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ABSTRACT

Introduction: Mismatch repair deficiency (dJMMR) can be found in Lynch syndrome (LS)-associated
colorectal carcinoma and in 15% of sporadic colorectal cancer (CRC). Outcome of MMR-deficiency test-
ing is important for surgical decisions as extended colectomy is recommended in young LS-patients
with CRC. Moreover, the finding of a dMMR tumour has consequences for the choices of adjuvant
chemotherapy as MMR-deficient CRC is resistant to 5-fluorouracil (5-FU) monotherapy. Aims of our
study are to evaluate whether MMR-deficiency testing leads to (1) identification of LS, (2) change in
surgical treatment and (3) adjustment of systemic therapy in patients with dMMR CRC.

Methods: We performed a multicentre, retrospective study, in a community hospital and a University
Medical Centre. We included all CRC-patients between 2012 and 2016 who were tested for microsatel-
lite instability. We collected clinical data such as gender, age, referral to clinical geneticist, surgical pro-
cedure and choice of chemotherapy.

Results: We analysed 225 CRCs. Twenty-four (10.7%) of 225 CRC were MMR-deficient. Of the 24 patients
with dMMR CRC, 18 (75%) were referred to the clinical geneticist and in nine (37%) patients a MMR
mutation was identified. In one (4%) of the 24 patients, a subtotal colectomy was performed. In seven
(35%) out of 20 MMR deficient patients, the chemotherapy regimen was adjusted.

Conclusions: The finding of a dMMR CRC had consequences for decisions on chemotherapy in a rela-
tive high proportion of patients. We recommend testing in all patients with CRC independent of age
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at diagnosis, as proper treatment decisions and genetic counselling are very important.

Introduction

The most common hereditary variant of colorectal cancer
(CRC) worldwide is Lynch syndrome (LS) which accounts for
2-5% of all new CRC cases [1]. In LS patients, the lifetime risk
of developing CRC varies between 25 and 75% depending
on the underlying gene defect [2]. Other LS-associated
tumours are cancer of the endometrium, stomach, hepatobili-
ary tract, ovaries, urinary tract and small bowel [3]. LS is char-
acterized by an early age of onset of CRC and a higher risk
of developing synchronous and metachronous CRC or
LS-associated tumours [1-3].

In LS, a pathogenic germline mutation in one of the DNA
mismatch repair (MMR) genes (MLH1, MSH2, MSH6 or PMS2)
causes genomic instability in the tumour, called microsatellite
instability (MSI), the hallmark of LS [4,5]. MSI analysis is per-
formed by polymerase chain reaction (PCR) with specific
microsatellite markers. Through immunohistochemistry (IHC),
the absence of the MMR proteins can be detected with spe-
cific antibodies [6,7]. Tumours with MSI or MMR protein

expression loss are called MMR-deficient. MSI is also present
in 15% of sporadic CRC due to hypermethylation of the
MLH1 promoter [8,9]. In order to differentiate between LS
and sporadic tumours, a methylation-specific PCR (MSP) is
performed. Patients with MMR deficiency without hyperme-
thylation should be referred to the clinical geneticist for
mutation analysis of the MMR-genes.

Through identification of LS families, family members that
turn out to be mutation carriers are invited to participate in
surveillance programs. Long-term surveillance leads to risk
reduction of developing CRC by removing adenomas, the
detection of CRC at an earlier stage and reduction of mortal-
ity associated with CRC [10]. Until recently, the revised
Bethesda guidelines were used to identify individuals with
CRC that should be tested for MSI [11,12]. Nowadays how-
ever, in many countries MSI analysis or IHC is performed in
all CRC patients under the age of 70 years. Subsequently, the
chance of missing LS in patients with CRC is low and this
also turned out to be cost-effective [13].
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The risk of developing CRC during surveillance with inter-
vals of 1-2 years is 6% in 10 years [14]. The majority of these
tumours (>85%) are at stage | or Il [15]. In LS patients who
developed CRC, the risk of developing metachronous CRC is
reported to be approximately 16% at 10 years follow-up fol-
lowing segmental resection or hemicolectomy, despite close
surveillance [16]. The overall life expectancy gain of subtotal
colectomy compared to hemicolectomy at ages 27, 47 and
67 was respectively 2.3, 1 and 0.3 years [17]. Therefore, the
option of subtotal colectomy should be discussed in young
patients (<60 years) who develop CRC while under surveil-
lance. However, in many cases, the diagnosis of LS is not
known at time of surgery, unless MSI analyses and immuno-
histochemical analysis of the MMR-proteins (IHC) are per-
formed on biopsies taken at endoscopic diagnosis [18,19].

