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Familial C Type:X (FCCTX) i

0 identify Lynch Synds

an attempt o fciltate novel gene discovery in FCCTX, families (N = 12) were identified

e AC MMR gene

" MSS CRC. Significant

i ocati these

familes. Firs-degre relatives of the probands of the FCCTX families (N = 126) were

families (N = 153). sk of CRC

FCCTX families. n sx of the FCCTX fumilis, further rchival research also filed to
} .

inFCCTX.
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L INTRODUCTION

(Lichienstein et a., 2000). The lifetime risk of developing colorectal ancer (CRC) as a

1,2007). Itis the

2010). Despi low

incidence ate of CRC in the country (Canadian Cancer Society, 2010). Rk factors for

RC s 001

Noratetal ker etal, 1990)

‘and Martnez, 1996),high body mass index (Russo et al., 1998), sedentary lifestyle,

diabetes (Le Marchand ct

1997),family history of CRC (Fuchs et a., 1994),a history

of inctal, 2001

1988, (Burke etal.,

1997), and oldage (Tumer et . 1999). The advances in our understanding of human

identification of individuals with high predisposition to CRC a high priority and an

achievable task

1.1 Literature Search

(Pubmed, EMBASE, The Cochrane Library, Biological Abstract, Biomedical Reference.

Collection, CINAHL, Cliical Evidence, PILOTS Database, Proge Scholar,




P inti “colorectal
cancer”, “familal colorcctal cancer”, “hereditary colorectal cancer”, “hereditary non-
polyposis colorectal cancer”, “microsatelie instabilit”, “genetcs”, “screening”

“survillance”, and “tumouigenesis”. Reference lsts of elevant papers were also

surveyed to idenify additional lterature on topic of nterest.
1.2 Colorectal Tumourigenesis
crRe the process.
of ncoplsia,
(Grady, 2006). The major
200),
. ;
L 1971)
Th
ired. On the other |
198
11976).
Wingless/Wat, RAS-RAF-MAP} 3-kinase, and
006). CRC is i e




Vogelscin, 1990). In thir classic eview of colorectal tumourigenesis, Vogelsicin et al.

acquisition of mutationsin KRAS and p53 (Vogelstein et 1988). However, more.

the somatic

1.3 Colorectal Polyps

Prior o the 19905,

osed that

colorectal tumours develop from precursor adenomas (Morson, 1962; Vogelstein etal.

1988; Bond, 2003; Cappell, 2007)

occur more frequently in the distal colon (Cappell and Forde, 1989). They are present in

000)

approximately

therefore as insignificant findings (Morson, 1962; Arthur, 1968; Williams et al., 1980).




ndit with
CcRe 1996).
In 1990, th term “serrated adenoma” was first used o describe mixed
. 1990). polyps
pical of hyperplastic
2002),
polyps
Makinen et a., 2001). W
2007).1
pathway to CRC |
2002).
1.4 Molecular Pathways to CRC
Rescarch
The
instability. Both
1999).
proposed, Last




Leftsided CRC i

CRC

008).

14,1 Chromosomal Instability

“The model of Vogelstein et al. was built around the idea that most colorectal

(Morson, 1962; Vogelstin et a., 1988; Bond, 2003; Cappell, 200
leading to CRC as

resultof i ppreseoc g

( A Jass, 2006). Ch ic instabilty via

» .. 198)

comparative genomic hybridization have demonstrated that specific areas of
y

chromosomal

(Meijr et al, 1998; Hermsen et al.,2002). Tumour development in familial adenomatous

polyposi Lindor, 2009)

the adenoma-

carcinoma sequence duc to the APC mutation (Alberici and Fodde, 2006).



142 Microsatelite Instability (MST)

sl i pet

of DN/ “The term “instability”

La Chapelle, 2003). The

reference panel MS consists

— BAT2S, BAT26, D25123, DSS346, and DITS250

1998). A is two or more of the

)ifonly one

iy

(Boland et al, 1998). However, when none of the markers show instability one cannot

002)

R ivi MSL. However, there

eor

investigators grouping this category together with MSS (Laiho ctal., 2002), while thers.

contend that MSI-L i

pathway to carcinogenesis (Jass et al, 2002; Rudzki et al., 200%; Bapat et al., 2009).

M1 ene

1%

1998;

Herman et al, 1998; Cunningham et al., 1998). A decline in the expression of MLF1 has

RC 2003, MSI




Prior 10 2005, prog

inconsistent.

MSS CRC.

ignificantly

with MSS DNA i i 1031

(95% CI: 0.59 - 0.71) (Benati et al., 2005; Popat et . 2005). The study of Benati et al.

pat = 1263), used
Popatetal
MSIL and MSS.
MsI butit that other features
that

between the two groups.

143 Serrated Pathway
1992). The type

i the sessi

RC. L CRC



. the CpG island

v, sl

rightsided tumours (Young et a., 2005; Wish et al., 2010). On the other hand, the

raditional serrated adenoma appears o be a precusor to MSS or MSI-L CRC that is more

2010). The
CpG istands.
KRAS and BRAF are oncogenes that are involved in signaling with the
pathway (Figure 1.1
BRAF and

tumourigenesis (Storm and Rapp, 1993). Somaticaly acquired KRAS variants have been

shown 0 be a key event i the transformation and further growth of small adenomas,

al, 1988, Th
BRAF variant
1799T>A] of BRAF
activation of the 2002), On the oth
hand, i RAS variantin
"




Growth factors
. TGF, EGF

]
@
@

YD DUTu1
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Increased transcription

arowth ad protiersion

Figure 1.1: s i
pathway. Adapted from Leggett and Whitchal 2010),

KRAS and BRAF activate MEK which phosphorylates and activates extracellular sgnal-

2 X o cell

signaling molecules.



all cases of CRC 18%

between 36.4% and 87.5% of the BRAF variants i these studies (Davies et al., 2002;

2002 Yuen etal., 2002 1.2005),

PVAI600GIu BRAF variant in patiens with MST i theliteratue are 16%, 45%, and 52%

(Domingo et al., 2004; Lubomierski et al, 2005; Samowitz et al.,2005). On the other

hand, only 5% variant

2005). BRA
of MLHI by CIMP-associated hypermethylation, th etology of the 1% of sporadic.

cases of Ci . and not with MLHI

deleterious variants (Wang et l.,2003; Domingo et a., 2004; Weiscnberger et al.,2006).

