno

I90ued -10) ‘sdAjod

uonisodstpaxd SNoOJewo)
Jowng, -Iewey [BUNSAUIONSBD)
BUWIOJIBSOAWOPJRYI

“RTuIY N[

uonisodsipaxd projeAw 9noe ‘rown)
Jowng, SUW[IA ‘BUWOISL[qOUIY

Jown)

SWIAL ‘Sewolqy SuIKJIsso

uonisodstpaxd 9[dpnu ‘ewourored
ownj,  pue BWOUdPE proikyiered

pue ‘saroueudIfeu [

-130[0JBWAY ‘SATOUBUIITRW

urexq Areurtid pooypiry)

(erwroynay

pue ‘120ued ISeAIq ‘BWOU

-10JBD UDYS ‘SeWOUIdIRd

10B1-ND PUE [D 19YIO)

uonisodsipaid (ewIourdIRD [BLY)
Jowng, -OUIOPUD PUB [B}0I0[0)))

(9661 T8 10

S10qIyny)) 2dofeAus payIuiod
dU) 03 SJUSWE[Y dUNLIY

pUE SQWOSOWS3P YUI] 0} PaId
-p1suod ‘@do[oAu? payIuIod
rewroprda oy jo Josinoaxd
PAIBIOOSSE-QUBIQUISTA

(1002

‘[e 32 omoH) Surreudis JING
/g-4D L ur 103dodar | adA],
(L66T 'Te 10 Sueyyz)

Kemyyed Surpeusts ¢-10 1,

Ul uonounj pews Jo Jojerpaut
[enuad pue Jossarddns

Jowin} JO UOTIRAT}ORU]

(000€ 'Te 10 Iyews)
(sAemyped onoydode pue
‘AI0jeWIUIBHUT ‘QunUIT AUl
0) [enuad) geddey-JN I0ioe]
uondLosuer) Jo UONBANOY
(zooz

‘[e 32 uaydre)) urwoiquered
10§ urpoous Jossarddns
Jowin) Jo uoneAnoRU|

SNOAULINO0INW JOBI)-TD)

JoRN-1D

urys ‘urerq yjaa} ‘sohyg

spue[3 proifyjered ‘smef

(6661 ¥ 9p pue youky)
aredar yoyewst-yN (q

upys Joen-nNon
“oen-10 ‘Isearg

1dAA

VIddING

rodd
/FAVINS

OWHAN

CLddH

CSWd
[HTN
9HSW
CHSW
:JO S42114DD
uoypmuL
m2qwrd
CSWd
[SId
[HIN
9HSN

CHSN

GebLl

€Tehor

['1¢bg1

gcbx

[¢b-gzby

TedL
Tcdg
91de
Tz-cede

zedL
¢e-1¢bz
1zdg
91dg

I2-zede

(€L61 sey3ny pue
AQ[SOPIAL) BWOUTOIED

[eoSeydoss pue
av  ‘s1sof) ‘enyerdosno

(9961
“Te 39 9EaA ) 1[0D
av sisodAjod oqruaang

(€661 reuuoq

jueurwiop  pue Apue) nuowdid
pauI-X BHUAUNUOdUY
(S661 T8 10

onouy) ewoiqy mef
av ‘wsiproifyierediodAyq

(6661 T8 10

uasep ) (SwoIpuAs

[ouAT) Iadued

[819210]09 sisod

v -Ajod-uou Areyrparoy



J.H.M. Merks and |.B. Brecht

82

uonisodsipaid

Jowny, Jowny SWIp

(PUIOUTOIRD [BINQWOPU

‘I00UED )SBAIQ) BWOISUTUUL

‘BILIOYNO[ ‘BWOXAW Je|

Q0ULLINOUO)) -NOSNWEIUT ‘BWOIILS03)ISO)
(ewouape Areymyid
‘ewrourdIedoudpe oneday
‘ewrouroIed onearoued
‘sIoWn) urerq ‘siouwny
AIEAO ‘BUIOOIBSOISUE ‘BUWIO)
-SB[qOINau AI0JOBJ[0) BUIOD
-IESOIPUOYD ‘BUIOIPUOYIUD
‘SUOTJBULIOJ[BW JB[NOSBA

uonrsodsipaxd
Jowng,

(190U8d

proafkyy ‘reoued ayeysord
190UBD ATBAO ‘IOUED JSBAIq
‘PWOUR[W ‘BUWIOUTOIRD

[199 snowrenbs ‘19oued
[BINAWOPUR ‘IdUBI-]0)
‘I190URd Jun| ‘TOWN) SWIIA
‘ewiojse[qoinau) ewroydwA|
‘BIIIAYNQ] ‘SIOWN) [BO1}I0D
-ouQIpe ‘(BWOdIeS JUImyg
Jo uondadxa ay) Yym)
SBW02IBS AUO( “TOULD
UreIq ‘SBWOJIeS INSSh

