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Summary
STUDY AIM: Alongside an analysis of incidence trends
in colorectal cancer and Lynch syndrome over time, the
study sought to evaluate the implementation and trends
of reflex testing for mismatch repair proteins and key mu-
tations in relevant genes (BRAF, KRAS, NRAS) in col-
orectal cancer in Central Switzerland from 2011 to 2022,
specifically assessing adherence to the Swiss Academy
for Quality in Medicine (SAQM) guidelines, in order to
identify any gaps or inconsistencies in testing practices
that may hinder the diagnosis of Lynch syndrome or mi-
crosatellite instability, highlighting areas requiring improve-
ments for optimal patient care.

METHODS: This retrospective study enrolled 2602 pa-
tients with 2673 histologically confirmed colorectal can-
cers. Data collection from the Central Switzerland Cancer
Registry included demographic, molecular and immuno-
histochemical profiles of all histologically confirmed col-
orectal cancers over the analysed 12-year period. Sta-
tistical analyses were performed using R (v4.3.1) with
the tidyverse package. Normality was assessed with the
Shapiro-Wilk test and non-parametric comparisons were
made using the Wilcoxon rank-sum test. Chi-square and
Fisher’s exact tests were used for categorical variables,
while Poisson and binomial regression models were used
to evaluate temporal trends.

RESULTS: Of 2673 tumours analysed, 76% were tested
for mismatch repair proteins, with testing rates improving
significantly from 58% in 2011 to >99% in 2022. Among
these, 14% showed a mismatch repair protein deficiency,
with 77% being MLH1-related and 23% non-MLH1-relat-
ed, categorising them as Lynch-suspected. 73% (n = 257)
of the MLH1-deficient tumours underwent further mole-
cular testing for BRAF mutations. Among these, 33%
showed no mutation, also categorising them as Lynch-
suspected, while the remaining 67% were categorised as
sporadic. In total, 6% of the tested tumours were cate-
gorised as Lynch-suspected and required further testing

and/or genetic counselling. Statistical estimates suggest
that among the non-tested tumours, 88 cases could po-
tentially harbour a microsatellite instability, including ap-
proximately 5 Lynch-suspected cases. Additionally, in 44
cases, incorrect mismatch repair proteins were tested, po-
tentially leading to missed microsatellite instability. Among
the 59 tumours that did not undergo BRAF testing, approx-
imately 20 may have been Lynch-suspected and missed
due to insufficient testing. Tumour incidence and the pro-
portion of Lynch-suspected tumours among all tumours re-
mained stable over time, without cantonal hotspots.

CONCLUSIONS: Remarkable progress in colorectal can-
cer diagnostics across Central Switzerland could be
demonstrated, leading to a near-complete compliance
with guidelines for mismatch repair proteins and molecular
testing by 2022. This high adherence to guidelines pro-
vides a solid foundation for better personalised surveil-
lance and treatment, ultimately improving the quality of
care for colorectal cancer patients in the region. However,
during the early years of the study some gaps existed,
particularly in testing practices for rectal cancers and in-
complete molecular follow-up, potentially missing some
patients with a microsatellite instability, who could have
benefited from different therapies, and Lynch syndrome
patients, who together with their families could have ben-
efited from tighter surveillance.

Introduction

Lynch syndrome, also known as hereditary non-polyposis
colorectal cancer (HNPCC), is the most common hered-
itary cause of colorectal cancer, responsible for approxi-
mately 3% of all colorectal cancer cases [1, 2]. It is caused
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by inherited autosomal dominant germline mutations in
genes encoding mismatch repair proteins (MRPs), which
are involved in the repair of deoxyribonucleic acid (DNA)
replication errors. Its malfunction results in an accumula-
tion of such errors in areas prone to replication slippage,
particularly in repetitive DNA sequences known as mi-
crosatellites, resulting in variations in their length. This
phenomenon is termed microsatellite instability (MSI) [3].
Rarely, alternative mechanisms can also lead to Lynch syn-
drome, such as the inactivation of MSH2 after the 3’ termi-
nal deletion of the gene or the constitutive hypermethyla-
tion syndrome [4–6].

