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Chapter 4

ABSTRACT

Aims

Previous estimates of the prevalence of mismatch repair (MMR) deficiency and Lynch
syndrome in small bowel cancer have varied widely. The aim of this study was to
establish the prevalence of MMR deficiency and Lynch syndrome in a large group of

small bowel adenocarcinomas.

Methods

To this end, a total of 400 small bowel adenocarcinomas (332 resections, 68 biopsies)
were collected through PALGA (Dutch Pathology Registry). No preselection criteria,
such as family history, were applied, thus avoiding (ascertainment) bias. MMR
deficiency status was determined by immunohistochemical staining of MMR proteins,
supplemented by MLHT promoter hypermethylation analysis and Next Generation
Sequencing (NGS) of the MMR genes.

Results

MMR deficiency was observed in 22.3% of resected and 4.4% of biopsied small
bowel carcinomas. Prevalence of Lynch syndrome was 6.2% in resections and 0.0% in
biopsy samples. Patients with Lynch syndrome-associated small bowel cancer were
significantly younger at the time of diagnosis than patients with MMR-proficient and
sporadic MMR-deficient cancers (mean age of 54.6 years versus 66.6 years and 68.8
years, respectively, p<0.000).

Conclusions

The prevalence of MMR deficiency and Lynch syndrome in resected small bowel
adenocarcinomas is at least comparable to prevalence in colorectal cancers, a finding
relevant both for treatment (immunotherapy) and family management. We recommend

that all small bowel adenocarcinomas should be screened for MMR deficiency.
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INTRODUCTION

Small bowel cancer is a rare form of cancer, with an incidence of less than 1.0 per
100,000," and little is known about the risk factors for development of this rare disease.
However, monogenic cancer predisposition syndromes, such as familial adenomatous
polyposis (FAP) and Lynch syndrome, are known to be responsible for a proportion of
small bowel adenocarcinomas.? While FAP, which is caused by a germline pathogenic
variant in the APC gene, is characterized by the presence of polyposis coli, Lynch
syndrome may be harder to recognize.®*

Lynch syndrome is caused by germline pathogenic variants in one of four mismatch
repair (MMR) genes (MLH1, MSH2 (EPCAM), MSHé and PMS2) and predisposes
carriers to the development of mainly colorectal and endometrial cancer.* In addition,
risk for several other malignancies is increased, including risk for small bowel
adenocarcinomas, currently estimated to be between 0.4% and 12% for MLH1 and
MSH2 variant carriers.> Unlike FAP, there are no overt clinical characteristics that
distinguish a small bowel malignancy in a Lynch syndrome patient from a sporadic
case, although a personal or family history of a Lynch syndrome-associated cancer
may be suggestive. Surveillance of the duodenum is generally not recommended in
Lynch syndrome due to lack of evidence supporting its effectiveness.® Nonetheless,
identification of a Lynch syndrome family via a small bowel cancer case may provide
the patient and other family members with the opportunity for surveillance of the
colon, which has proven value as a screening strategy ”2.

Ahallmark of Lynch syndrome-related tumours is the presence of MMR deficiency, which
results from biallelic inactivation of one of the MMR genes and can be demonstrated
by immunohistochemical staining of tumour tissue for the MMR proteins, and/or
microsatellite instability (MSI) analysis.”'® Lack of nuclear staining of neoplastic cells or
presence of MSI are indicative of MMR deficiency. MMR deficiency in Lynch syndrome
occurs due to a second somatic hit in neoplastic cells, in addition to a germline variant.
MMR deficiency may also occur in sporadic cases due to somatic inactivation of both
alleles.” The presence of MMR deficiency might also be relevant to patient treatment,
given that PDL1-blockers produce a good response in MMR-deficient (colorectal)
cancers regardless of sporadic or hereditary aetiology.”'? Universal screening for MMR
deficiency in small bowel cancers, as introduced for colorectal cancer and endometrial
cancer in many countries,”®"* may therefore be warranted. The potential benefit of
a comparable screening strategy can only be accurately assessed if the prevalence
of MMR deficiency and Lynch syndrome in unselected small bowel cancer is first

reliably estimated. Previous estimates of the prevalence of MMR deficiency were
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based on small cohorts and consequently showed wide variability (0-35%).2' Few data
are available on the prevalence of Lynch syndrome in these cohorts. In this study, a
large, unbiased collection of small bowel cancers was used to reliably establish the

prevalence of MMR deficiency and Lynch syndrome in this rare tumour group.

METHODS

Cohort

The nationwide network and registry of histo- and cytopathology in the Netherlands,
known as PALGA, was consulted in 2017 in a nationwide search of tumour samples
from small bowel cancer patients.’ All excerpts labelled by the reporting pathologist
as a neoplasm of the small bowel were extracted for the five-year period 2012-2016.

