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The impact of preoperative treatment

on mismatch repair protein and HER2
expression in colorectal cancer: an analysis
of paired samples
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Abstract

Background Colorectal cancer (CRC) is a leading cause of cancer-related mortality, highlighting the necessity for
multifaceted treatment strategies, including preoperative treatment (PT), which can enhance surgical outcomes and
provide prognostic insights. This study aims to clarify the impact of PT-induced changes in mismatch repair (MMR)
and human epidermal growth factor receptor 2 (HER2) expression, potentially informing tailored treatment strategies
and improving clinical outcomes for CRC patients.

Methods This retrospective study analyzed 120 paired samples from CRC patients who underwent preoperative
treatment, comparing pre- and post-treatment specimens. A control group of 60 untreated surgical specimens was
also included. Immunohistochemistry assessed MMR proteins (MSH6, MSH2, MLH1, PMS2) and HER2 expression. MSI
status was determined in samples with low MMR expression.

Results Compared to pre-treatment samples, post-treatment samples exhibited lower levels of MSH6, MSH2, and
total MMR expression, along with higher levels of HER2 expression. However, when compared to the untreated
control group, there were no significant differences in the expression of MSH6, total MMR, and HER2. All samples
that exhibited weak MMR expression and those that shifted to deficient mismatch repair (dAMMR) status following
treatment had stable microsatellite status. No clear clinicopathological characteristics or prognostic factors were
found to be associated with changes in MMR and HER2 expression, except for the use of fluorouracil or capecitabine,
which was related to changes in total MMR scores. ypTNM stage and TRG scores were identified as independent
factors affecting disease progression in our study.

Conclusions PT is associated with a reduction in MMR expression, notably for the MSH2 protein, while it does not
appear to influence HER2 expression.
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Introduction

Colorectal cancer (CRC) stands as a significant contribu-
tor to cancer-related mortality globally, underscoring the
need for a comprehensive, multifaceted approach to its
management. While surgery is pivotal for treating local-
ized CRC, the complexity of advanced or metastatic pre-
sentations at diagnosis can impede surgical efforts and
jeopardize patient outcomes. In this regard, preoperative
treatment (PT)- encompassing both neoadjuvant therapy
and first line chemotherapy for unresectable tumor - has
become integral to CRC management. These treatment
modalities not only hold the potential to reduce tumor
bulk and facilitate surgical resection but also to provide
critical insights into treatment responses, thereby bol-
stering survival prospects [1].

Within the CRC molecular profile, the expression of
mismatch repair (MMR) proteins and human epider-
mal growth factor receptor 2 (HER2) emerges as crucial,
influencing both prognostic assessments and therapeutic
strategies. MMR deficiency, frequently linked to micro-
satellite instability, is a positive prognostic indicator, par-
ticularly responsive to immunotherapy [2, 3], whereas
HER?2 overexpression possibly benefiting from targeted
therapy [4, 5]. The clinical utility of accurately gauging
these biomarkers underscores their importance.

It is within this context—where postoperative treat-
ment still requires the guidance of these biomarkers—
that the influence of preoperative treatment on the
expression of MMR andHER2 becomes a topic of sig-
nificant interest. Prior studies hint at treatment-induced
alterations of these biomarkers, yet these are constrained
by limitations in sample size or the lack of rigorous pre-
and post-treatment comparatives [6—9]. The need for fur-
ther exploration is thus imperative to clarify the clinical
ramifications of such changes.

This study seeks to address this gap by analyzing
changes in MMR and HER2 expression in CRC patients
pre- and post-treatment and exploring the factors that
may influence these alterations. By doing so, we aim to
provide valuable insights that could inform personalized
treatment approaches and improve clinical outcomes for
CRC patients.