1JOS ‘BWOIILSOAWOPQRYY]

uonrsodsipaxd
Iowng,
uoneI0SSe

JO dmeN

sjnpe pue
UQIP[IYO UT SATOUBUSITRIA

(200T 'Te 12 1ATe(T[[eS])
sowosrxood oy ur
PIZI[eo0] ‘UonOUNJ umouun
Jo urajoxd [109-pa[10d
-X0q-g-ONIY € Surpooug
(6661 T1PMOH

PUB U3YOD ‘1661 T8 19
UTISUTIAN ) SISOYIUAS JINVO
Sursearour £AqaIay) ‘9se[oAd
Je[Auape JO UOIBANOR
Sursned s101dedar sadnoo
urajoid 0so) curajord 0soH
AI0jR[NUNS 9Y) JO UONBANOY

up[s ‘rejo[ysornosnux
SIOAI] )Ieay ‘urelq ‘yjnouwr
‘saka ‘QoeJ ‘YImoIn)

urys ‘uojo[eys
‘WI9)SAS QULIOOPUH

WISAS

Ie[NOSEA ‘U0JI[NS umouyu)

(Lo61

au1Ad) (sisoydode) dg-401
pue xeq pue (aredar) gyppen
‘(Jonuod 91949 [[99) Z-INAIN
pue ]zd :soua3 weansumop
[e12A9s Sunen3dar sossaiddns

snoynbiqn JIouIn) JO UOT)BATIORU]

suor3a1 Apog (Jo1x) Aemyyed

oruagoyyed (pauwmsarg)

LEWINL

ISVND

umouyu)

€6d.L
Juan)

gcb-zzbLy

T e1boz

uMouu)

rerder
SNO0

(#00T ‘T& 19 S1oq[1L3)
AV wstueu AIqInAl

orperods

Alrensn (L861
WISIOIESOW  PIOJMEID) PUB UOUB(])

onewos WSLQIY—oUunDIN

(EL6T weyaoy
opeiodg  pue SIMIT) I0ONJJRIA

(8861

‘[€ 39 I']) QWOIPUAS

av Tuownel -1
Qour)LIdYU (Jo1) owoIpukg

(ponunuod) L'9 3jqeL



83

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

rwowApuada

‘euIouUBMUYDS ‘BWOI3

uonisodsipard ‘ewOITUIUAW ‘BWOIqYOINAU
Jowng, ‘BUIOINAU JTISNOJY

(ewoue[ow ‘euwodresod|
‘searoued Jo ewooresouape
‘ewrojAoowroryooayd
‘BTN dNAd0UOW
-o[eAw oruaAn( ‘rown)
SWIIA\ ‘BWO)SB[qOINAU
‘BUWI0OIBSOAWOPQRYT) Jown)
Jeays aAIau [ersydrrad
jueuII[EW ‘BUWIO0DILS
-o1qyoinau ‘ewowApuada
‘euI0)se[qo[[NPaW
‘BWI0}A001SE ‘BWOISUTUAW
‘BUIOUUBMUOS ‘BWOI[S
ondo ‘ewoIqyoIndu
w1oj1x9[d ‘ewrorquoInaN

uonisodsipaid
Jowng,

BUIOINAU
[esoonui ‘ewourdIed

proikyy Are[npaw
eu0)£00WoIYd09YJ

uonisodsipaxd
Jowng,

BUIOUIPE
proiAyjered ‘ewourored
proikyy Are[npaw
BUW0}AO0WOIY03YJ

uonisodsipaxd
Jowng,
(ewouage[[od
‘ewrolqyor3ue

‘ewrodIy ‘prourdored

‘sIouwin) [BJ1)I0D [BUAIPY)
(Areymyid Jor19)uE pue
‘S[[99 19181 onearoued ‘sprox
-Kyyexed oy jo srowny)

uonisodsipaxd
Jowny,

(100T uueUnND)

S[eusIs XLIjewW-[[90 pue
[[99-[[99 Ul paA[oAul surjord
qrdnnur yrm uonorIuI
urpIow jo ssoj/rossaxddns

urys ‘ureiq ‘sokqg JOwIn) JO UOTIBATIORU]

(100T S3e[ pue B{smoyd1))
K)1Anoe QUa300UO SBY JO

uoniquyur jo ssoj/rossaxddns
JIOWN) JO UOTIBATIORU]