The conclusions of the resulting pathology reports were then screened for:

1. All resected primary small bowel adenocarcinomas within the five-year time frame.
This resulted in the selection of 411 eligible tumour specimens.

2. The hundred most recent samples that included a biopsy of an adenocarcinoma with
a (possible) primary origin in the small bowel. This second category of samples was
added to ensure inclusion of unresectable cases (some duodenal adenocarcinomas
present at an advanced stage and are not resectable due to the high morbidity of

surgery).

Formalin-fixed paraffin-embedded (FFPE) material representative of these adenoc-
arcinomas was then requested. Material from 332 resection specimens and 68 biopsy
samples was obtained. A favourable ethical opinion was received from the Medical
Ethical Review Board of Leiden University Medical Centre (reference number P16.313).
Due to the anonymous nature of the samples and the rules and regulations of the

PALGA-network, obtaining consent was not possible or required.

Study procedures

The study flow is visualized in Figure 1. Upon receipt, 4pm sections were taken
from the FFPE blocks and subjected to haematoxylin and eosin staining (H&E) and
immunohistochemical staining of the MMR proteins. Additionally, depending on
tumour size and histology, 10um sections or punches from the tumour were taken
for later DNA isolation. Guided by a matching H&E slide, the 10um sections were

micro-dissected to enrich for tumour. All samples were coded for complete anonymity
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according to Dutch guidelines. Anonymous basic personal data (age at diagnosis and
gender) was available for each patient, in addition to historical pathology reports. No

other clinical data were available.

All adenocarcinomas were initially immunohistochemically stained for PMS2 and
MSHé protein expression."” Subsequent immunohistochemical staining for MLH1 and/
or MSH2 was performed if the tumour was PMS2- or MSHé-deficient. This approach
is more cost-effective than using a four-antibody panel and has good sensitivity. The
rationale for this approach is that functionally, MLH1 forms a heterodimer with PMS2,
while MSH2 forms a heterodimer with MSH6, and mutations in MLHT or MSH2 result in
degradation of their heterodimer partners. Hence, use of PMS2 and MSHé antibodies
as a first screening step will generally identify loss of protein expression of MLH1 or
MSH2.778 In cases with MLH1 deficiency, MLH1 promoter hypermethylation analysis
was performed. In cases with loss of expression of MLH1 in the absence of MLHT
promoter hypermethylation or in cases with MSH2, MSH6 and solitary PMS2 expression
loss, the MMR genes were further analysed using Next Generation Sequencing (NGS).
If NGS identified a variant with an allele frequency of >40%, DNA from matching non-
neoplastic tissue (when available) was isolated to determine whether the variant was

germline or somatic in origin.

Figure 1 Study procedures. IHC = immunohistochemistry. MMR = mismatch repair.
NGS = next generation sequencing

Adenocarcinomas of the
small bowel
Resections: n = 332
Biopsies: n = 68

MMR-proficient
Lynch syndrome unlikely
Resections: n = 243
Biopsies: n = 58

Exclusion
Resections: n =8 <
Biopsies:n=7

NGS analysis of MMR-genes

Staining

failed IHC for PMS2 and MSH6 | —Normal—>

Resullts in Table 2 and
supplemental Table 2

Aberrant

MMR-deficient
Lynch syndrome unlikely

MMR-deficient
possible Lynch syndrome
Resections: n = 48

Biopsies: n = 1

IHC for MLH1 and/or MSH2
Resections: n = 81

PMS2/MSH6/MSH2
aberrant Resections: n = 33

Biopsies: n=3

Biopsies:n=2

MLH1 aberrant

SE MLH1 promoter hypermethylation
MLH1 promoter present
No MLH1 promoter hypermethylation analysis
hypermethylation Resections: n = 46
Biopsies: n=3

69



Chapter 4

Immunohistochemical staining

Details on the immunohistochemical staining procedures can be found in the
Supplemental Methods. The immunohistochemically stained samples were examined
by an experienced pathologist (HM or AFS) using light microscopy to evaluate MMR
status. MMR proficiency was defined as the presence of nuclear staining within
neoplastic cells, as well as within adjacent non-neoplastic cells. MMR deficiency
was defined as an absence of nuclear staining within neoplastic cells, together with
positive expression in non-neoplastic cells. A third category, subclonal loss of protein
expression, was defined for those adenocarcinomas harbouring a subpopulation of
cancer cells with loss of expression together with cells retaining expression of an MMR

protein.