15 Hereditary Colorectal Cancer

approximately 35% of csesbeng influcnced by genetc suscpdbiy acors
(Lichiensicn et L., 2000). The nbeitd forms of CRC have been shown o be the result
of germline mutaions i mismatch rpair (MMR) enes, APC, SADA, STKIILKBI,

MUTYI, and BMPRIA (Alionen s 2007, Thetwo most common forms of inheried

cRe, tary non-

(HNPCO), id fumilisl

‘mutation in APC resulting in the formation of numerous adenomatous polyps, which



100% risk of CRC (Ste 000

s inher 005). This
Bignam, 2001)

MMR

i 2005). i RC

SMADY and BMPRIA mutations), Peutz-Jeghers syndrome (caused by STK1 1/LKBI

), and 007,

low.risk CRC

pibiliy loc, ibui i of CRC
(Houlston et al, 2008). To account forthese newly discovered and currently unknown

Toci,

‘Colorectal Cancer Type-X (FCCTX). Individuals with this syndrome oficn meet the

and

use the label “Lynch Syndrome”
g MMR
HNPCC, the

2008

151

HNPCC was first described by Warthin in 1913 (Warthin, 1913) and then by

hetal, 1966).

high pencts i right-



I, endomet I bowel,bra it the

008).

007,

Defects in the MMR system have becn idenified s the cause of Lynch Syndrome.

001). M in MSH2, LI, MSHS, and PMS2 are
sponsible for approvi (Woods etal,
2005).

their DNA 4 MS! and Lynch

‘Syndrome (Bapat ct al, 1999). MS1 isthe result of he failure of the MMR system to

e

expansion of:
etal, 2000).

152 Famlial Colorectal Cancer Type X (FCCTX)
HNPCC

d lack

I dmately 50%

sringent ACI fallinto tis category (Lindor et al, 2005; Lior etal, 2005). In 2005,

Lindor et al. proposed that the labe] “Familial Colorectal Cancer Type X (FCCTX) be



indor et al, 2005). MSI

1998). The term

Afrasibi, 2007). The genetic bass for FCCTX remains o be elucidated and itis

individuals o the development of CRC (Woods et al, 2005). However, it likely

herediary CRC
aL,2010), Asnovel e—
c CCTX ean be adjusted
spproprsely.
Recent g s
1 Syndrome, Juss tal.
a s

(Jass etal., 1995). The

(N =62)and MSS (N =

fewer cases of

his tendency of!

2006,




those of FCCTX are mre frequently lft-sided (Reakonen et al., 2003; Lior et al., 2005).

Lindor et al undertook a sudy of cancer incidences in 161 ACI pedigees (N =

1) MSLH and MMR ynch

)MSLL dant (FCCTX group)

(Lindor etal, 2005).

independently.
sk,

‘normal population. The normal population was derived from the SEERY databasc, which

s cancer registy for various regions o the Urited States between 1973 and 2007. The

FCCTX (SIR23,95% C;
17 i . the Lynch Synds
ificanty g CRC (SIR 6.1,95% C1: 52-72)
e stomach Il itestine, endometri

and ovary. Thus,therisk of CRC in the FCCTX group was less than half of that o the

Addionall
than forindiy ith Lynch Synds as
ien ® he L 7 years)

ersus the FCCTX group (60.7 years). This finding s frther supported by the



investigation of Renk 1

Lynch s inthe FCCT: 2003)

In 2005, Lior et al. published the findings of a prospective, population-based

‘cohort study including 1309 individuals ecently diagnosed with CRC (Llor et al., 2005).

Only 25 individuals (1.9%) met the ACI (N = 17) or ACII (N = 8) with 15 of these

ch

ey s siga
Syndrome (N = 10) and FCCTX (N~ 15). Thus, any comparisons drawn between the two.

imitation of

recent study

reported that PMS2 mulations were responsibl for approximately 9% of MMR

200

one of only  few prospective studies that direetly compare the phenotype of Lynch

4 Tts prospective

was 31.5% and H




1,53 Diagnostc Criteria

Fanily

CC in 1991 duri 1.2). The ACI outline:

one of

50 (Vasen

etal., 1991). The ACI were revised in 1999 10 include extra-<olonic HNPCC-related

cancers under the Amsterdam I Criteria (ACID) (Vasen etal., 1999). Individuals.

ing cther the ACH or AC] In

Clland ACH idelines, developed in 1997

. 1997; Umar etal., 2004) F

M1 MMR

recommended.

M1 and MMR

H
suitability of the ACI, ACIL, and original Bethesda guidelines,they are not an exact

1., 2004), The results of th izedin Table 1 on

presence of inherited



of whom must
einiv o e o
* it erna

/u ,_, one case diagnosed before

R v a——

i | s e o 5.
FAP exclud

s hid be e by
pathological xaminaton.

T OngmalBbeds  Rescibeheds

that meet the Amsterdam criteia

CRC diagnosed
s0.

‘and metachronous CRC or

HNPCC-associated tumours

(endometria o

ransi
sl peisor )
Paicts with CRC and 1*degree

CRC with the MSI-H histology
dingnosed in a patient befor age.