(9661 'Te 12 3ud) AE8Y %P
L8I6IN %96

:suoneInw oy1oads gz NFIN
JUSIJIP T *VT NHIN 39S
(100T tyseyeyeL)
UONERNUAIAHIP 1O ‘UoreISIu
‘[earaIns ‘uonerdjrjoid [[o5
SutALp sny) SN[ Pue LIV
/€1d ‘AN VN ¥d
/SV Y Sutpnpour ‘skemyjed
[e19A9s y3noxy Sureudis
‘oseuny aursoi) Joydodar

© 3UIpooud Qua300U0-0301d

upy[s ‘uojo[Ys
‘WA)SAs Te[noseA
‘urelq ‘seka ‘Teroejorue))

[BI9[SO[NosNW }oBN-T0)
‘puB[3 [eUIPE ‘PIOIAT)
XUATR[ ‘S9A9 ‘Qor]

JoeN-1D
‘UD[S ‘WSAS auIopug

(00 ¢ 10 [emIe3y)
uondrosuer) pajeAnoe-qung
Sqryur pue (unf 03 APoa1p

SpuIq uruow ‘uruowr urejord
ay) Surpoous Jossaiddns

WAISAS QULIOOPUH Jown) Jo UONeAT}ORU]

AN zeibze av

0AOU 3P 9%(0S
[AN z11bLy av

0AOU 3P 9%()S

Lad ' 11bo1 av
LY ' 11bo1 av
INAN €Ibry av

(000T
‘Te 32 sueaq) [] 2dK)

SISOJeWIoIqOINaN

(6661
[YO0YSTA) T 2dK)
SISOJRWIOIQLJOINAN

(9661
UTAQN pUB UOSLLIOA)

q¢ 2d£y eisejdosu
suroopud opdnnn

(100T 'T® 10 Ipuelg)
vz 2dK) eisejdoau

Quroopus o[dnn

(8661 1oxP[BYL)
1 2d£) eisejdoau
quropus o[dnn



J.H.M. Merks and |.B. Brecht

84

(puer3

pnoaed jo ewouspe oryd
-IOWOUOW ‘SBWOISUIUIW
‘sIouwnj) Ieynorsa) ‘ewou
-opeIsAd uerreao) sewodr|
‘SUOTJBULIOJ[BW JR[NOSBA

uonisodsipaid
Jowmng,

BUWOUIOIBD
Jonp J[Iq ‘LWOUIIIROOUIPER
oneaoued ‘ewourored
JseaIq ‘IoWn) [[39 I[01IAS
1199 981e] ‘s9[ngn) Je[nuue
[JIM JoWnN) PIOd X3S ‘BWIOU
-10IBJ0U9PE [BOIAIDD ‘BUIOU
-9peIsAd ‘BWOUTULIOZSApP
‘sIouIn) [[29 BSO[NUEI3
‘SewIourdIRdOUdPL

pue SLWOUIPE ‘Sewo)
-IeWeRy [RUISIIUIOISBL)

uonisodsipaxd
Jowmn],

Q0ULINOUOD) (ewWOISLIO[[NPIIA)

(Jown) yreays dAIU
rexoyduad jueudiewr ‘ewo)
-se[qoreday ‘ewojfoonse
‘ewrojAoowroayooayd
‘BWOUTOIED JB[NOIISI)
‘BUWOOIESOAWOPqEYT
‘BIIIAYNA] dNAS0UOWO[ATL
JTUOIYD ‘BIWIAYNA]
onsejqoydwA| 9noe)
BUIO)SE[qOINAU ‘BTUIANNI]
ONAO0UOWO[AW J[IUIAN[

uonisodsipaxd
Jowmng,

BWOIILSOAWOPQRYT
‘eWOo)Se[qo[[npaul
‘PWOI[3 ‘BWO)SL[qOINAU
‘ewoydwA| ‘eruaynaf
onsejqoydwA] 9noy

uonisodsipaxd
Jowmn],

UONeIO0SSe
Jo aImjeN

s)[npe pue
UQIP[IYD UT SAIOUBUSITRIA

UDYS ‘UOJOYS ‘WA)SAS
Ie[nosea ‘Aupry ‘3unj
‘[BIORJOIURIO ‘YIMOISIOAQ

SNOJUEBINO0dNW
9oen-No J0en-10

UDYS ‘squIT[ ‘TeIuas Ieay
Joau ‘ureiq ‘[erorjorueID)

unjs ‘u0jo[ays
‘oen-non ‘uswopqe
‘w)sAs oneydwA|
1897 ‘UTRIq ‘S9K
‘[BIOBJOIURID ‘YIMOID)

woIsAS aunurut
‘[eIORJOIURIO ‘YIMOID)

suo1gar Apog

(1102 "Te 12 1saypury)
1LV JO uoneAnoe dS1esojy

(zooz

Sug pue aep) SIAVIN —
asejeydsoyd ureyord 'z [V
/€1 — oseyeydsoyd prdyp
*1 :oseyeydsoyd Arogroads
[enp e Surpoous Jossaxddns
Jown} JO UOIBANORU]