Materials and methods

Material source

The present study employed a comparative study design,
enrolling two distinct groups for analysis. The exposed
group comprises 120 pairs of CRC samples from patients
who underwent treatment prior to surgery, diagnosed
between October 2018 and September 2023. The con-
trol group consists of 60 surgically resected CRC samples
from patients who had not received any treatment prior
to surgery, all diagnosed within July 2023 (detailed in
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Figure S1, Supplemental Digital Content 1). The inclu-
sion and exclusion criteria are as follows:

Inclusion criteria

Exposed Group: (1) Patients with a pathological diagno-
sis of primary colorectal cancer; (2) Received treatment
prior to surgical resection; (3) Availability of both pre-
treatment biopsy samples and surgical resection samples.
(4) Complete clinical data on preoperative treatment
regimens.

Control Group: (1) Patients with a pathological diag-
nosis of primary colorectal cancer; (2) No treatment
(therapeutic treatment such as radiotherapy or systemic
therapy for tumor growth or metastasis, excluding medi-
cal procedures such as biopsies for diagnostic purposes)
received prior to surgical resection; (3) Availability of
surgical resection samples.

Exclusion criteria

Exposed Group: (1) No residual tumor cells in the sur-
gical resection sample or insufficient residual tumor for
analysis; (2) Incomplete clinical data prior to surgery.

Control Group: (1) Diagnosis of dysplasia or carci-
noma in sitw; (2) Insufficient tumor cells in the sample for
analysis.

Clinicopathological characteristics, tumor regression
grade (TRG), treatment details, and KRAS mutation
statuses were extracted from clinical records. The TNM
staging adhered to the eighth edition of the AJCC stag-
ing system. Data for Progression-Free Survival (PFS) and
Overall Survival (OS) were collected through clinical fol-
low-ups and imaging records, with the follow-up period
concluding in July 2024. All samples were sourced from
the First Affiliated Hospital of Zhejiang University School
of Medicine, with the study receiving approval from the
hospital’s ethics committee.

Immunohistochemistry (IHC) analysis
All samples were fixed in 10% neutral buffered formalin
and embedded in paraffin. The Leica Bond-III automated
immunohistochemistry platform, using the Bond Poly-
mer Refine detection kits and mouse monoclonal anti-
bodies (MSH6, MSH2, MLH1, PMS2), was employed for
MMR detection. HER2 expression was detected using
the Roche Ventana (Tucson, AZ) fully automated immu-
nohistochemistry system. The antibody information is
detailed in Table S1(Supplemental Digital Content 2).
Two experienced pathologists (W.Z., X.T.) independently
scored the slides, evaluating both staining intensity and
extent. Discordant results were resolved through consen-
sus discussions.

MMR expression was scored following the criteria
established by by A. Vilkin et al. [8] with percentage posi-
tivity ranging from 0 to 4 and staining intensity from 0 to
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3. The overall score for each slide was calculated by mul-
tiplying these two scores. The total MMR score was the
sum of the individual scores for MSH6, MSH2, MLH1,
and PMS2. Proficient MMR (pMMR) was indicated by
any nuclear staining in tumor cells, while deficient MMR
(dMMR) was defined by a score of 0 for one or more
MMR proteins. HER2 expression scoring was based on
the criteria by S. Fujii et al. [10].

Expression change was categorized as follows:
unchanged (pre- and post-treatment scores were iden-
tical), increased (post-treatment score exceeded pre-
treatment score), and reduced (post-treatment score was
lower than pre-treatment score).

Microsatellite instability (MSI) testing

MSI analysis was conducted on samples with an MMR
score below 6, using the PCR-capillary electrophoresis
method. Tumor tissues were selected from areas rich in
tumor cells, as determined by reference HE slides, with
normal control tissue obtained from the surgical resec-
tion margin. DNA extraction utilized an automated
nucleic acid extraction system (HF48, Cencert, China)
and its FFPE nucleic acid extraction kit. Six microsatellite
loci (NR-21, NR-24, NR-27, BAT-25, BAT-26, MONO-
27) were amplified for MSI testing (Sinomd, China), with
fragment analysis performed on ABI 3500Dx Genetic
Analyzer (Thermo Fisher Scientific, USA).

