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Family history as a major prerequisite for microsatellite instability
screening in colorectal cancer is a poor selection tool
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Background: Deficient mismatch repair (MMR) leading to microsatellite instability (MSI) in tumors is
thought to be present in over 15% of colorectal cancer (CRC) cases. Testing CRC for MSI has traditionally
been recommended following the fulfillment of clinical criteria. However, the performance of clinical
criteria, especially the family history, as a selection tool for MSI screening in CRC is questionable.
Methods: We retrospectively investigated the incidence of high degree MSI (MSI-H) tumors in an
unselected population of CRC patients and compared its prevalence between individuals with and without
family history of cancers within the spectrum of MSI-H tumors as defined in the revised Bethesda criteria.
Results: The study population included 274 patients, 70 with positive and 204 without family history of
MSI-H tumors with complete data including findings from MSI analysis. The overall incidence of MSI-H
CRC was 18.98%. There was no statistically significant difference in the incidence of MSI-H CRC amongst
both groups. The sensitivity and specificity of family history with regard to the presence of an MSI-H tumor
in this collective was 36.5% and 77.5%, respectively.

Conclusions: A relevant number of cases with high MSI-H CRC may be missed secondary to screening
based on clinical criteria like family history alone. Thus, systematic screening independent of clinical

characteristics, especially family history of cancer should be recommended in all cases with CRC.
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Introduction chromosomal instability (CIN), CpG island methylator
phenotype (CIMP) and microsatellite instability (MSI) (3).
The CIN pathway begins with acquired mutations in

Colorectal cancer (CRC) is one of the most common solid
malignant tumors and is responsible for a relevant portion
of cancer-related death worldwide (1,2). CRC is thought the adenomatous polyposis coli (4PC) gene, followed by
to develop along one of three common pathways namely mutagenic activation of RAS oncogene and the inactivation
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of the tumor suppressor gene TP53 (4). This pathway has
been shown to be responsible for over 80% of sporadic
CRC. The CIMP pathway is characterized by promotor
methylation resulting in mutations in the BRAF gene (5,6).
The MSI pathway is characterized by mutations in at least
one of the common DNA—mismatch repair (MMR) genes,
MLHI1, MSH2, MSH6 and PMS2. Such mutations may
occur secondary to loss of heterozygosity in the tumor as
described in the second hit theory by Knudson ez a/. (7)
or due to germline mutations in Lynch syndrome (8). A
high degree of MSI (MSI-H) is a common aspect of both
the MSI and CIMP pathways (9,10). Traditionally, clinic
criteria have been implemented to select patients with CRC
who may require further investigation with regard to MSI
(11-13). In the current German guidelines for the diagnosis
and management of CRC for example (14), MSI screening
is recommended in CRC patients who fulfill either the
Amsterdam (13) or revised Bethesda Criteria (12). A family
history of lynch-like (MSI-H) tumors is a pivotal aspect of
these clinical criteria, which may be associated with low
sensitivity and specificity in identifying mutation carriers.
This implies that the risk of false selection is high and thus
some patients with MSI-H CRC may go unselected. The
aim of this study was to investigate the incidence of MSI-H
tumors in an unselected population of patients undergoing
radical surgery for CRC and compare the frequency of
MSI-H CRC amongst patients with and without any
family history of MSI-H cancer based on the Amsterdam

and revised Bethesda criteria. We present this article in

Highlight box

Key findings

¢ Family history is a weak selection criterion for patients with high
degree of microsatellite instable colorectal cancer (CRC).

* High degree microsatellite instability (MSI-H) cancer is common
in the right colon.

*  Germline testing may be warranted.

What is known and what is new?

* CRC may develop due to genetic predisposition.

e MSI-H CRC is usually found in families with mismatch repair
deficiencies.

* Clinical guidelines have been used to select patients needing

screening for MSI-H tumors.

What is the implication, and what should change now?
® MSI screening in patients with CRC should be routinely
performed independent of family history.
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accordance with the STROBE reporting checklist (available
at https://tgh.amegroups.com/article/view/10.21037/tgh-
23-71/rc).