Tumours with MMR deficiency are associated with a better
overall survival [20]. Also many studies showed that patients
with MSI-high (MSI-H) stage Il and Il CRC do not benefit
from adjuvant chemotherapy with 5-fluorouracil (5-FU)
[21-25].

The aim of our study is to evaluate all the above
described consequences of MSl-analysis or IHC in daily clin-
ical practice. Are patients with MMR-deficient tumours
referred to the clinical geneticist and how many LS families
are identified? Does MSI status influence surgical treatment
and does it influence the decision on the type of adjuvant
chemotherapy?

Methods
Study design

We performed a multicentre retrospective observational
study in the Netherlands. Participating hospitals included a
large community hospital, Isala Zwolle, and the Leiden
University Medical Centre (LUMC). We included patients from
April 2012 to January 2016. Our study was approved by the
local research ethics committee. Our primary outcomes are
referral to the clinical geneticist, changes in type of surgery
and changes in the choice of adjuvant chemotherapy.

Patients

We included all patients with a primary CRC who were ana-
lysed for MSI or MMR protein expression loss and were dis-
cussed both preoperatively and postoperatively in a
multidisciplinary team of specialists. MSI analysis or MMR-pro-
tein analysis was performed in all consecutive CRC patients
who fulfilled the Bethesda criteria [12]. Additionally, a small
proportion of patients were tested according to the new
Dutch guideline ‘Hereditary Colorectal Cancer’ published in
January 2016, recommending MSI analysis or immunohisto-
chemical testing in all patients with CRC <70 years. This
guideline was already implemented a few months before
publication in the LUMC what explains a small proportion of
patients <70 years included.

Patients who were already diagnosed with LS were
excluded. Medical reports were retrieved, including the docu-
mentation of the multidisciplinary meeting, surgical report,
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histology report, correspondence of the clinical geneticist
and the treatment of the oncologist. Patients variables (sex,
age) and tumour variables (tumour localization, results of MSI
analysis, IHC staining and hypermethylation) were docu-
mented. The consequences of MSI analysis and IHC were
checked from the reports of the surgeon, clinical geneticist
and oncologist. We analysed the consequences of MMR defi-
ciency on the treatment and referral policy.

Molecular analysis of CRC

Tumour specimen for MSI or IHC analysis could be obtained
preoperatively through colonoscopy biopsies and from the
surgical resection specimen after surgery.

Microsatellite instability analysis

Genomic DNA from the tumour and normal tissue was
extracted on either fresh, frozen or paraffin-embedded
tumour tissue and was sectioned at 4pum. The tumour per-
centage of the tissue has to be above 20% for a sensitive
test. MSI analysis is a fluorescent assay based on PCR to
detect MSI in the tumour cells. Fluorescently labelled pri-
mers were used for co-amplification of seven markers
including five mononucleotides repeat markers for MSI
determination and two pentanucleotide repeat markers to
detect potential sample mix-ups or contamination [26].
Tumour samples with more than two changed markers out
of five were classified as MSI-H, 1 out of 5 as MSI-Low
(MSI-L) and tumours without a changed marker as microsat-
ellite stable (MSS).