Microsatellite instability is observed in nearly 15% of col-
orectal carcinomas and nearly all colorectal tumours asso-
ciated with Lynch syndrome [7]. Based on the degree of
instability, microsatellite status can be classified into three
categories: high microsatellite instability (MSI-H), low mi-
crosatellite instability (MSI-L) and microsatellite stabili-
ty. MSI-H tumours typically show significant instability in
more than 30% of tested microsatellite markers, depending
on the test, with the Bethesda panel being the most com-
monly used [8]. MSI-H is strongly associated with defec-
tive mismatch repair proteins and is frequently observed
in Lynch syndrome-associated tumours. MSI-L tumours
exhibit a lesser number of instability events, below the
30% threshold, are less clearly associated with Lynch syn-
drome and their clinical implications are less well-defined
in terms of prognosis and treatment response. Microsatel-
lite-stable tumours display no detectable microsatellite in-
stability, indicating an intact mismatch repair mechanism,
and represent the majority of colorectal cancer cases.

In daily practice, colorectal cancer can be categorised as
either mismatch repair protein-proficient (MRPp) or mis-
match repair protein-deficient (MRPd), using immunohis-
tochemistry as a surrogate marker for microsatellite stabil-
ity or instability. The four main mismatch repair (MMR)
genes associated with Lynch syndrome are MLH1, MSH2,
MSH6 and PMS2. Their protein products (MLH1, MSH2,
MSH6 and PMS2) can be assessed by immunohistochem-
istry. Mismatch repair protein-deficienttumours can be fur-
ther categorised into likely somatic or likely syndromic.
Somatic tumours arise mainly due to silencing of the
MLH1 gene through methylation of its promoter and are
strongly associated with a BRAF mutation. Both BRAF
mutation and MLH1 methylation analyses are routinely
used to confirm the somatic nature of the tumour and rule
out Lynch syndrome. Additionally, microsatellite instabili-
ty can also result as a secondary event due to a DNA poly-
merase ε (POLE) mutation [9]. Occasionally some patients
show a so-called “Lynch-like phenotype”, which is char-
acterised by a mismatch repair protein deficiency without
BRAF mutations or promoter hypermethylation, but with
somatic double hit mutations instead of a germline muta-
tion [10, 11].

Identifying tumours with a microsatellite instability and in-
dividuals with Lynch syndrome is crucial, since the latter
show an earlier age of cancer onset and a higher risk for
malignancy across multiple organs, mainly colon and en-
dometrium. Additionally, Lynch-associated cancers exhib-
it distinct prognostic features compared to sporadic can-
cers [12]. So, these individuals benefit from earlier and

more frequent cancer screening and surveillance protocols
[13–15].

Some microsatellite-instable tumours belong to the recent-
ly introduced hypermutated molecular subtype [16]. The
hypermutated nature of these tumours leads to the forma-
tion of neoantigens, which in turn trigger an immune re-
sponse, a feature exploited by immune checkpoint thera-
pies such as pembrolizumab and nivolumab, as they can
stimulate the immune system to target cancer cells [17, 18].
Lately, impressive results have been achieved in the treat-
ment of locally advanced rectal cancer [19]; therefore it
is now increasingly essential to assess for microsatellite
instability, as this can guide an appropriate individualised
treatment plan for each patient.

Given the clinical implications of microsatellite instability
and Lynch syndrome, the Swiss Academy for Quality in
Medicine (SAQM) introduced guidelines in 2011 to im-
prove the detection of mismatch repair protein-deficient
tumours and Lynch syndrome in newly diagnosed col-
orectal cancer [20]. Initially, microsatellite instability test-
ing was recommended only for patients meeting the Re-
vised Bethesda criteria, which included at least one of
the following: colorectal cancer before age 50; multiple
hereditary non-polyposis colorectal cancer-related cancers;
colorectal cancer with microsatellite instability-associated
histology before age 60; colorectal cancer / hereditary non-
polyposis colorectal cancer in a first-degree relative before
age 50; colorectal cancer / hereditary non-polyposis col-
orectal cancer in at least two first- or second-degree rel-
atives at any age [21]. Testing could be performed either
by immunohistochemistry for MLH1, PMS2, MSH2 and
MSH6 or by PCR-based microsatellite instability analysis
using the Bethesda panel (BAT-25, BAT-26, D2S123,
D5S346, D17S250). However, adherence to these criteria
was inconsistent, leading to potential underdiagnosis.

To address these limitations, the SAQM updated its guide-
lines in 2019, implementing universal reflex testing for
all newly diagnosed colorectal cancer cases, regardless of
clinical criteria [22]. The revised protocol maintained both
immunohistochemistry and PCR-based microsatellite in-
stability analysis as standard testing methods.

The Lucerne Cantonal Hospital (LUKS) takes care of a
population of around 700,000 [23]. In arithmetical terms,
the LUKS therefore manages about 2300 people with
Lynch syndrome.