Methods

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All patients
managed in our Department of Surgery II of the Witten/
Herdecke University consented to the use of their data for
research purposes and ethical approval was received from
the ethics commission of the Witten/Herdecke University
(approval No. 65/2017). All patients with CRC completed
a questionnaire with items from both the Amsterdam and
revised Bethesda criteria. Thus information concerning
cancer in the family was systematically collected from all
CRC patients. A search of our prospectively maintained
institutional database for CRC was performed as previously
published elsewhere (15). Data of all consecutive patients
undergoing radical resection for CRC were retracted. All
patients diagnosed with CRC in our institution were staged
and discussed in the multidisciplinary tumor board before
and after surgery per institutional standards independent of
disease extent. The decision to perform surgery on patients
with stage IV disease was based on individual cases with
the aim of achieving complete resection in a multimodal
treatment setting. Neoadjuvant chemoradiation therapy
was performed in cases with locally advanced cancers of
the mid and lower rectum prior to surgery. Radical surgery
was performed in accordance with oncologic standards, i.e.,
central mesocolic excision (CME) for colon cancer (16),
partial mesorectal excision for cancers of the rectosigmoid
junction and total mesorectal excision (TME) for mid
and low rectal cancer (17). Histopathology was performed
to enable a TNM staging in all cases. Furthermore,
immunohistochemistry (IHC) was performed on tumor
slides to determine the presence or absence of gene products
(proteins) of the four clinically relevant MMR genes, MLH]I,
MSH2, MSH6 and PMS2 as published elsewhere (18)
(Figure 1A4,1B). In order to address our main question, only
cases with available MSI data were included in the study.
Systematic MSI screening via IHC, independent of family
history of cancer, was initiated in our department in 2015.
Patients with family history of any MSI-related cancer were
included in the study group, while those without family
history of MSI-related tumors constituted the control
group. Both groups were compared with respect to MSI
findings following IHC of tumor samples.
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Figure 1 Results of IHC testing for MSI on tumor specimen. (A) Positive IHC staining for MSH2 indicating the presence of MSH2
protein. (B) Negative IHC staining for MLH]I indicating MSI-H secondary to lack of MLH1 protein. IHC, immunohistochemistry; MSI,

microsatellite instability; MSI-H, high degree MSL

Statistical analysis

The data generated was analyzed using the SPSS, version
25 (IBM, Armonk, NY, USA). Continuous variables are
reported using absolute numbers and percentages, while
central tendencies are reported using median and ranges.
Sensitivity calculations were performed using a 4x4 cross
table and analytic statistics was done using chi-square test.
All calculations were done with a 95% confidence interval
with statistical significance set at P<0.05.

Results

The datasets of 496 cases of CRC managed within a 5-year
period from 2015 to 2020 were reviewed and the data
of 343 cases with available findings from MSI IHC were
retrieved. Complete datasets of 274 patients, 118 female
and 156 male, with a median age of 68.5 years (range,
21-90 years) were available for analysis. The study
population was divided into two groups, with or without
family history of MSI-H cancer as defined in the revised
Bethesda criteria (Figure 2). There was no statistically
significant differences amongst both groups with regard
to age (study group: 66 vs. control: 70 years; range,
21-90 years) at the time of surgery and sex distribution
(study group 59% male vs. control 59% male). Equally, both
groups were comparable with regard to cancer distribution
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(Figure 3). Family history was positive for lynch-like
tumors in 25.1% of cases in this study, while the incidence
of MSI-H CRC in the entire collective was 18.98%
(Figure 4). Significantly more MSI-H tumors were found
in the right colon in comparison to the left colon/rectum
(Figure 5). Equally, significantly more cases of MSI-H CRC
were found in the group with family history of MSI tumors
compared to the group without any family history of MSI
tumors (27.1% wvs. 16.5%, P=0.04). The sensitivity and
specificity of family history with regard to the presence of
an MSI-H tumor in this collective was 36.5% and 77.5%
respectively.

Discussion

MST is present in over 15% of CRC, some of which may
be associated with a hereditary predisposition for cancer.
Screening for MSI in tumors has traditionally been guided
by the presence of clinical characteristics including a
positive family history. Our aim was to investigate the
prevalence of MSI-H CRC in an unselected population
of patients undergoing oncologic surgery for CRC. The
sensitivity and specificity of family history based on
Amsterdam and revised Bethesda criteria in our study low.
Although the rate of MSI-H CRC was significantly higher
in patients with a family history, numerically more cases of
MSI-H CRC were found in the group without any family
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Figure 2 Distribution of the study population.
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Figure 3 Cancer location in both groups.
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Figure 4 Incidence of MSI and MSS tumors in the collective.
MSI, microsatellite instable; MSS, microsatellite stable.

history of MSI-related tumors.