(200T T8 12 00X) TAVAL

pue 1417 surjoid K10je[ngar
91243 [[90 o) YIM puE [DYH
urojoxd Surfepowal UNLWOoIYD
9} [IM S1oeIUL [ [N IS
¢Kanoe aseury urajord

Jo ssof Aq 2ua3 Jossaxddns
Jown} JO UOTRAT)ORU]

umouyu)

(#00€ 'Te 39 S[eSerq)
Kemyied SIAVIN/SVI 9w
sorenuns ¢dHS ‘sloydadar
QUOWLIOY PUE ‘QUIY0IAD
‘I0J0BJ )MOI3 [BIJAS

0) weansumop Jureusdts
IB[N[[9BNUI UI PIAJOAUL

ST ZdHS "¢dHS oseieydsoyd
QUISOIA) UI UON)OUNJ JO Uren)

(6661 122D
pue [[ned ‘8661 ‘& 32 UOIBA)

x9[dwos Gpe/| [9IA
) Aq 98BABI[D 9SBI[ONUOPU

pue Surpuimun YN
UQALIP-J IV sarenuajod [SqN
curjoxd aredar yearq
puEns-9[qnop YN PareInj
(Jox) Kemyped

oruagoyjed (pawmsaig)

1LV
:IopurewIay

NALd
15958D

3o 90z 0 dn

[[MLS

umouyu)

[INdLd

[SEN

uan

(1107 ‘T2 30 IsIypurT)

ceebyl
JIOPUTRUIY

(1002
‘e 19 noyz)
¢zbo1 :soseo

30 %0z 03 dn

¢erdel

umouun)

I'$ebel

1bg

SNO0T

WISIOTRSOW (6661 1€ 12
Jnewos I9Y09sa1g) Snaj0Ig
(6661

‘TB 39 UBULID)ISIA )

av SIoU3o[—zinog

(1861 'Te 10 Aopuy)
ureyadu)  Areydeoouosin zido

0AOU 3P
%O0L=ST (L861
av UoSuR[[Y) UBUOON

(9661

‘Te 39 13Ing I9p ueA)

MV 98eyeaIq uaawliN
ourILIAYUT (Jox) owoIpuks

(ponunuod) L' 3jqeL



85

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

BUIOUIOIBD
Ie[n[eoojeday ‘ewoAwop
-qeya ‘ewojsejqoyeday
‘BWIO)ISL[qOINAU ‘BWOAIqUID
[eordAje ‘owny  SWIAy

uonisodsipaid
Jowng,

‘BWOJA00I)SE ‘BWOIS
-uAreydorueId ‘ewrourdIed
Ie[n[eo0jeday ‘eWOUTWOS

90UALINOUOY) JB[NONSI) ‘BUWOISB[qOPRUOD)
BIWAYNI[ Jnoe

‘BUWIOI[AYIOPUA0ISUBWIAY

JowIn) [0 [eWONS PIOJ XS

[epeUOS ‘BPWOWWR[LINAU

‘BWIOISUTUAW J1ISL[qOISUL

BTWIOYNI[ JNSe[q

-oydwA| 9Inoe ‘ewojLkoow

uonisodsipard  -o1yooayd ‘ewojse[qoInau
JownJ, ‘BUI0JTBSOAWOPqRYY
(ewouroIed O1I)SLT

“PWOUR[IU) BWOUIDIRD

uonisodsipaxd [199 snowrenbs ‘ewod
Jowng, -IeS0IqY ‘BWOILS09)SO)
BUIOJBWIERY 9[OSNUI

9OUALINJUOD) JOOWS ‘BWO)SB[qOININ
uonisodsipaxd eworeaurd ‘ewod
ownj, -Iesod)so ‘BWOISL[qOUnY

(100T 'T® 10 unega() uonoe
TAD] SUNE[NpOW Pue 70T

0) urpuiq ‘ueoA[3o9301d
Jej[ns ueredoy doeyins [[o)

(900€ T 19 JyoHg)
Jossaxddns rowny (67 f —

(900T T 10

JIopurg) UInSUI JO UOTIOE Y}
JO Joje[nuwIns ‘uorjor UOWLIOY
IMOI3 JO JOJBIpaul $10}OR)
YIMOIS QUIIDOINE 7, /D] —

ULy ‘SquIr ‘eI9[d
-)So[nosnuI ‘JIeay ‘ureiq
‘[e1oRJOIURIO ‘YIMOID)

:uor3ar G1dy | oy unpm
SUreWwop g Ul punoj sauagd
poyunidwr jo uonengareg

urys
‘SquuIy ‘[eIS[ASO[noSnUI
9orI)-NO “90BJ ‘YIMOID)