DNA isolation using the Tissue Preparation System

DNA was isolated using the Tissue Preparation System with VERSANT Tissue
Preparation Reagents (Siemens Healthcare Diagnostics, Tarrytown, NY), as previously
described.”

MLH1 promoter hypermethylation analysis

Caseswith loss of MLH1 expression were analysed for MLH 1 promoter hypermethylation
by methylation-specific PCR (MSP).22' Bisulphite conversion was carried out using the
EZ DNA Methylation-Lightning Kit (D5031; Zymo Research) according to manufacturer’s

instructions.

Targeted Next Generation Sequencing

Adenocarcinomas with aberrant expression of at least one of the MMR proteins in the
absence of MLH1 promoter hypermethylation underwent DNA variant analysis using
an NGS panel. This panel consists of 20 colorectal cancer- and polyposis-associated
genes, and hotspot regions of the CTNNBT gene (see Supplemental Table 1 for all
genes and panel coverage). For the purposes of this study, analysis of NGS results was
restricted to MLH1, MSH2, MSH6 and PMS2. Sequencing was performed using the lon
Torrent platform according to the manufacturer's recommendations. Details can be
found in the Supplemental Methods.

The unaligned sequence reads generated by the sequencer were mapped against a
human reference genome (hg19) using the Burrows-Wheeler aligner (BWA). VarScan
and ANNOVAR software were used for variant calling and annotation, respectively, and
Integrative Genomics Viewer (IGV) software was used to visualize the read alignment
and presence of variants. Additionally, the Leiden Open Variant Database (LOVD),
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ClinVar and Alamut software were used whenever additional variant interpretation was

needed.

Statistical analysis

Using IBM SPSS Statistics 24, the chi-square test and one-way ANOVA test were
performed as appropriate to compare patient and tumour characteristics of MMR-
proficient cases with sporadic MMR-deficient cases and Lynch syndrome-associated
cases. A p-value <0.05 was considered to be statistically significant. Cases with

subclonal loss of one of the MMR proteins were excluded from these analyses.

RESULTS

Immunohistochemistry

The prevalence of MMR deficiency, as determined by immunohistochemical staining,
was 22.3% in resected small bowel adenocarcinomas and 4.4% in biopsies (Table 1).
Additionally, seven (2.1%) resected samples showed subclonal loss of at least one
MMR protein. Eight resected adenocarcinomas and seven adenocarcinoma biopsy
samples had to be excluded from further analysis because no (representative) tumour

tissue was present in the available FFPE blocks.

Table 1. Prevalence of mismatch repair (MMR) deficiency and immunohistochemical
staining patterns in resected and biopsied adenocarcinoma samples

Immunohistochemistry results Resections Biopsies
N (%) N (%)

MMR-proficient 243 (73.2) 58 (85.3)
MMR deficiency - complete tumor 74 (22.3) 3(4.4)

- MLH1/PMS2 42 3

- PMS2 only 7 0

- MSH2/MSHé6 19 0

- MSHé only 0
Subclonal MMR deficiency 7 (2.1) 0 (0)

- MLH1/PMS2 4

- MSH6 only 1

- All four deficient
No tumor, excluded from further analysis 8 (2.4) 7 (10.3)
Total 332 68

71



Chapter 4

The most common cause of MMR deficiency was MLHT promoter hypermethylation
(40.5% of MMR-deficient resections and 66.7% of MMR-deficient biopsies, Table 2).
In more than a quarter of MMR-deficient resection samples the MMR deficiency was
related to Lynch syndrome (27%, Table 2 and Supplemental Table 2). The prevalence of
Lynch syndrome within the total resection cohort was therefore at least 20/324 (6.2%).
The true number might in fact be higher, because in six cases an MMR gene variant with
a high allele frequency (>40% of reads) was identified within the tumour, but matched
normal tissue was not available to confirm or refute germline origin of the variant.

A comparison of patient and tumour characteristics of MMR-proficient, (apparently)
sporadic MMR-deficient and Lynch syndrome-associated cases included only the
resected adenocarcinoma cases, as they represent the largest subcohort and have a
documented primary tumour location within the small bowel. The six cases carrying
a high allele frequency variant but without available matched normal tissue were
excluded due to uncertainty regarding their status as Lynch syndrome or sporadic
MMR-deficient cases. Cases with an unexplained MMR deficiency and those with

subclonal MMR deficiencies were also excluded from this analysis.