At the Institute of Pathology LUKS, colorectal carcinomas
are tested for microsatellite instability according to a stan-
dardised algorithm. Immunohistochemistry for mismatch
repair protein (MLH1, MSH2, MSH6 and PMS2) is pri-
marily performed on the biopsy specimen. If insufficient
or inconclusive, the resection specimen is used. Tumours
with retained expression of all mismatch repair protein are
classified as MRPp, indicative of microsatellite stability.
MRPp carcinomas requiring chemotherapy may be further
tested for BRAF, KRAS and NRAS mutations upon clini-
cal request. In contrast, tumours with loss of expression of
any mismatch repair protein are classified as MRPd, sug-
gestive of microsatellite instability. Cases with MLH1-loss
are reflex-tested mainly for BRAF mutation and/or MLH1
methylation. If a BRAF mutation or MLH1 promoter hy-
permethylation is identified, a sporadic microsatellite-in-
stable tumour is diagnosed, since these are both strong pre-
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dictors of sporadic origin [24]. If neither a BRAF mutation
nor MLH1 promoter hypermethylation is detected, the pa-
tient is referred for genetic counselling to rule out Lynch
syndrome. Younger patients, typically under 50 years old,
are recommended for genetic counselling regardless of
BRAF status [25].

Germline mutation analysis is conducted by geneticists at
external institutions, such as the University of Basel or the
University of Zurich, or at companies, such as Genetica.
The Lucerne Cantonal Hospital offers limited family coun-
selling in cases of diagnosed Lynch syndrome.

The aim of the present study was to evaluate the imple-
mentation of reflex testing for mismatch repair protein and
mutations in key genes such as BRAF, KRAS and RAS in
colorectal cancer in Central Switzerland. It set out to iden-
tify any gaps or inconsistencies in testing practices, espe-
cially regarding reflex molecular testing for diagnosing or
ruling out Lynch syndrome and trends in the implementa-
tion of such testing over the 12-year period. The study al-
so compared clinical and demographic characteristics be-
tween different cohorts (MRPd vs MRPp, Lynch-suspected
vs sporadic) and identified trends in the incidence of col-
orectal cancer and Lynch syndrome over the years. We ex-
pected that the study findings would help to identify any
gaps or inconsistencies in testing practices that may hinder
the diagnosis of Lynch syndrome or microsatellite instabil-
ity, highlighting areas requiring improvements for optimal
patient care.

Methods

Study setting and design

In total, 2602 patients with 2673 histologically confirmed
colorectal carcinomas were enrolled in this retrospective
study. A new database was created representing the first
comprehensive repository of patients with colorectal carci-
nomas in Central Switzerland, encompassing not only de-
mographic data but also the molecular and immunohisto-
chemical profiles of the tumours.

Most cases were diagnosed at the Lucerne Cantonal Hos-
pital, for which full access to histological and molecular
pathological examination reports were available through
the “Pathowin” archive. Pathowin serves as the primary
data repository for all histopathological and molecular
analyses conducted within the Lucerne Cantonal Hospital
Group catchment area. For patients residing in Central
Switzerland but treated outside their home canton, data
availability relied on mandatory reporting of cancer cases
by external clinicians to the Cancer Registry of Central
Switzerland.

Inclusion criteria and data collection

The inclusion criteria consisted of individuals residing in
Central Switzerland at the time of diagnosis – encompass-
ing the cantons of Lucerne, Obwalden, Nidwalden and
Uri – with histologically confirmed adenocarcinomas of
the colon, all under ICD-O codes C18.0, C18.2, C18.3,
C18.4, C18.5, C18.6, C18.7, C18.8, C18.9, C19.9, C20.9,
C21.1 and C21.8 ranging from the caecal pole to the rec-
toanal junction, as defined by ICD-10 versions 3.1 and 3.2.
Metachronous and synchronous carcinomas were includ-

ed. Only invasive adenocarcinomas stage pT1 or higher ac-
cording to the definition of the UICC TNM classification
were considered. Tumours of the left flexure, descending
colon, sigmoid and rectosigmoid carcinomas were classi-
fied as left-sided; those of the caecum, ascending colon,
right flexure and transverse colon as right-sided; those of
the rectum were considered a separate category. Missing or
ambiguous data in any category was classified as unknown
and excluded from the pertinent calculations.