(661 T2 19 f1noq)

Kemuped [1D-HOLA-HHS

) Aprernonred ‘skemyped

Auew uT J0J09JJ0 WEAISUMOP

U0Jo[YS Se POAJOAUT ST YIIyMm

‘squirf ‘)0eN-NO ‘Urelq ‘ggp J101oejoo reuonduosuen
‘[eIORJOIURID ‘UIMOID) ) Jo Aouaroygnsurojdeyq
(6661

Te 30 orary)) ALISaur yNQ
JO QouRUQIUIBUI {SISBII[Y
Kqrurey o9y JO JOQUISIA

UDYS ‘u0ja[ays ‘squurf
‘WYSAS QULIDOPUD ‘SAAD
‘[eIORJOIURIO ‘YIMOID)

up[s ‘[eroejoruei) umouyu)

(00T molreH

pue uosse[)) 10 ysnoiy
uorssardoxd Suniqryur

‘uondrosuer) pajeIpaw- 7
Jo Jossaidai/rossarddns

sokg Jown) Jo UONBAT}ORU]

£0dO 9zbx

£, Awosip

[PUIRIN

gsrdrr

61H ‘TADI SNOdUSS0IPH
ddD gerdor
Y1003 ¢yzbg
umouyun umoudun)

194 TH1b-1'y1bgr

QAISSI1
paAuI-X

SNOQUT0INOH

0AOU 3P % 66<
av

qv

av

0AOU 3P 9%()8
av

(8661
‘e 19 LI9N) [Pwyag
—1qejon—uosdurg

(8861 uoned)
[[OSSNY—IOATIS

(0661 urISUIGNY)
1qfe ~urasuIqny

(B100T ‘Te 10 Suep)
UoSuIoy ] —punuuyloy]
(€661 T8 19 UAYOD)
ojered 33910 ‘seseaId
unys padeys-3ury

(SL61 T8 10 uospnuy)
(Areyparoy)
BWO)SB[qOUNY



J.H.M. Merks and |.B. Brecht

86

eraroyna onse[qoydwA|
noe ‘ewroydwA| uny
-3poH-uou ‘Bwo)Se[qoInu
‘ewo1[30Ipuapo3I0
‘ewiojfoomnse ‘ewowApuada
‘euwo)se[qor3

JowIn) EWLIOPO}O0INAU
aanturd [euojudrerdns

uonisodsipard ‘ewo)se[qo[npaul
Jowmng, ‘I190UBd U009 ‘stsodAToq
sisojewroAworgueydwA|

KAreuowrnd

‘BUIOUTOIRD [[90 [BUDL
‘sewodrjoAwor3ue onjedoy
pue [eual ‘BUIO)IRWIRY]
[eunaiI ‘uasrds oy Jo
rpWOISUBWIAY ‘BWOIqHOISUE

uonisodsipaid ‘ewoIqy ‘ewoAWopqeyI

Jowmny, ‘ew0)£001se ‘s19qn],
Jouwrn) o1ue30INAu ‘BwWo)

QouaLouo))  -sejqoieday Town) SWIA
BUIO)SB[qOINAU

QOUALINOUOD)  “BILIYNQ] “JOWN] SWI[IA\
90UALINOUOY) BIWIOYNI[ IOWN) SWIA

(ewourored

3un| [[99 [[eWS ‘BWOUTOIRD

prouopida [eurdea)

J[qIpuewW Jo BWIO[NURIZ

[199 jueI3 ‘ewoyd

-WAJ ‘eruayna[ onserq

-oydwA] 9Inoe ‘ewIo}eId)

[95£90000108S ‘BU0)

uonisodsipard -Se[qoInau ‘LWOUIdIRD Te[n|

Jown], -Tedoojedoy ‘Towny SWIIA\
UOIeIO0SSe s)npe pue
JooImeN  URIP[IYD UT SAIOUBUSIRIA

(LOOT "T& 10 U032 661
‘[© 19 SOPIR[ODIN]) L1Dda
Yorvuis1ul ap11021onu YN
(7661

‘Te 30 Djutwwey) Jredar
UojewIsIw apnoa[onu YNJ
(1002 'Te 132 peayuIes,)
s10joej uonduosuen JD L,
Suneanoe ‘Kemyed uruayed
~J/INA 9 ur uruared-g
Jo uonezifiqels 0 Surped|
suonjenw ‘Tossaxddns Jowny,
(£00T MsmoxyeIM )
IMOI3 pue 9SBAIOUT