CRC diagnosed n apaticnt with
one or more I degree elatives

ot o i rentod ptrn
ordcrmmyon
histopathologic disgnosis before
ageds,

Patints with signet.ring celltype
‘CRC diagnosed before age 45.
Patints with adenomas dig
before age 40,

Figure 12:

‘Adapted from Bonis etal. (2007)



ia for patients

P
Table L1: itivi ifici ACI, ACIL, and original
Bethesda Guidelines to predict MMR gene mutations.
A Acn Bethesdn
Guidelines
Semsitvity EXI % o |
Specificity GEI = N |
speciicity v were poted
pecs 'y
existence of the FCCTX cohor FeCT
HNPCC, 4 MMR
Thus, FCCTX 3 gene
sequencing by These
lower the

specificity of these guidelines. Given that it has been reported tha as many as 50% of

MMR

Of FCCTX, which.




1.6 Surveillance of High Risk Individuals

1.6.1 Screening Techniques and Recommendations
CcRC

the Western world,

al. 2008; Arber et al., 2006

(Winawer etal, 199 i ageof S0

(Loffeld, 2009). With the adven of effective screening programs, CRC incidences have

g 198:
1995 and 2010)
ilaly, i i ing since 1984 The majority of
Edwards etal.
ing
In2004,
eddin tal, 2004)
prevent CRC L, 2000). The

BI) (every




). (every

based on the significance of the colonoscopic findings.

.

) 000). Flexible

P

'59% and 79% in case-control studies (Neweomb ct al, 1992;

2010). He
procedure.
1998

. 1997). However,this

‘models. The mai
A
lonography (CTC),an

patient’ colon.

2003; Mulhall et . 2005




007). H

Malhall et al, 2005) Est i the

. 70% and 84%

lesions.

(Licherman et al, 2000). The cost<ffectivencss of such a strategy has been questioned

ddiionall,

control study

left-sided tumours, but no mortaliy reduction (OR = 0.99,95% C1: 0.86 - 1.14) from

2009) i Fand

e jals (RCTS)

(Ransohoff, 2009). An RCT examining the benefi of colonoscopy on CRC incidence and

morality is currently being planned (Bretthauer ct al., 2006).




2
loping
2004),
sk of culty coordinating
follow-
adenomas,
008)

necessary preventive medical atention.
1,62 Sereening for Hereditary CRC

ing of indivi history of Lynch Syndrome, FCCTX,

thus ot

‘age of 25 or ten years carler than the age of the youngest onset of CRC i the fumily



(Burke etal, 2004

e
who
alsyer
perod, cre
2000). Curenty, no formal
Lynch
drome. Addionll h
e 30-35 dee
these extra-
dor et . 2006
L
need forregular generalexamination (Lindor et 2006).
hereore,
+2008) with
iteorecal ithleal he
2004), Qualiy of
(Church etal., 1996; Ekek et al., 2007
" 2003, Desite pouch anal
Given the




MMR the timing of which

should be based on the familal pattern of discase (Church, 1996). Thisis based on the

. A recent study

demonstrated a 1-23 y

Vos
2008,

consideration of the procedure,

i

1998). Additionall

prevention of endometrial and ovarian cancers (Schmeler et al., 2006). Thisis based o
the 40— 60% lfetime risk of endomerial cancer and 10 12% risk of ovarian cancer in
this patient population (Dunlop et al, 1997; Aarnio et al., 1999). Currently, there is no

research regarding th utlty of prophylactc colectomy in FCCTX. However, it would

appear o be less of L

surveillance in FCCTX.

163 Pharmaceutical Prevention

“The prevention of progression from adenomatous polyps to CRC, which appears

w© o

008). Current




already formed,

al. 2008; Glebov etal., 2006).

2006; e

Rothwel, 2007; Rothwell et

600mg QD

four year

fod in adults

+2004). Addiionally,




006)

(95% 1,059 -0 1,0,

200mg BID (bisin die =
far
056
o. :
2006). Therefe
of CRC Unfortunatel
Tral Safety
l i PreSAP, ADAPT, CDME,
MA27 Tollow-up.
1605%C1, 112, 008). 1t
BID

31 (95%CIL15-6.1),

18(95%CL, 113,

1.1 (95% C1, 0.6~ 2.0). Upon statifying for baseline cardiovascular isk, the authors

20,95%CL 15 -



o 3.9: 95% C1, 2.3 - 6.7). Additonall

ing no

Significant inerease in isk of an adverse event i these patints. Therefore, celecoxib.

subjects.

007). This

(CRC in high cardiovascularrisk individuals (Sacks et al, 1996; Xiao etal., 2008;

Herszényi etal,, 2008). i

Of CRC, however,this potential has yet t be realized.
1.7 Genetic Studies in Newfoundland

1.7.1 The Newfoundland Population

The island o was di boto in 1497, aver




it the

‘population of Newfoundland in 1750 was orly 6,000 (Froggatt et al., 1999). Rapid.

1780 1830 wi Catholics from

1986). These twenty

003
e fisher

ly 1987).
plentiul. i i pical of the
ime.
within the Newfoundiand population. The current population of Newfoundiand,

ordi i the
less than 2 u

2006). i ideal for studying
particular genetic disorders that are prevalent n the population.

I RC in Newfoundland, el e

the result of founder




1o other CRC suscepibilty g resuling i ther high

Additonally,
.+ 1998) and
hemophilia A (Xie et al., 2002). I i thought that there have been a series of founder
but
isolates.

1.7.2 Other Populations Similar to Newfoundland




‘genctic
2005). For example, i
Saguenay Lac-Saint-Jea
e
etal., 1998) Jation in
2003). The Finnish
lar
1997)
characterized
highly suitable for genetic rescarch.
18 Study Rationale
idividuals fo

FDN

Thisis the




was made

possibl only

aseq

CRC susceptibility amongst individuals with FCCTX.

19 Study Objectives.

the FCCTX

based is. To pot

en

the following page:



1. To idenify FCCTX famiies wit RC

refered to the Provincial Medical Genetics Program.

2 bands and

family members.

3 .

probands from FCCTX and Lynch Syndrome fumiles.

4 i FCCTX and L families.