The importance of genetic alterations in the development
of CRC is gaining more focus in clinical practice (19).
Generally, hereditary syndromes with increased risk of CRC
can be classified into three groups (20). The first group
includes the adenomatous polyposis groups with entities
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Figure 5 Location of MSI CRC in both groups. MSI, microsatellite
instable; MSS, microsatellite stable; CRC, colorectal cancer.

like familial adenomatous polyposis (FAP) (21), MUTYH-
associated polyposis (MAP) (22) and polymerase proof
reading polyposis (PPAP) (23). In this group, CRC develops
along a typical adenoma-carcinoma sequence. The second
group includes the hamartomatous polyposis phenotype
with entities like Peutz-Jeghers syndrome (PJ]S), juvenile
polyposis and Cowden syndrome with cancer developing
via the hamartoma-carcinoma sequence (24), and the
third group includes non-polyposis phenotype like Lynch
syndrome and Lynch-like syndrome [formerly hereditary
nonpolyposis colorectal cancer (HNPCC)] (25). While
the first two groups are readily identified on colonoscopy,
the third group may be difficult to identify based on
morphological aspects alone.

Historically, a familiar cancer predisposition was
identified using clinical features mostly based on family
history and patient’s age at the time of diagnosis of CRC.
The Amsterdam criteria for example were established to
identify patients who may harbor MSI-H tumors to initiate
analysis of MSI status (13). Due to the stringent nature
of the Amsterdam criteria, many potential MSI-H tumor
carriers were unidentified, so these criterial were revised to
generate the less rigorous Bethesda criteria with even more
features (12).

The weak performance of these clinical screening
features has remained a major drawback in the daily
practice. The sensitivity of family history in identifying
carriers of MSI-H tumors in this study was 36.5% with a
specificity of 77.5%. Syngal ez al. reported a sensitivity and
specificity of about 61-94% and 25-67% respectively in
a population with known mutations (26). The differences
in these findings probably lay in the fact that our study
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included an unselected population, while the study by
Syngal er al. (26) included only patients with known
mutations. The data presented by Syngal ez 4/. on the other
hand indicate the poor performance of family history alone
in identifying patients with MSI-H CRC, even in patients
with known mutations.

Current evidence suggests that 15-30% of CRC may
develop along the MSI pathway (27). The incidence of
MSI-H CRC in our study was 20.4% and therefore in line
with the current literature. The statistically significantly
high rate of MSI-H CRC in patients with family history of
MSI-related tumors seen in this study must be interpreted
with caution due to the small sample size keeping in mind
that numerically more cases of MSI-H CRC were found
in the group without any family history of MSI- related
cancer. Nonetheless, this finding does indicate that family
history should not be completely neglected. Most of the
MSI-H tumors in this study were located in the right colon.
Similarly, most of the cases with positive family history
of MSI-H tumors had CRC in the right colon. While the
right sided predominance of MSI-H CRC seen in this
study is in accordance with current literature (28), the tight
association seen between right colonic predominance and
positive family history represents an interesting finding.
This finding may be a subject of future investigation.

The retrospective study design and the small sample size
represent two relevant limitations in this study. The study
design resulted in the exclusion of a relevant number of
cases due to incomplete data with respect to family history
and findings from MSI IHC. It is therefore possible that the
findings generated in this study may be different in a larger
prospective population. Therefore the trends reported in
this study should be further investigated in a prospective
setting with larger case numbers.

Despite the above limitation, the findings from this
study indicated that the current practice with regard to
MSI screening in cases with CRC as stated in the current
German guidelines needs to be revisited. A systematic
screening of all patients with CRC is probably the best and
most practical option.

Conclusions

A relevant number of cases with MSI-H CRC may be missed
secondary to screening based on clinical criteria like family
history alone. Thus, systematic screening independent of
clinical characteristics, especially family history of cancer
should be recommended in all cases with CRC.
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