971S [[22 03 Surped] Aemyjed
M9S—IOLW—LIV—(IEId)
aseury ¢-[03SOur[Ap
-neydsoyd ay) Syeanoeur
A[[ewsiou ey} untewey

pue ureqn) siossaxddns
Journ) Jo uoneAnoRU[

joeI-10 ‘urergq

unys ‘uola[aYs
‘foupny ‘uedy ‘urerg

SQUIT[ ‘UOIR[RYS JoeN)-N D)

JIedy Yoau ‘urerq
‘[eIORJOIURIO ‘YIMOID) umouwyu)
unys ‘squiy ‘erejuad
“Ieay Yoau ‘urerq
‘[e1oRJOIURIO ‘(YIMOID)
SquII| ‘UO)YS
‘oen-Non ‘Wedy ‘urerq
‘[eIORJOIURIO ‘YIMOID)

umouyun

umouyun)

(Q100T Te 32 Suepy) sioydadar

urelq  PIOI9)S JIM UOIORIAUI BIA

‘[eroejorueId ‘ymoIn) uonduosuen Jo uonensar-o)
suo1gar Apog (Jox) Kemyped
oruagoyjed (pawmsaig)

IS
u1 suoyvINU

Jnjapvrg

[HIN

odV

[40)
[DOS1

81
QUWOSOWOIYD
amuyg

€l
QWOSOWOIYD
amuyg

8
QUOSOWOIYD
amuyg

TdSN
Juan

cedL qv
€1ede av
(€661
ccb-12bg av Te 32 YOI[) 1091m,
¢'¢1doT  oAou dp %99 (1661 Zowon)
+¢be av SISOJO[OS SnoIdqNy,
(7661 Te 1
Q] AWOSII], [eWOSOWOIYD) Keq) g1 Awosuiy,
(r661 Te 1
€] Awosiy, [ewosowony)  QM[AM) €] AwWOSLI],
(LL6T
Q AWOSII], [EWOSOWOIYD)  IPIBJOTY) § AWOSII],
(1661 SaUSNH
pue 9[0)) (wsnuesi3
gebg av [8IQR130) SO10S
Niblig| QOUBILIYU] (Jox) owoIpuks

(ponunuod) L9 3jqeL



87

6 Genetic Predisposition and Genetic Susceptibility

(panunuoo)

uonisodsipaxd
lowmng,

uonisodsipaid

Jown) SWIA

rwojAooworydoayd
‘s1owmn) onearoued
‘BUWOUTOIED [[90 [eUaI
‘BWIO)SL[OISUBWIAY WISAS

Jowny, SNOAIdU [eIjUID PUE [eUNIY

uonisodsipaxd
Jowng,

uonisodsipaid
lowng,

uonisodsipaxd
Jowny,

BUWOJIBSOASO)

BUIOUIDIRD Je[n[[ao0jedoy
(eAnA Jo

BUWIOUIDIED [[90 Snowrenbs
9oen [H) pue snian

JO BUWOUIDIBOOUDPE ‘IOWN)
Juny onserdeue ‘ewourdIed
proIfy) ‘ewrouraqry
‘eWIOUB[AW" ‘BWOIZUIUAW
‘ewIoI[3 ‘eWOUIpPE

Areymyd ‘ewojsejqonpawu
‘RIUIYNI] PIO[OAW 9)NdB
‘BUWOWAYOUISAW ‘BWOU
-UeMYOS ‘BWO)SB[qOINAU
(or3ues) ‘ewourw
-193sAp) ewWOISE[qOPLUOL)

QRIQALIA JoRI)-N0)
9189y ‘urelq ‘sakg

joBN-NO ‘USWOpPqe
‘WA)SAS SNOAISU [BIIUI))

joeN-N O ‘TeIoejorueI)

[eI9[edSO[nosnu
‘AQupIy ‘IOAT

unys ‘uojaeys ‘1en-non
‘woysAs aunuruIt

183y “I1S9Y0 Yodu
‘[eTORJOTURIO ‘YIMOID)

(000T SEBINl PU® YISIoMEBAY)
SISOUASO[NO0 UI A[OY

(L661

SI[PA PUB 9IIT) LA\ 10308)
uonduosueniossarddns
Jown) JO UOleARoRU]

(zooz

u1eey]) PO L Pue ‘UNS
-todoxyiA10 ‘gIDAd ADAA
Surpn[our s1030B} d1u303 I
pue ‘qImois ‘oruagorsue

Jo uorssaidxo Jursearour

Aq erxodAy 0y asuodsax

1199 9y} SABUIPIO0d JTH
‘JIH Jo uonepeI3ap soonpur
¢oua3 Jossaxddns rowny,

umouyun
(1007 Aen3ue], pue eionbiof)
$)09J9p [euone3aIes

pue seoueqImysip o[purds
S90NPUI 9J8JAOB0IIOB[ATRUIN,]

uMouu)

9XVd

LM

THA

uMouyu)