2.METHODOLOGY
21 Study Families
2.1 Selection Criteria
17)0f
gene
discovery. RC
i
a sion, and having MSS CRC. Family |
months, whi e 50. H forthe
purposes of thisinvestigation, family 1 wil be considered to fulfl the FCCTX ertera,
i o useful o additonal family (family 3) was
itally et FCCTX classifi
required ACL
the thesis, but has
" s (Fmilis 1,2, 4,5,
6and

clinicopathological study.

of the AC




strong fmily history of CRC beforethe tme of the NFCCR. Diffreniating between the

. On the other hand,

uniform recording of ages a last ollow-up.

the

FCCTX fumilics. The Lynch Syndrome fumilies were identifid from the NFCCR, met

the ACI or ACIL cre

‘mutation.

follow-up

twelve FCCTX study

2.1 and Figure 2.2). The Human Investgations Committes of the Faculty of Medicine at









FCCTX and L i

the NFCCR,

‘confirmed case of CRC between 199 and 2003. For the clinic-based FCCTX fumilies,

ot explictly indicated,the individual wi RC,

diagnosis, was selcted as the proband.

2,13 Clinical Data Collection

170 database.




BRAFand

MMR \diional
The
Information
Judes age, gender, family number,
Tast follow- istory por
ter Lynch
other non-L
. For
p
Other L
ndomerial, Il bowel,

2008). for the Lynch

present study in order to ensure direct comparability.

Forthe purposes of the pathology analyses, surgical reports of colonic resections




they reported the number of polyps dentifed, thei location, and often thir approximate

h ng forms.

American

2008).

the purpose of statistical analysis.

2,14 Family History Score Calculation

In 1984,

isk of retinoblastoma was developed (Chakraborty etal, 1984). The purpose of




by Chakrobory et al. (Yang et al., 1998). The expected CRC incidences were calculated

\ Epidemi nd End

- N,

£ was st ender, and race (C:

following cquaion:
E; = 1 — Exp[— TyIDi XA1]
k= theage group.

1D = the incidence density in the kh age group.
1= the age inerval

using e following cquation:



Z,0,-%,E,

VZ,E,(0-E)

7, the family history seore for family |
0= the observed CRC staus for the jth member i fomily |
E, = the expected rsk for CRC for the jth member in family /

that it does not

Many of the irs-degree

b
n
RC,
esimates ofthe true risk.
Crteria
FCCTX was
Informaton

age of onset,
hrough a eview of theprobands’ mediclrcords, The CRC tumour DNA of the
probands o underwent esin for the presenceofthe ¢ 199> BRAF vriant
(p-VAIGD0GH) given s hypothesized ol i the pathogenesis of CRC and sssocation

with the sessile serrated adenoma pathway




23 Comparison of FCCTX and Lynch Syndrome Families

SPSS version 1
Forall test
significan diference.
23,1 Pearson Chi Square Test
e nll
the number of
This
i s
In
addition, it provides an ni ik between the
wroups. Chi

square analysi. The following equations were utilized in 1o achieve this:

Clygym ED 196 % SE
ED=p-p,

sE = |20-p)  pA-p)
n



»l i oTX.

interest
P2~ proportion of fistdegree relativs of Lynch Syndrome probands with
outcome ofinterest

SE = standard eror ofthe estimated difference

232 Time-to-Event Analysis

‘The Kaplan-Meier method, asimple form of survival analysis, was used to

Meier, 1958).

1004). Kaplan-

Log-Rank test,

groups.



families (N =

other L i ind death
forcach

o groups.
ditionally,  Mantel-

between the FCCTX and

srutifying by group (i.c. FCCTX and Lynch Syndrome first-degree reltives).

c a indicate violation of the

24 Geographic Distribution of FCCTX Families

ihe FCCTX

igin, amilis were

were bom?" Place of origin was reported for 12 FCCTX and 13 Lynch families

respectively. Reported




the locat place of
L into the
MAP version 9.3) where a projection with
North
the data. P
‘comparator for the time-to-cvent analy
25 Genealogical Investigations.
i The
Fhese genome-
Fe i mutation




alltwelve of the FCCTX families being analyzed by the KINNECT software, while six of

these FCCTX fumilies underwent furtherinvestigation in the archives.

25.1 KINNECT Software

of origin, dates of birth, as wellas ensuring the accuracy of previously ascertained

information.

ection of family trees

1880 1945,

.

“Therapeutics Research Group (PTRG) of Memorial University. KINNECT creates an




NGD. The individual

fudi date of birth,
P
ways ion, KINNECT
this was
Two variables, igh (P
Firs,
-

interest. To ad n this process, KINNECT usesthe second variable, FW, 0 elp ind the

comect match. is i fther and

. - e

o furher extend the pedigrees.



denom:
1946,
Using
KINNECT, 29 of the.
Success ate of 97%.
252 Archival Research
the FCCTX.
i
ty
pursuits.
nd Jican, United, Sab
"
Newfoundiand
for
101891, with all

province. i 1949)




website Our F of Canads

study familics as complecly as possibl.
2.6 Additional Data Analysis

2461 Time-to-Event Analysis




s at least 50% of his o her siblings. This condition minimized bias by allowing

RC, but

262 Pathology Amalysis

rectal cancer,

resection, 2004). Additional

eventin the analysis. After exclusion of ineligible subjects, 37 cases of CRC from 33

were analyzed. h




!

descending colon, sigmoid colon, and rectum (Distler and Holt, 1997). Polyps were.

(right i a




were identified.

-1.310.46.5. The number of cases of CRC per family ranged from 5 o 15.

31c
The clinial FeeTX
3.
primry CRC 910 F bands. Of the
roband: e CRC, ided CRC, and

demonstrated multiple primary tumours,including both right- and left-sided CRCs. Three

of 4, BRAF
ded. Intresting)
id However,
pr testing f “The other nine
probands had BRAF

leftsided patern of tumours, with 80% of the tumours being found distal to the

transverse colon.
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32 Comparison of FCCTX and Lynch Syndrome Families

32.1 Pearson Chi Square Test

the

twelve FCCTX probands (N = 126) to fist degree relatives of the Lynch Syndrome
32).The

0389) cancer X and

cases of extra-colonic L

familcs oo, RoCTX

further confirms the occurrence of a significanly less of the other Lynch-Syndrome

related cancers in the FCCTX group.