Data retrieval was conducted both manually and through
automated integration from the cancer registry. Manual da-
ta extraction from Pathowin provided information on the
expression status of the mismatch repair proteins MLH1,
PMS2, MSH2 and MSH6 (expressed, not expressed, not
tested, unknown); the mutation status of the genes KRAS,
BRAF, NRAS (mutated, not mutated, not tested, unknown);
the methylation status of the MLH1 promotor (methylated,
not methylated, not tested, unknown); microsatellite insta-
bility PCR results (microsatellite stability, MSI-low, MSI-
high, not tested, unknown) and type of resected specimen
(biopsy, resection specimen). Additionally, data from the
cancer registry was automatically pooled including tumour
identification number, number of tumours per patient, sex
(male, female), incidence age, canton of residence at the
time of incidence (Lucerne, Uri, Obwalden, Nidwalden),
year of occurrence, ICD-10 and ICD-O location code,
ICD-O morphology codes and tumour grade (G1, G2, G3,
unknown).

Each registry entry underwent meticulous verification
against the original pathological reports to ensure data ac-
curacy. Cases diagnosed within the Lucerne Cantonal Hos-
pital Group allowed for direct cross-validation using
Pathowin, ensuring data completeness. However, for exter-
nally diagnosed cases, the analysis was restricted to infor-
mation available from the cancer registry. If histological
reports with mismatch repair protein status or molecular
reports on mutation status were incomplete or not transmit-
ted by external institutions, these data were not accessible.
This limitation primarily affected manually retrieved vari-
ables, whereas automated data from the cancer registry re-
mained complete.

To address missing data, we systematically reviewed all
available sources, including pathological reports, molec-
ular testing reports, tumour board summaries and onco-
logical records. If data remained unavailable despite these
efforts, the respective data fields were classified as “un-
known” and excluded from the affected analyses.

The Cancer Registry of Central Switzerland, which provid-
ed part of the data, has systematically documented patient
data of colorectal cancer since 2010, with validated data
extending only until mid-2023 at the time of writing. So,
the study analysed the data of all 12 years available – from
2011 to 2022 – in full.

Laboratory methods

At the Lucerne Cantonal Hospital, immunohistochemistry
was performed on FFPE samples on a Bond III machine
(Leica) following internally established and validated pro-
tocols. The following antibodies were used: MLH1 (NCL-
L-MLH1, Novocastra), PMS2 (BSB-BSB 2124, BioSB),
MSH6 (AC-0047EU, Epitomics) and MSH2 (286M-16,
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Cell Marque). The absence of nuclear staining in the pres-
ence of internal controls, as well as abnormal staining pat-
terns like dotted patterns or cytoplasmic staining, were in-
terpreted as negative. Mutational analysis for BRAF, KRAS
and NRAS was performed using mainly Sanger sequencing
(home-made assay) and recently with the Oncomine Pre-
cision Assay v3 GX (Thermo Fisher Scientific). The mi-
crosatellite instability was analysed with a multiplex PCR
assay targeting the Bethesda markers [26]. MLH1 promoter
methylation was assessed with Pyromark Gold Q24
Reagents 5x24 (971802, Quiagen).

Statistical analysis

All statistical analyses were conducted using R (v4.3.1),
using the tidyverse framework, including dplyr (v1.1.4) for
data wrangling and ggplot2 (v3.5.1) for data visualisation.
Normality of data was assessed using the Shapiro-Wilk test
and a non-parametric test, the Wilcoxon rank-sum test with
continuity correction, was employed for non-normally dis-
tributed data. A chi-square test was used to compare the
distribution of categorical variables between two cohorts,
with Fisher’s exact test employed for smaller sample sizes.
Poisson and binomial regression models were used to eval-
uate temporal trends in tumour incidence, Lynch tumour
frequency and tumour testing proportions. Models estimat-
ed yearly changes with 95% confidence intervals; binomi-
al confidence intervals for observed data were calculated
using the Wilson method. Data on the permanent resident
population by canton per year, as published by the Federal
Statistical Office (Bundesamt für Statistik), was used. [27]

Statistical significance was defined as p <0.05. Where not
specified, results can be assumed to have reached a signif-
icance level of p <0.01.

Ethics approval

The study was approved by the Ethics Committee North-
western and Central Switzerland (EKNZ).

Results

General patient and tumour characteristics

Cohort characteristics are summarised in table 1. During
the analysed period from 2011 to 2022, a total of 2673
tumours were identified in 2602 patients (1533 men and
1069 women). The median age of incidence was 71 (range:
24 to 101). There was no significant difference in tumour
incidence between the sexes. No statistically significant
difference in incidence was found between cantons.

General testing behaviour and outcomes of mismatch
repair protein testing and mutation analysis

Testing behaviour is outlined in figure 1. Among the 2651
tumours with available data, 76% (n = 2017) were tested
for at least one mismatch repair protein, leaving 24% (n
= 634) that were not tested for mismatch repair proteins.
There was no significant difference in patient age between
the tested and non-tested tumours.