Table 2. Causes of mismatch repair (MMR) deficiency

MMR-deficient tumors Subclonal
loss
Resections Biopsies Resections
N (%) N (%) N (%)
MLH1T promoter hypermethylation 30 (40.5) 2 (66.7) 3(42.9)
Two somatic hits 10 (13.5) 0 1(14.3)
Lynch syndrome 20 (27.0) 0 0
- MLH1 variant 6
- MSH2 variant 7
- PMS2 variant 2
- MSHé6 variant 5
MMR variants identified in tumor, 6(8.1) 0 0
normal tissue not available, but high
variant allele frequency
MMR deficiency molecularly unex- 8(10.8) 1(33.3) 3(42.9)
plained (no or only one somatic hit
identified)
Total 74 3 7
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Mean age at cancer diagnosis was significantly lower in the Lynch syndrome patients
(Table 3), and a previous history of a Lynch syndrome-associated cancer was significantly
elevated in Lynch syndrome patients. Interestingly, coeliac disease (diagnosed based
on pathology reports of small bowel biopsies unconnected to the small bowel cancer
diagnosis) was significantly more common in sporadic MMR-deficient cases. No other
significant associations were identified (e.g. location, gender, other cancer history,?

Crohn's disease).

DISCUSSION

In a large group of resected primary small bowel adenocarcinomas, we found
complete MMR deficiency in 22.3% and subclonal deficiency in 2.1% of cases, while
biopsied small bowel adenocarcinomas showed a lower prevalence of MMR deficiency
(4.4%). To the best of our knowledge, this is the first study to systematically screen a
large, consecutive group of small bowel adenocarcinomas for the prevalence of MMR
deficiency. Previous studies were either smaller and/or used selected cases with a
higher a priori chance of being related to Lynch syndrome. Furthermore, many of these
studies did not include molecular analysis to verify whether MMR deficiency was Lynch
syndrome-related or sporadic.2%%

A recently published French study by Aparicio et al? reported a Lynch syndrome
prevalence of 6.9% in a large cohort of small bowel adenocarcinomas, in line with
a prevalence of at least 6.2% in our cohort. MMR deficiency prevalence could not
be compared because this French cohort was not systematically screened for MMR

deficiency.

Of particular note, the prevalence of MMR deficiency in our study differed considerably
between the resected and biopsied specimens. A higher prevalence of MMR
deficiency in resected versus biopsied samples might be related to the association of
MMR deficiency with a better prognosis in other cancers,? so resections may represent
cancer patients with a relatively good prognosis, whereas biopsies may represent
patients with a poor prognosis who are less likely to undergo resection. Interestingly,
the prevalence of MMR deficiency identified in biopsied samples, 4.4%, is close to the
5.0% prevalence identified in a metastatic colorectal cancer cohort.? However, as no
further clinical data were available to verify that a biopsied sample was a confirmed
primary small bowel cancer, our cohort may also have included cancers with a different

primary location (where MMR deficiency prevalence is lower). Further validation of
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the prevalence of MMR deficiency in a cohort of small bowel cancers that were not
resected is therefore required.

The relevance of subclonal loss of MMR protein expression is still poorly understood.
While it seems unlikely that these patients have Lynch syndrome, the relevance of

subclonal loss for prognosis and/or therapy will require further investigation.'®?

A significant overrepresentation of patients with coeliac disease was noted amongst
cases with sporadic MMR deficiency. An association of coeliac disease with sporadic
MMR deficiency (particularly with MLH1 promoter hypermethylation) has been
described previously,?®? and two out of three MMR-deficient cases from our cohort
also showed MLHT promoter hypermethylation. A limitation of our study was the lack
of accompanying clinical data, which meant that we had no information on treatment/
diet and could not verify whether the pathological signs of coeliac disease correlated
with patient symptoms. These results should therefore be interpreted with caution,
because there are other conditions that mimic the histological signs of coeliac disease.*
Another drawback of anonymous data is that it precludes verification of the number of
Lynch syndrome cases, knowledge that might otherwise be used to establish how many
patients are missed using current practices. Nevertheless, from pathology reports we
could deduce that thirteen out of twenty Lynch patients were likely already identified,
either because MSI and/or immunohistochemical testing was described (in the small
bowel tumour or a previous tumour) or a previous diagnosis of Lynch syndrome was

mentioned (Supplemental Table 3).

There is an ongoing discussion whether a two-antibody panel forimmunohistochemical
staining of the MMR proteins has sufficient sensitivity to detect MMR deficient cases.
Although a small number of MMR deficient cases may be missed with a two-antibody
panel, it is not expected that the results of a four-antibody approach would alter our

conclusions.