Gender Other
Cohort | N | (Nmakes, | Cancer’ | CRC | Lynch | Dead
Nfemales) Syndrome-
related
RCX | 16 @@ | 2 ¥ [ 3ean | 4
Growp ct08%) | @12%) | @odm) a25%)
Tynch
Syndome | 153 | 4c@san) |56 “ | o |«
Populaton 79616%) | Gos%) | (88%) @61%)
Group
vl Owo | oa% | 0o | oo | oz
2-sided)
95% 1 Coii0, | (00, | Codor, | (0104, | (008,
@) 0126 | o1en | omy | 0009 | o
e z
sy of ocome corded for cachf e et 1 €5 10D
The~Cancer” g
montcol e
£ CCTX ad Lynch

‘Sydrome goups s xpericncd cach vt o e,

322 Kaplan Meler Time-to-Event Analysis

Kapli

CRC, other L

all comparisons.
(CRC was 75.2 (95% CI: 703 - 80.2) for the FCCTX group and 67.3 (95% CI: 63.1 -

71.6)for the i the

tisk for developing CRC earlier i life (HR = 0.64,95% CI: 042 -

997). This trend is

33)




proportons 30,

40,50,
lterinife. sroups.
groups.
(Figure 3.1 CRCata
FCCTX families
plotsfor
FCCTX and L
diverge, or cross ove time.
Table 33
population group.
Nean | AR
Cohort | N | N Percent Affected by Age. Survival | (95%
Evets (30 %0 S0 60 0 s | Tme | O
s
L P B R B TR R [0
Group 03802 | 042
0997,
Tyneh
sydrome 153 44 |2 6 23 3 s s | o3 =
Popuiaion @1-716)
Group




Cum Survival

Grouing

E) ) ) o o
Age at CRC or last follow-up.

Lynch Syndrome group.



tother L

3
relatives of the FCCTX and 34)
o
M
the FOCTX families
7).
Lynch
the firstdegr FCCTX and L
Addiionall is Foen

diverge,

statstc =7.50, p-value = 0.006), which is apparent from a comparison of the survival
curves for the two groups (Figure 3.2)

‘Table 34: Time-to-other Lynch Syndrome-related cancer outcomes for the study
up.

families and Lynch Syndrome population group.
Cohort N Percent Aflected by Age. R
Eveats [0 40 S0 60 70 5% C1)
FoX (%] 3 [0 0 0 3§ o2
Group ©06-07)
Lynch
Sypdome (1535 12 |2 2 6w p
Popultion
Group.

oLy
JEC e ——




Cum Survival

oxf
oz
oof
& 8 EE )

Age st Lynch Syndrome-Related Cancer or Last Follow-
wp

S

‘cancer for study families and the Lynch Syndrome group.



Life expectancy in FCCTX first-dege relatives was 74.3 (95% C1: 69.9 - 78.7)

nd 709 (712 76.8)for the Lynch Syndrome group (Table 3.5). Again the confidence.

&
051 - 1.24)crosses 1, indicatng the absence of a significant ifference in survival
103 (p-value =0.
s similarty, 33,
001). Therefore,

the hazard raio of 0.80 (95% CT: 0.51 ~ 1.24) may be an underestimation of true hazard

ntio
Table 35: L
population group.
Mean | W
Cohort N Percent Aflected by Age Survival | (95%
Evens |30 40 S0 60 70 80 | Time
s cn
FOX (%] @1 [T 2 10 16 @ @ | 73 | 080
Group, (©@9-77) | 031
124
Tynch 709
Syome (153 40 |3 s 2 2% 4 n [E61-156| -
Group




.
o
[
o =t
L
o ‘
T T T

‘Age at Death or Last folow-up

the Lynch Syndrome group.



33 Geographie Distribution of FCCTX Families

34) ceTX
He i
been idenifid.
Bonavista Bay area. Interesting
Peninsul i i ity It e b
eograp phenotyp
h Synds
MMR
& 3 mutation
_Gln21d4del
These areas of
MMR
st h, d
clustering of FCCTX feat

present i the discussion.



Figure 3.4: A

0255 100 150200
‘

studied. Credit for figure to Geoff Warden.






34 Genealogical Investigation

341 KINNECT Software

FCCTX study CT software of
H he.
342 Archival Research
six FCCTX
Atoul
(see Table 3.6). Inall 19" century,
16

Peninsul

have roots in the nearby Conception Bay communities of Bradiey's Cove and Harbour

Grace.



pedigrees
N N[ Eaniest
Family “Town(s) of Origin New New | Yearof
Individuals | Generations | Records
T Damerham, Hampehire Engiand > | 195 10 1520
7 roque and . Julan's NL @ O 20
3 Greenspond, NL 305 3 1iZ3d
5| St oseph's. NL (S Mary'sBay) |13 T 520
6| Todian sands and Hare Bay. NL 35 3 1800
7St Amthony and Harbor Grace, NL | 38 7 1800
35 Detailed Profile of Six o the Study Familis
The six FCCTX inedind

Fouro the

e i oy of CRC.The

sed, e

‘member with a case o pathology-confirmed CRC before the age of 75 between 1999 and

2003, g

9.1

pr 36) i was

summarized and aranged in  geographical maner (Table 3.7).
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Figure 36:
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351 Family 1
For the purposes family 1
. The family had
aFHS of 347
3. i which was
16 Hampehi
D) " his family
19 century.
family 1 r 39amd
y plan Meier 39).The time-10-CRC data
FCCTX pher
age o 50
Polyps 71 while
The lefsided
of 579 5% Cl
50 FCCTX phenctype.H

extra-colonic Lynch Syndrome-related cancers are uncharactristic of FCCTX. The

10 CRC other than the sssile serrated adenoma pathway.







1 collectively.