14% of the tested tumours showed a mismatch repair pro-
tein deficiency (MRPd) on immunohistochemistry. Among
these, 77% showed loss of MLH1, with concurrent PMS2
loss assumed in cases where only MLH1 was tested, while
23% of cases showed a non-MLH1-related deficiency (fig-
ure 1).

Regarding molecular testing, of the 2585 tumours with
available data, 34% underwent molecular testing (figure
1): 785 tumours underwent BRAF testing, with 22% show-
ing mutations; 734 tumours underwent KRAS testing, with
51% showing mutations; and 646 tumours underwent
NRAS testing, with 3% showing mutations. Interestingly,
five MRPp tumours showed concurrent mutations: two had
both BRAF and KRAS mutations, one had BRAF and NRAS
mutations and two had mutations in BRAF, KRAS and
NRAS.

Table 1:
Cohort characteristics. All values represent the number of cases (n); unless otherwise specified, percentages in brackets (%) are based on the total number of available cases
per category. Missing data is indicated at the bottom of the table.

Descriptive data Category n (% of total)

Median (range) 71 (24–101)Patient age of incidence

<50 years 188 (7%)

Male 1533 (59%)Patient sex

Female 1069 (41%)

Lucerne 2035 (78%)

Nidwalden 212 (8%)

Obwalden 175 (7%)

Patient canton of residence

Uri 180 (7%)

Single tumour 2537 (98%)

Patients (n = 2602)

Patient tumour count

Multiple tumours 65 (2%)

Right colon 923 (35%)

Left colon 981 (37%)

Tumour location*

Rectum 743 (28%)

Grade 1 (WHO low-grade) 133 (5%)

Grade 2 (WHO low-grade) 1672 (65%)

Tumour count (n = 2673)

Tumour grading**

Grade 3 (WHO high-grade) 749 (29%)

* 26 values missing, leaving 2647 values

** 119 values missing, leaving 2554 values
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Testing behaviour among the MRPd cohort

Among the 281 MRPd tumours, data was unavailable for 4
cases and excluded from the calculations. Of the remaining
277 tumours, 66% underwent molecular testing. All but
one underwent BRAF testing, with 64% showing a BRAF
mutation; among the latter group, 95% had a p.V600E
mutation in exon 15, while the remaining mutations were
p.D594G and p.K601E, also in exon 15, or remained un-
known. Additional KRAS testing was carried out for 54
tumours, independently of BRAF status, with 19% show-
ing an isolated KRAS mutation. Finally, 52 tumours un-
derwent NRAS testing, independently of BRAF status, with
4% showing an isolated NRAS mutation. No concurrent
mutations were observed for any of the three analysed
genes.

Of the 216 tumours with lost MLH1 expression, only 73%
were further tested for BRAF. One third of them (n = 52
or 33%) showed no mutation, categorising them as Lynch-
suspected, while the remaining two thirds (n = 105 or 67%)
showed a BRAF mutation, categorising them as sporadic
(figure 1).

The remaining 65 cases showed a non-MLH1-related MR-
Pd and were classified as Lynch-suspected (figure 1).

In total, 6% (n = 117) of the 2017 tested tumours were con-
sidered Lynch-suspected and required further testing and/
or genetic counselling.

Trends over time in tumour incidence, testing rates
and Lynch-suspected tumours

Temporal trends in tumour incidence, testing rates and the
proportion of Lynch-suspected tumours were assessed over
the study period (2011–2022) (figure 2).

Tumour incidence remained stable over the study period.
In the Poisson regression model adjusted for population
size, no significant association between year and incidence
was observed (β = −0.001, SE = 0.006, p = 0.886), corre-
sponding to an incidence rate ratio of 0.999 per calendar

year. A likelihood ratio test comparing a full model includ-
ing canton to a reduced model excluding canton showed no
improvement in model fit (χ²(3) = 0.740, p = 0.860), indi-
cating no substantial regional variation in incidence rates
(figures 2B, 2C).

The proportion of Lynch-suspected tumours among all tu-
mours remained stable over time. The binomial regression
model yielded a year coefficient of β = 0.005 (SE = 0.027,
p = 0.862), corresponding to an odds ratio of 1.005 (95%
CI: 0.953–1.060) per calendar year. While the proportion
in 2018 exceeded the model-predicted range (9%), this de-
viation was considered likely due to random variation (fig-
ure 2D).

In contrast, the proportion of tumours tested showed a sig-
nificant upward trend. The binomial regression model es-
timated a year coefficient of β = 0.211 (SE = 0.015, p
<0.001), corresponding to an odds ratio of 1.235 (95% CI:
1.200–1.271) per calendar year. This reflects a substantial
annual increase of approximately 24% in the odds of tu-
mour testing throughout the study period (figure 2A).