HVA

Sursstw
QWOSOWOIYD
X oImuy

(Oxvd
pue [ LA
Surpnjour

)09Jop Qua3d
snon3nuoo)
crdry

9¢-Sedg

umouu)

Geb-gzbst

0X

(8L61 T 10

IpIBIIIY) (UonepIeIax
‘SuoneuLIOj[eur
Areurmoyruagd
‘RIPLITUL ‘JOWIN)

arpeodg SWIM) YDVA

(€00 ‘Te 19 1osuoT)
nepur-[oddry uop
(6L61

uoyung pue uBwWNYDS)
UuoTjeULIOJ [

pUB ‘BWO0IIBS09)SO
‘o] [ensnup)

av

ure)Iaou )

(1661 uSSUmIAY)

AV 12d4) erwoursoiy,

(0661 ISHYI[ID

[ewosowoIy) pue [[eH) JouIn],



J.H.M. Merks and |.B. Brecht

88

ATeurIoiuds ) o ‘eunsAUIONSeS 70 ‘DAISSIOAI [BWIOSOINE Y}/ JURUIWIOP [BWIOSOINE (T}

uoISN[OU0d

QANIULAP MEBID 0] JUSIOYJNSUT AT BIBP INQ ‘UOTIRIDOSSE UB 9q JYSIW 219y Jey) Surueaw I9)e| 9y} , 90UalInouod,, 1o  uonisodsipaid Jown),, se UdAI3 1 AouBUSI[BW YIIM QUWIOIPUAS B
JO UOTJBIOOSSE AU, *S}93[OrIq U 918 POOYP]IYD UT JO JWOIPUAS Y} UT SIOWN] UOWIOdUN A[AIR[Y "sIown) SULLIN000-00 pue ‘paAjoAur suorSar £poq ‘Kemyjed oruaSoysed (pawnsaid)
‘(s)ouas 9[qIsuodsar ‘Snoo| POAJOAUT ‘9OUB)LIAYUI JO SPOUI :PAUOTIUUL ATE SWIA)I JUIMO[[0] Y} “OUWIOIPULAS YOBD J0,] “PA)ISI] I8 POOYP[IYD UI OUIPIOUT Jouwn] pajiodar yim SowoIpuis

(ewouTuIOY ‘BIUUAYNI|
uonisodsipaxd ‘ewroydwA]) snse)
Jown], JO BUIOUNUDS ‘JOOUED ISeAIg

rpwoI3uE

‘BUIOIqY ‘BWODIBSOISUR
‘PW00IRSOIq ‘BWOUR[IUT
‘BUIOUTOIRD [[99 snowrenbs
“WIOUIOIR) [0 [Bseq

BUWOOIBSO)SO
PUE ‘BWOITRSOAWOIS]
‘PUWI00ILSOIqOINAU “BUI0D
-IBSOIqL) “IOAI[ pUE ‘AIeAO
‘Joewo)s ‘proIy) Jo ewrou
-10IBO0UQPE ‘BWOUR[OW PUL
BUWIOUIOIED [[99 snowrenbs
pU® [eseq ‘pue[3 [eUIpE
pue proify) ‘pue3 Areymyid
) Jo eWOUIPE ‘BWOIT
-ueSered ‘eworSurusay
Ssj[npe pue

UQIP[IYD UT STOUBUII[RIA

uonisodsipaid
Jowng,

uonisodsipaxd
Jowng,
UONEIO0SS.

Jo armjeN

[enuas ‘ureiq
‘[RIORJOIURIO “YIMOID)

unys
‘urelq ‘Tero ‘soko ‘aoeq

unys ‘[eja[aysornosnur
‘WYSAS TB[NISBA ‘WISAS
QULIDOPUD ‘UTRIQ QOB
suorgar Apog

(1007 S10qparry) xodwos
Iredar uoIsIOX? Oprjod[onu

) jo jred are surjord gx

(1002

UOSYOTH pue y3oy3eyojn)
Ky3oyur swouad

JO 90oUBUSJUTRW $SASEII[AY
A[rurey o9y JO IOqUISIAI
(Jox) Aemyped

oruagoyjed (pawmnsaiy)

OEOmOEOHSO

= X .mbxm
ceber

ererd

-¢¢1dog
11d-z1dyy
¢'¢1b-z¢rbe1
Gede

12be

DdX-VdX ¢zebe

T 11d-z1dg
Niblig|

NIM
Juan)

(zL61 Wiws pue

[eUIOSOWIoIy ) [[PMp[eD) AXX LY

(6861
AAQT pue uayo)) wns

AV -ouawsid euopordy

(1861
AV ‘[B 19 0]05)) JOUIOM
QourLIdYU (Jo1) owoIpukg

(ponunuod) |9 3jqey



6 Genetic Predisposition and Genetic Susceptibility

89

pathogenic pathway. The role of metabolic defects in
cancer development and pediatric syndromes appears
to be of growing importance; a few well-known exam-
ples are listed too. For details on gastrointestinal can-
cer predisposition syndromes refer to Chap. 30.