Immunohistochemistry

Immunohistochemistry was performed by staining the MMR-
proteins with anti-MLH1, anti-PMS2, anti-MSH2 and anti-
MSH6 antibodies. This is performed on formalin-fixed, paraf-
fin-embedded tissues. The expression of MLH1, PMS2, MSH2
and MSH6 was scored as positive (+), negative with a posi-
tive internal control (0/4), and doubtfully negative [when
both tumour and internal control stain negative (0/0)],
and when the internal control was stronger than the
positive tumour cell, it was scored as +/++ [12].
Immunohistochemistry was only performed in LUMC.

Hypermethylation (MLH1 promoter)

In case of MMR deficient tumours either due to expression
loss of the MLH1 protein by IHC or MSI, differentiation
between LS and sporadic CRC due to methylation of the
MLH1 promoter was performed by using MSP [27].

Data management

All data were entered and managed in the data management
tool of Research Manager. This program provides a protected
environment to ensure the safety of the patients’ data. The
completed data were converted into an Excel document to
analyse the outcomes.
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Table 1. Results of IHC and MSI analysis.

LUMC Isala Total
MMR analysis 17 108 225
MMR analysis on biopsies 58 26 86
Immunohistochemistry staining (IHC) 117 - 117
Loss of MMR protein expression 41 - 41
MLH1 5
MLH1 + PMS2 29
MLH1 4 PMS2 + MSH6 1
MSH2 + MSH6 2
MSH6 4
MLH1 hypermethylation 29 - 29
MSP performed 28
MLH1 hypermethylation 23
MSP not performed 13
MLH1 hypermethylation assumed due to age 6
MSI analysis - 108 108
MSI-High - 12 12
IN TOTAL:
Suspect for MMR mutation (LS) 12 12 24
Results

Over a period of almost 4 years, we performed MSI and/or
IHC analyses in 225 colorectal tumours, 108 MSI analyses in
Isala and 117 IHC stainings in LUMC. Of all 225 CRC patients,
the mean age was 64.5 (£9.9) years, 140 (62%) patients were
male.

Of the 117 IHC that were performed, 41 showed expres-
sion loss in one or more of the MMR proteins. Most patients
showed dual loss of expression of the MLH1 and PMS2 pro-

teins (N=29, 70.7%), followed by MLH1 alone (N=5,
12.19%), MSH6 (N=4, 9.75%) and the combinations of
MSH1+MSH6 (N=2, 4.8%) and MLH1+PMS2+ MSH6

(N=1, 4.1%) (Table 1). Twenty-eight patients got additional
MSP to exclude hypermethylation of the MLHT promoter. In
23 of these 28 patients, the expression loss of the MLH1 pro-
tein was caused by MLH1 promoter hypermethylation. In six
patients with a mean age of 80 years, MSP was not per-
formed because of the assumption that hypermethylation
caused the MLH1 protein loss. Following additional MSP ana-
lysis, a total of 12 patients were suspected for LS. MSI ana-
lysis was performed in 108 patients. Twelve patients (11%)
had MSI-H tumours. In total, 24 patients were suspected for
LS and further analysis was indicated.

Referral to clinical geneticist

A total of 18 patients were referred to the clinical geneticist
for DNA analysis. Of these 18 patients, two patients cancelled
their intake appointment. In six referred patients with MSI,
high tumours hypermethylation of the MLH1 promoter was
found. In 10 patients, genomic DNA analysis was performed
and nine MMR mutations were found (MLHT (N=2); MSH2
(N=1); MSH6 (N=6)) confirming LS in these patients. In the
remaining patient, mosaicism caused the MMR expression
loss (Table 2).

Influence on surgical treatment

Overall, 86 (38%) of the total of 225 analysis that were per-
formed were available pre-operatively. Of 24 patients that

Table 2. Consequences for patients suspect for a MMR mutation (LS): genetic
counselling (GC) and surgical treatment.