A molecular cause of MMR deficiency could not always be identified (n=12). This is
likely partly explained by the fact that we did not perform multiplex ligation-dependent
probe amplification (MPLA) analysis to screen samples for deletions and/or insertions
(germline or somatic) of the MMR genes or EPCAM (Table 2 and Supplemental Table
2). Nonetheless, NGS data was manually checked using the Integrative Genomics
Viewer (IGV) for evidence suggesting a deletion, which led to the identification of
deletions in three samples (Supplemental Table 2, e.g. study ID 33). Although this

approach lowers the risk of missing copy number variants, not all deletions/insertions
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will be identified. As EPCAM was not sequenced, deletions of this gene will have been
missed by definition. However, as only 1-3% of all Lynch syndrome families carry an
EPCAM deletion and deletions/insertions of the MMR genes explain a minority of
Lynch syndrome families,*3' MLPA analysis is unlikely to have altered our conclusions
and recommendations. Another possible explanation for the failure of NGS results
to resolve all MMR deficiency cases is that some cases lacked the informative single
nucleotide polymorphisms (SNPs) required to determine whether loss of heterozygosity

has occurred.

The analysis of PMS2 is complicated by the presence of pseudogenes. Nevertheless,
researchers from our group have shown that it is possible to reliably detect variants
in PMS2, even when using DNA isolated from FFPE material, as long as the correct
amplicons are selected.® Exceptions include variants in exon 12-15 due to gene
conversion. The two germline variants identified in our cohort are found in exons 1-11.
In our cohort, the prevalence of MMR deficiency in resected cases (22.3%) was
higher than the reported prevalence of MMR deficiency in colorectal cancer (15%).%
This finding has implications for daily clinical practice in relation to three important
issues: prognosis, treatment and surveillance. In (early-stage) colorectal cancer, MMR
deficiency has been linked to a better prognosis,®33 an association that may also
hold true for MMR-deficient small bowel cancers. Indeed, the aforementioned study
by Aparicio et al. reported a trend towards better prognosis for Lynch-associated
small bowel adenocarcinomas versus those related to Crohn'’s disease.?* Furthermore,
with the advent of immunoblockade therapy and its proven efficacy in MMR-deficient
cancers,® MMR status is relevant when formulating treatment strategies regardless of
germline or sporadic status. Finally, due to the high prevalence of Lynch syndrome,
small bowel cancer as an entity may facilitate the identification of new Lynch syndrome

families and consequently allow surveillance measures to be offered.

In light of the high prevalence of MMR deficiency and Lynch syndrome, together with
associated relevance and benefits, we recommend the implementation of universal
screening of all primary small bowel adenocarcinomas for the presence of MMR
deficiency. An age limit of 70 years is often used in the universal screening of colorectal
cancers for mismatch repair deficiency. However, as the Lynch syndrome-associated
cases included in our study showed a very broad age range (35-77 years, table 3) at
diagnosis, we suggest that age limits on universal screening for small bowel cancer

may be detrimental.
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SUPPLEMENTAL METHODS +
SUPPLEMENTAL TABLE 1 -3

Immunohistochemical staining

4um FFPE sections were deparaffinized with xylene and rehydrated in ethanol. A 0.3%
H202-solution was used to block endogenous peroxidase, and microwave-mediated
antigen retrieval was performed in Tris-EDTA, pH 9.0. Sections were incubated overnight
with primary antibodies against MLH1 (clone ESO5, 1:50; Agilent, USA), MSH2 (clone
FE11, 1:200, Agilent, USA), MSHé6 (clone EPR3945, 1:200, Genetex, USA) or PMS2
(clone EP51, 1:40, Agilent, USA) at 4°C. After washing, they were then incubated for 30
minutes with poly-HRP (VWRKDPVM110HRP, Immunologic), visualised using a DAB+
substrate chromogen system (K3468; Agilent) and counterstained with haematoxylin.

Finally, the sections were dehydrated and mounted with coverslips.

Targeted Next Generation Sequencing (NGS)

Sequencing was performed using the lon Torrent platform according to the
manufacturer's recommendations. In brief, 21 ng/14 pl isolated DNA was used to
prepare two primer pools. After the first PCR, the pools were combined and a new
PCR run was performed to digest the primers. A third PCR was then performed to add
barcodes to the samples. After purification using AMPureXP beads (A63882; Beckman
Coulter), the NGS libraries were pooled, diluted to 60 pmol/L and loaded on a chip
using the lon Chef. Sequencing was subsequently performed in an lon GeneStudio S5

Series sequencer.
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Supplemental table 1 — msCRC panel genes and coverage