Comparison between the MRPd and MRPp cohorts

Significant differences were found between MRPd and
MRPp tumours across several factors, as shown in table
2. The median age of diagnosis was higher for MRPd tu-
mours (76 years) compared to MRPp tumours (70 years).
MRPd tumours were more likely to be high-grade (grade
3), were more common in females and were predominantly
located in the right colon.

Comparison between the Lynch-suspected cohort and
the sporadic cohort

The Lynch-suspected and sporadic cohorts differed in
terms of median age (67 vs 78 years, respectively) and
minimum age (27 vs 54 years, respectively). Notably, all
18 cases with an incidence age younger than 50 years were

Figure 1: Testing behaviour and outcomes.This flowchart provides an overview of the key results of testing behaviour for mismatch repair pro-
tein (MRP) status and mutation analysis of all diagnosed colorectal cancers from 2011 to 2022 in Central Switzerland, along with the main
testing outcomes. n represents the number of tumours and the percentage (%) indicates the proportion within the specific parent category.
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exclusively observed in the Lynch-suspected cohort (table
2).

Although right-sided tumours predominated in both co-
horts, all 9 rectal carcinomas were found exclusively in the
Lynch-suspected cohort.

A statistically significant difference in sex distribution was
observed (p = 0.017), with a higher proportion of females

in the sporadic cohort compared to the Lynch-suspected
cohort.

No significant differences were detected in grading or re-
garding the distribution of cases across cantons, suggesting
a lack of geographical clustering or territorial hotspots.

Figure 2: Time trend analysis (2011–2022). A: Proportion of tumours tested for mismatch repair proteins over time, increasing from 0.57 in
2011 to 0.99 in 2022. B: Tumour incidence per 100,000 over time. C: Tumour incidence per 100,000 by canton over time. D: Proportion of
Lynch-suspected tumours (%) over time. CI: confidence interval; LU: Lucerne; NW: Nidwalden; OW: Obwalden; UR: Uri.

Table 2:
Comparison between the MRPd and MRPp cohorts and between Lynch-suspected and sporadic cohorts. All values represent the number of cases (n); unless otherwise speci-
fied, the percentages in brackets (%) are based on the total number of available cases per category. Missing data is indicated at the bottom of the table.

MRPd vs MRPp tumours Lynch-suspected vs sporadic tumoursDescriptive data

MRPp tumours MRPd tumours Lynch-suspected tu-
mours

Sporadic tumours

Tumour count* 1736 281 117 105

Median (range) 70 (24–101) 76 (27–94) 67 (27–92) 78 (54–94)Age of incidence

<50 years** 169 (10%) 19 (7%) 18 (15%) 0 (0%)

Male 1069 (62%) 105 (37%) 55 (47%) 32 (30%)Sex

Female 667 (38%) 176 (63%) 62 (53%) 73 (70%)

Lucerne 1322 (76%) 240 (85%) 101 (86%) 93 (89%)

Nidwalden 146 (8.4%) 19 (7%) 8 (7%) 5 (5%)

Obwalden 134 (7.7%) 9 (3%) 5 (4%) 3 (3%)

Canton of residence

Uri 134 (7.7%) 13 (5%) 3 (3%) 4 (4%)

Right colon 566 (33%) 236 (84%) 92 (79%) 94 (90%)

Left colon 711 (41%) 34 (12%) 16 (14%) 11 (10%)

Tumour location***

Rectum 448 (26%) 10 (4%) 9 (8%) 0 (0%)

Grade 1 (WHO low-grade) 98 (6%) 9 (3%) 2 (2%) 4 (4%)

Grade 2 (WHO low-grade) 1125 (67%) 109 (39%) 46 (40%) 42 (40%)

Tumour grading****

Grade 3 (WHO high-grade) 461 (27%) 161 (58%) 68 (58%) 58 (56%)

MRPd: mismatch repair protein-deficient; MRPp: mismatch repair protein-proficient.

* 59 missing values for Lynch-suspected vs sporadic tumours, leaving 222 values.

** 1 missing value for Lynch-suspected vs sporadic tumours, leaving 18 values.

*** 11 missing values for MRPp tumours, leaving 1725 values; 1 missing value for MRPd tumours, leaving 280 values.

**** 52 missing values for MRPp tumours, leaving 1684 values; 2 missing values for MRPd tumours, leaving 279 values; 1 missing value for Lynch-suspected, leaving 116 values;
1 missing value for sporadic tumours, leaving 104 values.
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Discussion

This retrospective study provided a comprehensive
overview of testing behaviours for mismatch repair protein
in all colorectal cancer across Central Switzerland, identi-
fying gaps and non-adherence to published guidelines of
the Swiss Academy for Quality in Medicine (SAQM) in
reflex testing for mismatch repair protein and, when ap-
propriate, molecular testing. By identifying inconsistencies
and highlighting positive trends, we aim to raise aware-
ness among pathologists to improve the identification of
patients with Lynch syndrome and those who qualify for
immune checkpoint inhibitor (ICI) therapy.