Total (n=24)
Genetic counselling (GC)
Not referred for GC 6
Referred for GC 18
Actual visited clinical geneticist 16
Appointment cancelled 2
MMR analysis 16
MSP 6
MLH1 hypermethylation 6
DNA analysis 10
MMR mutation 9
Mosaicism 1
MMR mutation 9
MLH1 2
MSH2 1
MSH6 6
Surgical treatment
Patients <60 years 4
MMR analysis results available before surgery 8
<60 years 2
Change in type of surgery 1
Subtotal colectomy 1

were suspected for LS, molecular analysis was performed
before surgery in eight (33%) (Table 2). Four patients out of
24 were aged under 60 years of which two were analysed
preoperatively. In one of them, surgical treatment changed
because of MMR deficiency. This 42-year-old female patient
underwent a subtotal colectomy instead of a hemicolectomy
due to MMR deficiency and positive family history. Further
analysis showed that she was a carrier of a MSH2-mutation.
The other three patients <60 years also turned out to be
MMR gene carriers.

Influence on chemotherapy

Of the 54 patients with MMR deficient tumors, 20 patients
had an indication for adjuvant chemotherapy according to
the advice of the multidisciplinary meeting based on national
guideline, including 15 patients with a stage Ill tumours and
5 with a stage IV tumours. In seven (35%) patients, the regi-
men choice of chemotherapy type was changed by the test
results. Oxaliplatin was added to 5-FU monotherapy in two
patients (10%). In five (25%) patients with a stage Ill tumour,
5-FU (Capecitabine) monotherapy was refrained because of
MMR deficiency (Table 3).

Discussion

Molecular testing of CRC for MMR-deficiency is important not
only for the identification of LS families but also for the deci-
sion-making on surgical treatment in patients suspected of
LS and decisions on adjuvant chemotherapy in LS-patients
and patients with sporadic MMR-deficient CRC. In the present
study, we evaluated the outcome of MSI and IHC analyses in
225 patients. We found that 24 patients should have been
referred for further analysis. Strictly, these patients were not
all suspected for LS. Patients from lIsala with MSI high
tumours that were not yet tested to rule out hypermethyla-
tion were included in this number. This is explained by the
fact that during the study period, IHC to rule out



Table 3. Consequences for chemotherapy for all MMR-deficient

tumors.
Chemotherapy N
MMR-deficient tumours 54
Stage
| 2
Il 8
1 31
\Y 10
Unknown 3
Indication chemotherapy? 20
Stage
1l 15

\% 5
Change in chemotherapy 7
Refrained from 5-FU monotherapy (all stage Ill tumours) 5
Added oxaliplatin to 5-FU monotherapy 2

®Advised by the multidisciplinary team.

hypermethylation for Isala patients was performed by the
clinical geneticist after referral. Therefore, in Isala, they were
suspected for LS because the tumours were MSI high and
they should have been referred. Currently, IHC analysis is per-
formed in Isala as well. Only 4% of all patients selected for
MSI analyses or MMR testing were found to have LS which is
lower compared with results of a previous study which
reported LS in 9.2% of pre-selected patients, using the
Bethesda criteria [28]. The lack of an adequate referral pro-
cedure may be the explanation that one-third of the patients
did not receive proper genetic counseling. A systematic dis-
cussion of the result of MSI analyses or IHC should be incor-
porated in the multidisciplinary meeting and it should be
decided who will be responsible for referral to a clinical gen-
etic centre. Irons et al. suggested a method where genetic
counselors are responsible for initiating conversations about
counseling which may improve the compliance rates to the
referral. In their study, they had a compliance with referral of
only 35.7%, with the surgeon being responsible to refer the
patient. Other studies showed the compliance with the refer-
ral to the clinical geneticist is higher when they themselves
are responsible for initiating conversations about further
germline testing. Also, further research was suggested to
identify possible barriers to visit the clinical geneticist to
finally improve compliance with the referral [29].