Name Chromosome  Exons  Coverage (%)
APC 5 16 100
BMPRTA 10 11 94.3
BRCA1 17 23 100
BRCA2 13 26 100
ENG 9 15 100
MLH1 3 21 100
MSH2 2 17 100
MSH3 5 24 99.8
MSHé6 2 12 100
MUTYH 1 16 100
NTHL1 16 6 100
PALB2 16 42 100
PMS2 7 15 96.8
POLD1 19 26 100
POLE 12 40 100
PTEN 10 10 98.9
RNF43 17 9 99.9
SMAD4 18 " 98.5
STK11 19 9 100
TP53 17 12 100
KRAS 12 2,34 Hotspots
HRAS 11 2,3 Hotspots
NRAS 1 2,34 Hotspots
BRAF 7 11,15 Hotspots
CTNNB1 3 8 Hotspots
MYC 8 CNV Hotspots

82



Prevalence of mismatch repair deficiency and Lynch syndrome in a cohort of unselected small bowel
adenocarcinomas

83



Chapter 4

ON 6861:62€°0 [9PEYLEDT'6£1000 NN
ON OHSN  ++/+ - du +  uondssay 86

S8A 6861:€87°0 xJueleA Jlysauwely
pauuopiad 10N sok 1<D9/92:€'6v2000 AN LHTA du + - - uonoesay 6

uonsep-3  9HSIN
ON SdNS G861:891°0 dnpozg L ELS L€ 672000 AN + - du pajle4  uonosssy S8
- aAIBWIOUI ON| o 1HO!Su| Aq o1usBoyied LHIN

A 80EL:6L7°0 Se PaIJISSe|D JUBLIBA SSUSSSI|A|
P810918p SIUBLIEA JUBAS|S ON| ++/+ - du +  uondesay Wi
cldenene sdNS 8vy:8v°0 D<VZLLE6rZ000 AN - LHIA + + + - UonO8ssy 87

10U 8NSSI} [BWION  SAIBWIOJUI ON ' ’ :

Aujenb quspiynsul jo e1ep SON du + + - uonoesay [

oN | uoxa uonsjeQg
ON CHSN  ++/+ - du + uonossey €€

ON G¢L:087°0 L1<DLLL15°T'152000 N
pe10818p sluelieA Jueas|al ON du + - - Asdoig 8l

4VA PUB dNS
SaA | uo paseq S1L/:6/1°0 Luelen asuasuoN  ZHSIA - ++/+ du + uonoasay ¢
8|qeqold
abeianod Luewe sus

anssiy HO1 C 4VA HeA 5 CZHS 9HSN  LHIIN ¢SINd Asdoiq 10 al

snsejdoau-uou ut
pa10819p JueLIEA

anssi} opsejdoau synsal GON

usenred Ansiwaydolsiyounwiw|

uoipaesay Apnig

elep ureluiew pue Aseald 109101d 03 UsAIB I

AwAuoue

adAy 1ueliea suljuueb sy jo uonduosep |eisusb e Ajuo ‘uosiad/Ajiwe) e 01 enbiun aq Aew syuelien auljwiab aouls

's|0Jju0d [eulsiul 0 pasedwod |92 dnsejdosu ul Buluels Yeam = ++/+
's|0JjuoD [eulsiul AIlIsod Yiim s|j9d onsejdosu Ul Buiulels jo sso| = - "‘Bululels 1esjonu [BUIOU = + s} nsal Aisiwaypoisiyounwu| Aousnbauy a|a|je Jueliep = 4yA
‘pawiopad 10U = 4N ‘wsiydiowA|od spnospnN o|6uls = NS AlsoBAzoisiay jo sso = HOT Aousnbaly a|s||e JuBLiEA = {7 [SUOHEIASIGAY
‘paijidads asiMIaL10 ssa|un (G ssed) dlusBoyied Jo (1 ssejo) olusboyred Aoyl Jayiie aie sjueliep
(uonejAyswiadAy ssjowoid | HN Yum sesed Buipn|oxs) sased Juaidisp-YAIA JO 3Nsai (SON) Bupusnbag uonelsuso) 1xaN — g 9|qel Ateyuswaiddng

84



adenocarcinomas

Prevalence of mismatch repair deficiency and Lynch syndrome in a cohort of unselected small bowel