Table
Fami
Nuber o Prmary CRCs a
Number of Primary CRCs T 7
With Pathology Report
W Ag t One of CRC 5 579
603 -654)
R Locaon Right Left 3 (71.4%)
e
Mulipie Tumours No 0
Polyps No 2
Tiyperpiasic: 2 (100%)
Polyp Type No polyps reported bular: 12 (60.0%)
Villous: 2 (10.0%)
Tubulovillows: 4 20.0%)
12600%)
Polyp Location wa Right 6 (0.0%)
BRAF St Widiype =
IS 37 ]
Table i
N Percent Affcted by Age Miean Survival Time
Event | Events |30 40 S0 60 70 0 o5 ey
e |7 [0 0 12 3 w5 %
@ 153
Deah | 3 |0 0 6 1 1 3 756
001-810)
352 Family 2
Family Act
cre 38)
back four new Jolan's nd
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3 .

3.11). The time 1o-CR(
phenotype with the majorit of cases occurring after the age of 50. There were six

Pol

majority of | ible. Tumours

were evenly disributed between left-and righ-sided. The p.Val600Glu BRAF variant

2.The pr BRAF
serrated pathway may be involved.
| I | ] Femiy | |
Number of Primary CRCY 6
Number of Primary CRCs T 0
With Pathology Report
Mean Age at Onset of CRC 3] 573
(95% C1j 90656
CRC Location Right et 2 (50.0%)

Nulipie Tumours No No

ol No 3

Typerplastic: 27 (71 0%)
Polyp Type. No polyps reported Tubular: § (21 0%)
Villous: 2(53%)
Tubulovillous: 1 (2.6%)
Polyp Location W ¢ 2
Unknown: 36
BRAF Status pVal600G 5
s W
e o 1107




Table 3.11: time-
N Percent Affected by Age ‘Mean Survival Time
Event | Events [30 40 5060 70 80 5% CD)
CRC [ 6 [0 0 6 37 55 58
(©5-759)
Death | 5 |0 3 7 7 % 50 78
(684-811)

353 Family 4
Family 4 (N = 40) met the AC, had an MSS tumour,a FHS of 41.0,and

(Figure 3.9).In tota, 305 new

3 P. family 4is

the Kaplan Meier time-to-event analysis (Table 3.13). The time-o-CRC data

ag¢ 0 0.
e pr . and fifycight
orectal letsided,
polyps polyp The
ic Lynch
305% CI: 343 -
FCCTX phenctype. RCs with
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tumour DNA s more

typical of another pathway.

2% Right (Ascending.

Proband Family
‘Number of Primary CRCs. 2 8
‘Number of Primary CRCs. 2 7
With Pathology Report
Miean Age at Onset of CRC =60 [3E}
(©5% CI) 269 (543 682)
CRC Location Left (Descending colon)

Left: 6 (85.7%)
Right: 1 (143%)

colon)
Yes

3

3
Hyperplastic: 30 (51 7%)

Polyp Type Tubular: 3 (100%) Tubular: 16 27.6%)
Tubulovillous: 12 (207%)
Polyp Location Teft 1(333%) Left: 39 (67.2%)
Right:2 (66.7%) Right: 19 (32.8%)
BRAF Siatus PVal600Glu -
s [}
i from T 1T

‘Table 3.13: Kaplan Meler time-to-event analysis resuls for family 4.

Pt el by e ‘Mean Survival Time
B Bvmsi% & 8 o 50 % CI)
RC | 7 I T4
T14-833)
Dah | 10 |0 0 & § 3 757
0.1-813)
354 Family 5

Family 5 (N = 35) met the ACI, had MSS tumour DNA, a FHS of 37.1,and

3.10). The pedigr

sencration with






the additon of Joseph'sinthe St Mary's

6. The achival 10

Y i the pedigree. The
phenotype e
3 i 315). This

10%of RC before the
a0, : FCCTX phenatype
of R o
he family i 2%
35.1%) i withwildtype BRAF
llls. i
BRAF i e the right-

sided predominance of tumours is more typical of this pathway.



»
Proband Family
Number of Primary CRCs T 5
Number of Primary CRCs T 5
With Pathology Reports
Mean Age at Onset of CRC &
(5% ) (60-656)
Right @00%)
CRC Location (Transverse colon) Right: 3 (60.0%)
Mising: 1 200%)
Mulipie Tumours No T
Polyps 9 o
Hyperplasiic: 57 (85.1%)
Polyp Type Hyperplastic: 8 (88.9%) “Tubular. 7 (I
Tubulovillous: 1 (11.1%)
Polyp Location )
Right: 3 (33.3%)
BRAF Status Wild-type
FHS
N Percent Aflecied by Age ‘Mean Survival Time
Event | Events (30 40 5060 70 80 5% Cn)
RC [ 5 [0 10 10 35 5 s
| (582-71%)
Dah | 4 |0 5 L 78
l @ilee

355 Family 6
Fanily 6 (N
a patter of CRC consistent with autosomal dominant inheritance (Figure 3.11). The

) met the ACI, had MSS DNA, a FHS of 18.3,and demonstrated

19 century in the
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Indian Islands, a now resetled sland located just south of Fogo Island, and Hare Bay. a

with apr 3 aplan Meier

37,
(CRC thatis typical of FCCTX, with oy 7% of individuals affected prior 1o the age of

. CRC, one of CRC within

‘commonly lefi-sided, while tumours (60.0%) tended 1o be right-sided. Hyperplastic

“The proband

instance of multiple tumours within the family. In addition, the proband’s CRC expressed

the BRAF mutation

‘mechanism.