In 2011 the SAQM guidelines recommended mismatch
repair protein testing by immunohistochemistry or mi-
crosatellite instability testing by PCR according to the re-
vised Bethesda Guidelines [20, 21]. This resulted in testing
rates of about 60–70% of the tumours, potentially missing
patients with MRPd tumours. Pathologists performing the
analysis often lacked the full clinical information needed to
apply the revised Bethesda criteria, e.g. family history, so
relied on non-established criteria for the decision. For ex-
ample, since rectal tumours are known to show microsatel-
lite instability in fewer than 10% of the cases, these tu-
mours were significantly less likely to undergo testing, in-
dicating that pathologists may be influenced by tumour lo-
cation, whereas patient age did not appear to impact testing
decisions [22]. In the early days, microsatellite status was
performed mainly with the goal of ruling out Lynch syn-
drome, but nowadays the status is crucial for selecting the
appropriate treatment. For example, a recent publication
showed a nearly complete response in locally advanced
rectal carcinomas treated with ICI therapy [28]. In 2019,
the SAQM guidelines were revised, stating that immuno-
histochemistry analysis of the mismatch repair protein with
a 4-antibody panel or assessment of the microsatellite in-
stability status by PCR should be performed for all patients
with a newly diagnosed colorectal cancer [22]. This policy
shift was strongly reflected in our results. Testing rates
went up from 56% in 2011 to over 90% in 2021, achieving
an impressive near-complete coverage of >99% in 2022
(figure 2A). This substantial progress represents a major
achievement in improving colorectal cancer diagnostic
practices and adherence to guidelines across the region.

Despite these improvements, significant gaps remained in
testing practices, particularly during the early years of the
period analysed. Nearly a quarter of the tumours were not
tested for mismatch repair protein. Based on statistical es-
timates, 14% (n ≈ 88) of the tumours are potentially MR-
Pd, which were missed due to insufficient testing. Notably
44% of those tumours were located in the rectum, com-
pared to a rectal tumour distribution of only 28% in the en-
tire cohort. This suggests that n ≈ 5 Lynch-suspected cases
(6%) may have been missed due to selective bias, especial-
ly in the early years of the study period. Age on the other
hand played no role in the decision. In 2017–2018, a 2-an-
tibody approach was taken (PMS2 and MSH6) instead of
the usual 4-antibody panel. In 44 cases, incorrect testing
for MSH2 and MLH1 instead of the recommended PMS2
and MSH6 was performed, impeding the identification of
isolated PMS2 or MSH6 deficiencies, leading to another
2% of cases potentially harbouring microsatellite instabili-
ty. In 12 cases, other mismatch repair protein combinations

were tested, due to already known mutations, technical is-
sues or insufficient tissue. Furthermore, MLH1 promotor
methylation analysis was only performed in 9 of the 52
Lynch-suspected tumours with an MLH1 loss without a
BRAF mutation. Six of them were found to be methylat-
ed, ruling out Lynch syndrome. This in part is to be at-
tributed to the lack of clear established protocols at the in-
stitution. A standardised approach could reduce the risk
of misclassification and ensure consistent identification of
Lynch syndrome cases.

A major point of concern lies in incomplete molecular test-
ing following mismatch repair protein deficiency, especial-
ly in the MLH1-negative cohort. Of the 216 tumours with
lost MLH1 expression, only 157 were further tested for
BRAF, meaning that of the remaining 59, statistically seen,
approximately 20 of these cases may be Lynch-suspected
and could have been missed due to insufficient testing.

On a positive note, a trend towards improvement was ob-
served in BRAF testing practices. While in 2011 only 67%
and in 2013 even 47% of cases underwent BRAF testing,
the rate increased to 82% in 2018, reaching 96% in 2022.
This progressive improvement shows, once again, a posi-
tive improvement in testing practices over time. Addition-
ally, the testing rates in patients under 50 years were high-
er for both mismatch repair protein and molecular testing.
Of the 188 patients <50 years, 87% were tested for mis-
match repair protein and 7 of 8 with a MLH1 loss under-
went BRAF testing. Recently Bläker et al. demonstrated
that patients under the age of 50 could still have Lynch syn-
drome despite a BRAF mutation and recommended genetic
counselling independently of BRAF status [25]. Direct re-
ferral for genetic counselling could potentially save costs
and time on BRAF and methylation analysis for younger
patients.