8|qeqoid HOT
SdNS

pauuopiad 10N sAnEWLIOJUI O ¢S€:G81°0 [9P8ZLED:ZT'6/1000 NN 9HSIN - - du +  UOND8SdY €ee
pa10919p S1UBLIBA JUBAD|SI ON| - - du +  uonossay Gze
a|qedijdde
SoA SOA 1oN Luonsjsp uoxy  ZHSI - ++/+ du +  uonossay 9le
GLEL6ED 1<D7881:5°G65000 N
slqeiene SdNS du + + - uonoess
10U @NSSI} [BWION  SAIIRULIOUI ON _ ¢S : d 6ve
€ECL6G1°0 1<5/8¢¢>:5'GES000 NN
ON G66L:ELED  (SNAE SSBP) L<DZ/LEDT'6L1000 AN
9HSIN - - du + uomdesey  9gg
S8A 1Z9L:1LS0 xjUelBA Ylysawel
pauuopiad 10N [SZ9S1°0  (SNA € SSBP) L<OYLYL™:Z'LSZ000 WN  ZHSIN du + + _mco_unsw uonoessy 1474
an3sabbns
s|ge|iene Janamoy si o e _ au ) © Uondess
10U BNSsI] |2ULION 4VA ‘SINS 928160 DVEL-YSY2:€'672000 AN LHTA + ¥ o Le
aAIeWIOUI ON|
SdNS I d B _
S8\ aAEWIO ON| 6l61:6¢7°0 wueleA Jlysewiely  [HIIN u + uonoessy 90¢
s _
pawuopiad 10N m>;mELo$c_n_w_7m_ €8C:61C0 5<D/20¢>:¢'15¢000 NN CHSWN - - du +  UONO9saY 9S1
jusied
swopufs youfy 910918p S}UEBLIBA JUBAS|I O a|le - du uolase
e 51 siy1 wodai-yy peiosisp syueleA |31 ON pajie} + ¥ <! el
01 Buipiodoy
ON £961:¥0C°0 dnp/g1L2:77'1520000 AN ZHSI
du + + - uonossay 611
SN sehk  £e61:8617°0 xiuelieA Jlysswely  ZSINd

Aijenb quspinsul jo elep SON - - du +  uonoesay 8Ll

85



Chapter 4

3|gejleAae 10U
9NSsI] |eWIoN

SOA

N

pawuopad 10N

ON

SoA
ON
SoA
ON
SO
SoA

pewiopedioN

SOA

Algissod
SdNS
aAnewIoUl
ON

sak

sak

dNS
| uo paseq

9|geqold

dNs
| uo peseq
Aun
sdNS
SAIIRULIOUI
OoN

SANS
®>_Hmc'tou:\__ OZ

dNS
| uo paseq oN

ON

dNS
| uo paseq oN

SdNS
EIGEVVITVIRGIN|

dNS
aAewIOlUI
| uo paseq

112850

666L-v7/.°0

9191690

clELLYC0

661-7€9°0

0661:6£5°0

0861:6£C°0

G6/1:187°0

089:1¢¥°0

G¢Z1-00S°0

Y16:667°0

0LSL-1¥E0

L661-:0¢S0

19P89LZ GPLZ™:€'6¥2000 NN

9108} SIUBLIBA JUBAS|34 ON|
p9108}9p SIUBLIBA JUBAS|S4 ON|

xIUBLIBA 9SUSSUON

xlUeLeA Jlysawe.

210813 sjuelieA JueAs|al ON

1<9/85227¢°152000 NN

(SNAE
SSB12) D<VC-L6/L2:€ 672000 AN

LuelieA Jiysawely
[9PEESE™DT'6£1000 INN
LueleA Jiysawely
9<DZ081:5'GES000 N
LIUBLIEA BSUBSUON|
LueleA 1jiysawel

[3P0LL 762:€°672000 NN

«LHOISU| Ag d1usboyed
A|@31| se paljisse|d JuBLIBA 9SUSSSIA|

LHIN

9HSIN

LHIN

CHSW

CHSW

LHIIN

LHTA

9HSIN

CSINd

CHSIN

LHTA

CHSIN

dN

du

du

du

++/+

du

du

|euopgng

++/+

du

du

du

du

UOI109say

uoI308s8Y

uol0asay

uoI308s8Y

UOI109say

uoI308s8Y

uol0asay

uonossasy

UOI109say

UOI109say

UOI109say

UOI109Say

uonossay

LSS

9§

08Y

1A%

99%

09%

{31

9y

1444

[YAS

€9¢

423

SEE

86



Prevalence of mismatch repair deficiency and Lynch syndrome in a cohort of unselected small bowel

adenocarcinomas

ON

SaA

SOA

ON
SoA

SOA

s|ge|iene 10U
aNnssi) [BUWION|

paw.oped 10N

8|ge|iene 10u
anssi} [BWION|

ON
SoA

pawlopad 10N

ON

sok

SaA

jluelieA Jo

dVA PUB dNS
auo uo paseq

9|qeqodd

ou

ON

ON

SOA

SdNS
SAIBWIOUI

ON

ON

ON

ON

SdNS
€ Uo paseq

109:86%7°0

LCLL76S0

oW LE6°0

G68:58¢°0

CreCes o

CLLLB8L90

¥661-:¢¢5°0

0861-5€°0

619:9%€°0

66E:1L2°0

LL9L-L6v 0

6vE691°0

06L1-€S7°0

8661:18€°0

G661-8LE°0

[9PZSZ 2672000 NN
Aujenb jusidignsul jo exep SON

xlueLeA Yiysawe.