©

Famiy ]
3
s

Proband
Number of Primary CRCY 2
Number of Primary CRCs 2
th Pathology Report
Mean Age at Onset of CRC 6
% @ 6510-766)
CRC Location T Right (Hepatc flexure) Left 2 (40.0%)
Right (Cecum) Right:3 (60.0%)
Muliple Tumours s 1
Polyps 5 50
Hyperplastic: 7(778%) | Hyperplasic: 32 (640%)
Polyp Type Tubular: 2 222%) “Tubular: 16 (32.0%)
Villous: 1 (1
Tubulovillous: 1 (1.0%)
Polyp Location Teft 9 (100%) 30 (600%)
Right: 20 (40.0%)
BRAF Siatus Val600GH
s
e o 11015
N Percent Aflected by Age Mean Survival Time
Event | Events (30 40 5060 70 80 5% Cn
CRC [ 5 [0 0 7 7 46 100 707
(©45-769)
Dah | 5 |0 0 1 B 6 10 x
(606-78.1)

356 Family 7

Family 7 (N = 43) met the AC, had MSS DNA, a FHS of -1 and demonsirated

 patter of CRC consistent with autosomal dominant inheritance with reduced

the 19° century

312,

ly

. located in

Conception Bay.






D family 7 I

(Tab time-to-event

Aysis (Table 3.19). This family aso demonstraed the relatvely lte age of onset of
CRC typical of FCCTX, with only 12% of individuals affected by age 50. There were

of

RCs Polyps (&

whileall patholog
sided. The let-sided predominance of tumours and polyps and the mean age of onset of
(CRC of 60,0 (95% CI: 52.1 - 679) are all consistent with the FCCTX phenotype. The

two cases of exta-colonic Lynch Syndrome-related cancers are atypical of the FOCTX

phenotype. The RC,

RC sided.

possibility pu

adenoma pathway.



[ Number of Primary CRCs_| 1 is
‘Number of Primary CRCs. T z
With Pathology Report
Miean Age at Onset of CRC @ )
(©5% C) (521-679)
CRC Location et Left 4 (100%)
Nuliiple Tumours No [
Polyps. No 7
Folyp Type No polyps reporied Hyperplasiic 6 (857%)
Tubular: 1 (143%)
Polyp Location W Left 6 (85.7%)
Right: | (143%)
“BRAF Siatus Wild iype -
Fis a3
Table. ity 7.
N e 1 fean Survival Time.
Event | Events [30 405060 80 5% C1)
R B e 744
(©82-807)
Deah | 15 [0 0 11 11 34 752
(©3-810)




4. DISCUSSION.
a1 i FCCTX Criteria
i y
CRC. CRC ranged from 3910 76,
cTX
par
Noturall

(Licber 1.,2000). Additional
1o the degree o variation (Longnecker et al., 1990; Giovannucei and Martnez, 1996;

dhu et al, 2001; Norat et al. 2002)

proband. For example, family 7 has the fifteen cases of CRC, the mostofalltwelve

famil nd
CRC.
CRC location, ight i proband
This

e further supportsthe heterogencity of the FCCTX phenotype, while also

under the FOCTX clasification. Previous studies have reported between 76.8% and



are lefsided

(lassetal, 1995; lor el 2005).
crx BRAF vaiant ntheir
RCS. The observaton
BRAF
sded CRC This
pt RCs ghtsded, de
™ B

a1.,2005; Wish et al, 2010). The tumours n these probands all had MSS DNA., which
I six of the.

aleles. pa

10 CRC. i the tamours

CI:042-0997). H cRC




by age 70. Addi

of CRC

reporta later ag

2003; Lindor et al., 2005). A a

significantly

20,95% CI: 0.06 — 0.72). This data supports the notion that the FCCTX phenatype is

less severe,

than that of Lynch Syndrome. However, it does reinforce thatthelifetime risk of CRC in
the FCCTX clasification i substantial
“The comparison with Lynch Syndrome familis s limited by the inherent

differences between the familis i the two groups. Six o the FCCTX families were.

sed CR.

On the other hand,
allifeen of the iles uilized for compar
based, h ified in the NFCCR. Additonally,

investigation, FCCTX familis were required o have at least five ases of CRC in their

Lynch Synd

familes.

gene.

L families It

biases towards inflatng the number of cases of CRC in the FCCTX cohort, given the pre-




. The fact that the

ihe FCCTX
RC
wowp The
the analysis.
limitation of
this study of

ACH required for the FCCTX classification given that the earlies case of CRC in the

of the time-to-event analyses

43 Geographic Distribution of FCCTX Familics

Newloundland, the great

he province. Two areas of geographical clustering have been observed that correspond

P.Val2es



(Figure 3.5).

FCCTX would suggest

ceTX

proximity.

province with instances of clusteing

ecographic isolats. OF partcular importance in

RC. Three of the F
10) from the

sided CRC i 1600G1u BRAF

BRAF variant. Proband incage placing i
i gin of proband 12, vsided

allcles.

G . but hei deally different, Proband |

had a rightsi ype BRAF aleles, whi e

CRCs F y

e BRAF




onset, the FCCTX famili 1o be relatively
diffusely
FCCTX.
this seems unlikely.
44 Genealogical Investigation
441 KINNECT Software.
. In the past, these:

developments iy

v isin s infancy

software. Although,

he

the KINNECT software has

‘many hours of archival work.



442 Archival Research

families.

One family 16* century,

centry, 19% centry

famil indi in who did not

the Conception Bay distict. These

Despite th

famil i positive

findings must be noted. The extended pedigrees represent comparators when other

Feen

future gencalogical studies in the ar.

ix FCCTX

FCCTX




Jassii i i FCCTX, one.

highly-penetrant mutations in MMR genes (Froggat et al., 1999). The absence of

erx

“TX classification. Another

possibilty i i in higher

the

proces. The primary limitation of gencalogical research i the incomplete nature of the

records. e

province,




por i the 19° century with
1% i ot nclade
s variai

‘gencration. There i no historical clinical inform

This
the
records. 1 i of the
pedigrees,
i process. The invests
il
\
Inth




fundamental

results of such investigations.