According to the current guidelines extended, colorectal
surgery (subtotal colectomy) is recommended in patients
with evidence for LS and age <60 years. In our study, only
one patient (4%) underwent a subtotal colectomy instead of
hemicolectomy based on a suspicion of LS due to MMR defi-
ciency and a young age (42 years) at diagnosis of CRC. After
surgery, an MSH2 mutation was identified. This low number
is due to the fact that only four of 24 patients were under
age 60 years. Another explanation is that the majority of MSI
analysis and IHC were performed on the resected specimen
(139 of total 225 (61.7%)) instead of the biopsies. In 2011,
Parry et al. investigated the risk of developing metachronous
CRC in MMR gene mutation carriers. Of 382 study subjects,
332 had a partial resection. A total of 74 of the 332 subjects
were diagnosed with metachronous CRC. Cumulative risk of
metachronous CRC was 16% (95% Cl 10-25%) at 10 years,
41% (95% Cl 30-52%) at 20 years and 62% (95% Cl 50-77%)

SCANDINAVIAN JOURNAL OF GASTROENTEROLOGY 635

at 30 years after segmental colectomy. These risk estimates
could help in the decision-making regarding the extent of
primary surgical resection [30]. If biopsies with enough
tumour tissue are available preoperatively, MMR testing on
the biopsies is preferred as the result might influence the
surgical treatment and we recommend to discuss these
results during the preoperative multidisciplinary meeting. For
instance, in young (<60 years of age) patients with MMR pro-
tein expression loss and MSI-H tumours (without MLHT
hypermethylation) with a strongly suspected family history, a
subtotal colectomy should be discussed. Nowadays in some
hospitals in the Netherlands, there is even a possibility to
perform fast track DNA analysis to confirm or rule out LS
before surgery within only a few weeks. Another advantage
of testing on biopsies is that effects of (chemo-) radiation
treatment are avoided in case of rectal cancer.

In the literature, there is an increasing amount of evidence
that adjuvant chemotherapy with 5-FU in patients with a
stage Il or Il CRC with MMR-defective tumours does not
improve the prognosis. A study of 754 CRC patients showed
an improvement of survival in patients who received adjuvant
chemotherapy with 5-FU only in patients with a MMR-compe-
tent tumor. Overall survival of patients with MMR-deficient
tumors did not improve with adjuvant 5-FU monotherapy
[31]. Another meta-analysis of several randomized clinical tri-
als confirmed this finding [32]. Therefore, MSI/IHC analysis
becomes increasingly relevant for the decision making on
adjuvant chemotherapy, especially in patients with stage Il or
Il CRC. In our study, in seven (35%) of the 20 patients who
had an indication for adjuvant chemotherapy, the initial
planned treatment with 5-FU monotherapy was changed due
to MMR deficiency. The current guideline in most countries is
to restrict MSI/IHC-testing to patients with CRC <70 years. As
decisions on chemotherapy are equally important in patient
with CRC >70 years, we recommend to test all CRC patients
independent of the age of diagnosis. Moreover, also in the
metastatic CRC setting MSI/IHC-testing becomes increasingly
relevant since treatment with anti-Programmed Death-1
inhibitor immunotherapy provides durable responses and
disease control in pre-treated patients with mismatch repair
deficiency (AMMR)/MSI-H metastatic CRC [33].

The strength of the study is that we evaluated the out-
come of MSI and IHC-analysis in clinical practice over a rela-
tive long period of time in two large hospitals. One of the
limitations is the relatively small sample size and the small
number of patients with abnormal MSI/IHC. Another limita-
tion is the different techniques of MMR testing between the
two hospitals.

In conclusion, MSI and IHC analysis resulted in the identifi-
cation of a relatively low number of LS patients possible due
to the fact that a considerable number of patients were not
referred for genetic counselling. In only one patient, the anal-
yses had consequences with respect to the type of surgery.
In a substantial number of patients, the results of MSI and
IHC had consequences for the choice of chemotherapy. For
all these reasons, we recommend to perform MSI and/or IHC
in all patients with CRC independent of age, if possible the
analyses should be performed on biopsies.
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