In addition to testing practices, our analysis also revealed
insights into demographic and clinicopathological charac-
teristics. While the total tumour count showed a 9% in-
crease over the 12-year study period (from 213 cases in
2011 to 232 in 2022), this trend did not translate into a sig-
nificant rise in tumour incidence when adjusted for popula-
tion growth (β = −0.001, SE = 0.006, p = 0.886). Also, no
statistically significant cantonal hotspot in incidence rates
was identified (figure 2C). The proportion of Lynch-sus-
pected tumours among all tumours remained consistent-
ly low and stable over time, indicating effective regional
screening and no apparent increase in Lynch syndrome-as-
sociated tumours in Central Switzerland.

MRPp tumours were more frequent in males, primarily
left-sided, of lower histological grade and affected younger
people. In contrast, MRPd tumours were more frequent in
females, primarily right-sided, of higher histological grade
and found in older patients, aligning with several previous
publications (table 2) [29–31]. In Lynch-suspected cases,
compared to MRPd, both were more common in females,
predominantly right-sided and of higher grade. However,
both groups differed in patient age, with Lynch-suspected
patients being younger. This also aligned as expected with
several previous publications [32, 33].

The mismatch repair protein-deficiency incidence in our
cohort (14%) aligns well with that of similar studies from
other Swiss regions. For example, a study conducted in
Basel reported an incidence rate of 15%, which also aligns
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with broader European data showing an MMR-deficiency
prevalence of approximately 15% in colorectal cancer cas-
es [34]. The global incidence of Lynch syndrome is es-
timated at about 3%, with some geographical and demo-
graphic variations [2, 12]. However, due to limitations
in our dataset, particularly the lack of genetic testing re-
ports, we classified cases as suspicious for Lynch syn-
drome when MLH1 expression was lost without a BRAF
mutation, or when non-MLH1-related mismatch repair
protein deficiencies were present, representing 6% of the
cohort. Naturally, this rate seems elevated, as it still in-
cludes patients without BRAF mutation but with MLH1
promotor methylation and Lynch-like patients, or even
false positives. A comparable Swiss study reported similar
rates (6%), supporting the robustness of our findings with-
in the constraints of available data [34]. While our study
provides valuable insight into reflex testing practices, we
acknowledge that direct comparisons with studies using
different inclusion criteria (e.g. genetically confirmed
Lynch syndrome cases) should be interpreted with caution.

The retrospective design limited our ability to gather com-
plete data, particularly for cases diagnosed externally,
which introduced gaps in the cohort. Although most patho-
logical reports came from the Lucerne Cantonal Hospital,
where we had access to most medical records, a minority
of cases diagnosed externally introduced gaps in the co-
hort. Despite mandatory reporting of new cancer cases
to the registry, some entries were incomplete, particularly
those involving molecular tests conducted after the initial
diagnosis (for example after metastasis). Changes in test-
ing practices such as using 2 antibodies vs 4 in some years,
may also have introduced some bias. Variable interpreta-
tion of immunohistochemistry might have also introduced
some bias. Initially a positive staining of >10% was suf-
ficient to classify a tumour as MRPp; however more re-
cent publications suggest that any staining pattern deviat-
ing from strong uniform positivity warrants further testing,
especially since abnormal patterns are more strongly asso-
ciated with Lynch syndrome [35, 36]. The clinical records
on genetic counselling were also mostly incomplete, mak-
ing it challenging to categorise the cases as Lynch or spo-
radic. In certain cases, testing might not have taken place
due to perceived low clinical relevance.

While current testing algorithms are designed to detect
most Lynch syndrome cases, some remain undetected, in-
cluding cases with a methylated MLH1 promoter where
constitutive methylation syndrome was not considered, a
condition found in approximately 3% of patients with
Lynch syndrome [5]. These factors suggest that the true
number of Lynch syndrome cases in our cohort may be
slightly higher than reported.

In conclusion, the tumour incidence and the proportion of
Lynch-suspected tumours remained stable over time, with
no evidence of cantonal hotspots. In parallel, colorectal
cancer diagnostics in Central Switzerland showed remark-
able progress, culminating in near-complete compliance
with guidelines for mismatch repair protein and molecular
testing by 2022. This high adherence provides a solid foun-
dation for better personalised surveillance and treatment,
ultimately improving the quality of care for colorectal can-
cer patients in the region.
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