45 Detailed Profie of Six of the Study Families

spear (0 fit the FCCTX.

patter of CRC consistent with autosomal dominant inheritance, MSS tumour DNA, &

general L

1 oveall,

and 60.7 repor

2003; Lindor et al, 2005).

45.1 Time-to-Event Analysis

There

was only one case of CRC before the age of 40, less than or equl to 11% of family

by the age of S0,

Study familis. The mean time of survival (o CRC ranged from 68.0 0 76.1 amongst the

study familis. Similar
778, These pattems are consisten with th lae-onset pattern of CRC i the FCCTX.

Jasif

up. Thus,




= However, i feaur of
The
Ths,
population once s geneti basis has becn lucdated.
Ap
based I ; butwoof
1999 and 2003, Thi factoras more
wniform
Despite
ollowed
necessry ot follow
wroup
‘confirmed by pathology reports.
452 Pathology Analyss
pabology FeeTx




between it CCTX are

left-sided (Jass et al., 1995; Llor et al., 2005). The most common type of polyp found

‘comparison of FCCTX probands,the molecular mechanism underlying the development

‘of CRC could not be explained by one pathway amongst these familis. There was a

mixture of| i gene.

and the p.Val600Glu BRAF variant.

and Appendix B,

with specific focus on the occurrence of serrated polyps. Given that the

pathology
i terms of i e report
i The
consulted. i il but the families
under study. T
ditional
retrieved.




older report
= depth of dthe
analysis
®C
providing

suscepibilty genes underlying FCCTX.

46 Screening Recommendations

CCTX criteria hs

been well esablished by severalstudies (Jass et al., 1995; Renkonen et al., 2003; Lindor

etal.,2005; Lior et a., 2005). It would appear appropriate o initate screening latr than

Lynch Synds y

CRC inthe famil

begin screcning at age 25 o ten years before the carliest age of onset of CRC in the

family (Burke et al., 1997; Leddin et al, 2004). There are no clinical guidelines currently




their

predominance of rightsided tumours i these individuals.



experienced by the FCCTX probands and family members reinforces the heterogeneity of
the FOCTX classif

. The colorectal tumours ofthe twelve probands displayed

andp. Falleles.
pathways to CRC amongsi
The absence
one i by the PTRG w

will be used 10 improve the planning and exccution of future studies. Furthermore, the

familes studied

FCCTX familis of Newfoundiand. Future additons to this colletion may very well

yield the direct link necessary to faciltate novel gene discovery.

study fanil . The

ind the

agreed with the




individuals,
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Appendix A:

Patent Name:

MCP Number:

‘Stady Number:

Fanily Number:
Dt of Polypectomy:
Presence of Colorectal Cancer (fyes, date):

yes,date)

1) Tamour Site
Right (ascending) colon
. Hepatc flexure
— Tansverse colon
. Splenic lexure
Left descending) colon
. Sigmoid colon
Rectum
Notspecfied

32 Polyp Type
. Hyperplasic



- raed adenoma
"~ Hamartomatous polyp
Indeterminate

— Severe

. Notspecfied

) Polyp s

Gresestdimension: _ cm

Additonal dimensions: _ x _cm
‘Cannotbe determined

. Notspecifed

6) Polyp Configuration
. Pedunculaied with stk
Stk length: _

-

79 Ao Pt g chck s s
ified

et o g

Active

— Quiescent

Other (specy)

8) Ancillary Stadies
Specify:

. Not performed

9) Comments:




Puicot Name:
MCP Number
Sty Number
Family Number

= Splenic fewre
Len

. Caciomma,ype comno b determined

5) Hisologic Grade
Notappicabic

. Cannot e dtemined

. Low gmde (vel diferetioed o el difereninted)

" igh rade (poory differeatted o ndifereated)

) Tomour
" Canno e detrmined
nvasion (ecpest)




Laniapropria
. Muscularis mucosse

Z submucoss

. Ml poria

7) Margns (check all that apply)

e argi (Sl Margin)

- Canmot b asesed

T Unimalved by imsiv cainoma
Disance of v oma from mrgiv:

T —

NicosalLeral Margin

9) Lymphatic (Small Vess) Tnvasion (1)
. Notdenited

Prsent

Indteminsic

100 Type o Polyp in WhichInvasive Carcinoma Arose (o G)

. ftammatoy boweldsase
_ ouiescent

7 Oer speity:

12) Ancitry Sadies

P h—

ot performed



Appendix C: Detailed Profil of Family 3

Family 1 el

cRC i FHS of

‘s Covein

Conception Bay 2). ly

with a pr
of the Kaplan Meiertime-to-event analysis (Table 5.2). The time-10-CRC data was

anda

‘mean age of onset of 61.3 (95% CI: 54.3 - 68.2). Members of the family experienced six

cases of CRC.,

pol Teftsided, while

colonoscopy. The probar

CRCs

the BRAF var s tumours.






Table. 3 collectively
Events Family
CRC 3
‘CRC Pathology Repor s
Miean Age at Onset of CRC 613
(95% C1| 57 (543-682)
CRC Location T¥ Lt (Descending colon) Left 4 80.0%)
Right: 1 (200%)

2% Right (Ascending
colon)

Muliiple Tumours
Pol

No 5
Polyp Type o polyps reporied Typerplasii: 3 (0.0%)
“Tubular: 2 (40.0%)
Polyp Location 7y Left 3 (60.0%%)
Ri )
BRAF Saius Wild-type =
TS 3%
Tos.

‘Table 5.2: Kaplan Meier time-to-cvent analysis results for family 3.

N Percent Affected by Age ‘Mean Survival Time

Event |Events [30 40 5060 70 80 5% CD

CRC | 4 [0 0 0 15 4 4 717
(©67-767)

Dath | 7 [0 7 1B 1B 2 10 04
(639-711)
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