sIUBLIBA HlYysawiel

1<DPPPL2:2°6/1000 NN
xJueLIBA Jlysawiel

xIUBLIBA SSUSSUON

1<VS0PL2:G'GES000 N
Aujenb jusidiynsul Jo erep SON
Aujenb jusidiynsul jo elep SON

[9P0OYYL 9EYL2:2°6/1000 NN
V<D10912:¢" 152000 AN

V<OL+85¥¢2:¢' 152000 AN

1<D19812:Z'152000 INN

(SNA
€ SSeJd) 1<DZETTX:T'6£1000 NN

LlueLeA Yiysauiel
V<DL+85¥¢2:Z'152000 AN
[9P8EY™:5'SES000 N

LHIN

LHIN

LHIN

9HSW

CHSIN

¢SINd

9HSW

CHSIN

CHSIN

9HSW

¢SINd

¢SINd

du

du

++/+

du

++/+

du

++/+

+

|euojpgng

|euopgng

du

du

du

du

du

+4/+

UOI109SaYy

uoiesay

UOI10953Y

UOI109S3Yy

UOI109SaYy

UOI109S3Yy

uoiasay

UOI109S3Yy

UOI109S3Yy

UOI109SaYy

UOI109S3Yy

uoI109s8Y

uoI09saY

UOI109SaYy

092

8L

v/

€cL

44

0cL

0oL

869

[89

109

965

G6S

89S

859

87



Chapter 4

L EET L sok EEI EMCIETelelY! wna|l 69-09 } ZHSIN gee
passasse
- ou z sok seA  =agiou pjnod wnun(sf 65-05 } ZHSIN 9l¢
- ou L sok EE 91eJoPOW  WNUSPONP 60 W 9HSIN 9cz
- ou - ou ou sjeJopow  winusponp 6£-0€ }LHIN 902
- ou ¥ soh EEIN a1elapowl wnun(sf 69-09 A ZHSIN vzl
- ou - ou sak sjeJopow  winusponp 6/-0/ W ZSINd 6Ll
L sok - ou ou sjeJopow  winusponp 6/-0/ W 9HSIA 86
- ou L soh EEI a1elapowl wna|l 6€-0E w o LHTAN G8
'so'u
- ou L soh EEI EMCIETelelY! |[amoq 60 w ZHSIN ¢
|lews
(]emoq |ews (saeak)
(poiedosse  (pajeldosse Buipnpxs) Aoueubijew yodau podaiyy sisoubelp
youkj-uou)  youAj-uou) sepueublew  pajerdosse KBojoyred ui ui panodas  unowny jo Ja0Ued al
sepueubiew  Aoueubijew paleldosse -youk jo  sisoubelp youhT o se apesb uo1ed207 [omoq  xag  eueny  Apnig
Jayro jo Jayjo jo -youf jo Kio1siH  ISIN 'DHI uadieqy uonenualayig |lews e
JaquinN Kio1siH JaquinN apedep aby

paljoads 8SIMIBYIO 10U = "S'0°U :SUONRIABICQY
siusned swoupuAs Youk Jo sjiersp [ealulp - € a|ge] |eruswsa|ddng

88



Prevalence of mismatch repair deficiency and Lynch syndrome in a cohort of unselected small bowel

adenocarcinomas

sok

sok

sok

ou

ou

ou

ou

ou

sok

ou

ou

sok

sok

sok

sok

ou

sok

sok

ou

sok

ou

ou

sok

sok

ou

ou

ou

sok

ou

sok

sok

ou

sok

slelspow
slelepow
passasse
9q 10U pP|NOd

Slelspou

spelb
ybiy/Aood

alelspouw
Slelspouw

spelb
ybiy/Aood

Slelspouw
Slelspouw

yBiy o3
Slelspouw

wnusponp
's'ou
[emoq
[lews
wnaji

wnusponp

wnunfaf
wnuaponp

wnusponp

wnusponp
wnusponp

wnusponp

wnusponp

65-0S

65-09

6505

65-09

65-0S

69-09

65-0S

67-0v

65-0S

65-0S

6v-0F

LHIN

LHIN

9HSIN

CHSIN

9HSIN

LHIN

CHSIN

LHIN

9HSIN

¢SINd

CHSIN

VL

€cL

(444

0cL

G6S

08¥

17A%

9y

14%%

6L€

€9¢

89