In recent years, it has become apparent that biallelic
mutation carriers of autosomal dominant adult cancer
syndromes are at a very high risk of developing specific
childhood cancers often at a very young age (Rahman
and Scott 2007). Biallelic mutations of BRCA?2 lead to
the autosomal recessive childhood cancer syndrome
Fanconi anemia D1. Biallelic mutations in the mis-
match repair deficiency genes MSH2, MLH1, MSH6,
and PMS?2 lead to a mismatch-repair-deficiency syn-
drome with childhood malignancies occurring at a very
young age, while monoallelic mutation carriers develop
hereditary nonpolyposis colorectal cancer.

6.6 Diagnostic Approach and
Management in Case of Suspected

Genetic Predisposition

Hereditary malignant tumors tend to occur in an earlier
stage of life than the same tumor occurring sporadi-
cally. It is difficult to decide when an inherited cancer
predisposition should be considered. One should sus-
pect the presence of a tumor predisposition syndrome
in case:

* An increased number of family members are diag-
nosed with cancer, e.g., two or more close relatives
have had the same type of malignancy or two and
more siblings develop a malignancy.

* A malignant tumor is diagnosed at an unusual early
stage of life.

e Clustering of malignant tumors related to a known
cancer syndrome is seen within a family (e.g.,
NCCN guidelines, link: http://www.nccn.org/index.
asp).

e Clustering of rare malignant tumors (e.g., sarco-
mas) within a family is seen (see Table 6.1 for asso-
ciated syndromes).

e More than one primary cancer is diagnosed within
the patient.

» Of the presence of precursor lesions or specific benign
tumors, e.g., adenomatous polyps in case of familial
adenomatous polyposis, atypical, dysplastic nevi of
the skin in case of hereditary melanoma, or lipomas
in case of multiple endocrine neoplasia type 1.

A family tree from each side of the family should be
constructed. It should include specific information on
cancer types, syndromes, and other health conditions
possibly related to certain malignancies. Generally
speaking, the closer the relationship to the patient, the
more detailed information is needed. As most familial
cancer syndromes are inherited autosomal dominant,
malignant tumors are found in successive generations.

In addition to the family history, the clinical examina-
tion is an essential part of a screening exam for cancer
predisposition. As discussed above, half of tumor predis-
position syndromes are missed by pediatric oncologists
(Merks et al. 2005). Therefore, we strongly feel that all
children with a malignancy should be examined by a
clinical geneticist or a pediatrician skilled in clinical
morphology in order to evaluate for morphological
abnormalities. Internet databases and handbooks can
help classifying and interpreting morphological abnor-
malities (Jones 2006; Winter and Baraitser 2009; Sijmons
http://www.facd.info). However, those databases work
best for clinical geneticists trained in this field.

After all, it is important to be aware of a possible
underlying genetic predisposition in any case of rare
pediatric tumor. In fact, many pediatric cancers are
very rare diseases in itself, and therefore every child
deserves a clinical genetic examination once in the
course of its disease.

6.6.1 Management in Case

of Cancer Predisposition

Familial cancer syndromes and most associated malig-
nant tumors are extremely rare in children. Therefore, it
is important to get help from physicians who are expert
in the field of these rare entities, and a multidisciplinary
approach has to be coordinated. Patients with genetic
predisposition to cancer may have other diseases and
conditions (such as endocrine disorders and immune
defects) which make a comprehensive approach
crucial.

Ideally, a personalized plan in order to reduce the
risk of a malignancy should be developed for the patient
and/or family members. This plan may include:

* Annual physical exams with additional examina-
tions depending on the specific rare tumors that
have occurred in the family

e Evaluation of any symptoms, even though they may
resemble common diseases, that have persisted for
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several weeks, such as abdominal pain, bone pain,
growths, headaches, etc.
¢ Education and awareness of the signs and symp-
toms of cancer
e Recommendations for changes in lifestyle, such as
diet, exercise, and other factors
* Genetic testing
» Participation in clinical trials to prevent and detect
cancer
* Psychological support
Although genetic testing is available for many familial
cancer syndromes, there are genes that have yet to be dis-
covered. Although many hospitals in the US have a
“familial cancer clinic,” which is a team of health
professionals with expertise in familial cancer syndromes,
this is still not the case in most countries. In general,
geneticists, oncologists, and social workers have to work
together in order to assist individuals and families by pro-
viding risk assessment, support, screening and prevention
recommendations, and genetic testing options.
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