Statistical analysis

The Wilcoxon test was applied to compare paired sample
scores pre- and post-treatment. The Mann-Whitney test
was used to compare scores between the exposed and
control groups. Categorical data were analyzed using chi-
square or Fisher’s exact tests as appropriate. Log-rank test
was used to compare survival between subgroups. The
Cox proportional hazards model was employed to iden-
tify factors associated with survival, estimating hazard
ratios and their 95% confidence intervals. PFS is defined
as the time span from the date of surgical resection to the
first postoperative imaging assessment that confirms dis-
ease progression. OS is defined as the time span from the
date of surgical resection to the date of death from any
cause. All analyses were performed using SPSS 22.0 soft-
ware (IBM, USA), with a P-value of less than 0.05 consid-
ered statistically significant.

Results

Patient information

The exposed group included 120 CRC patients (84 males,
36 females), aged 28 to 80 years, with a mean age of 59.3
years. Tumor locations included 25 in the left colon,
17 in the right colon, and 78 in the rectum. A total of
87 patients were administered chemotherapy, while
30 patients received concurrent chemoradiotherapy.
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Additionally, 3 patients exclusively received immuno-
therapy. Detailed demographics and treatment regimens
are presented in Table S2 (Supplemental Digital Content
2).

Changes in MMR expression after PT

MMR expression loss was observed in 6 pre-treatment
biopsy samples (1 MSH6, 1 MSH2, 4 MLH1 and PMS2).
Post-treatment surgical samples revealed loss in 9 cases
(4 MSHS6, 2 PMS2, 2 MSH6 and MSH2, 4 MLH1 and
PMS2) (Fig. 1A). Three cases showed inconsistent MMR
expression post-treatment, all transitioning from pMMR
to dMMR (Fig. 1B; Table 1).

Pre-treatment samples demonstrated significantly
higher scores for MSH6 (P<0.001), MSH2 (P<0.01), and
total MMR score (P<0.01) compared to post-treatment
samples. However, no significant differences were noted
for MLH1 (P=0.655) and PMS2 (P=0.324) (Fig. 1C).

When compared to the control group’s surgical sam-
ples, post-treatment surgical samples showed signifi-
cantly lower MSH2 scores and higher MLH1 scores,
with no significant differences in MSH6, PMS2, and total
MMR scores (Fig. 1C). Heterogeneous staining for MSH6
was common in surgical samples, regardless of treat-
ment, primarily manifesting as varied staining within the
same gland rather than between different regions (Figure
S2, Supplemental Digital Content).

Analysis of MSI status in cases with deficient or weak MMR
expression

22 samples from 14 patients who with a score less than 6
underwent MSI status analysis. Among the 5 pre-treat-
ment dMMR cases, both pre- and post-treatment sam-
ples were classified as MSI-H (Table 2). For the remaining
dMMR and weakly MMR expressing cases, both pre- and
post-treatment samples were classified as MSS.

Correlation between changes in MMR expression and
clinicopathologic features

We attempted to compare the changes in protein expres-
sion with various clinicopathological features and found
that, PMS2 was found to be associated with gender. How-
ever, changes in MSH6, MSH2, and MLH1 did not cor-
relate with any clinicopathological features (Table S3,
Supplemental Digital Content 2). The change in total
MMR score was significantly associated with fluoroura-
cil (5-FU) and capecitabine treatment. Specifically, cases
with reduced MMR expression treated with 5-FU were
significantly fewer compared to untreated cases (Fig. 2A).
In contrast, cases with reduced MMR expression treated
with capecitabine were significantly more frequent com-
pared to untreated cases (Fig. 2B).
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Fig. 1 MMR expression in colorectal cancer before and after preoperative treatment. (A) Heatmap of MMR proteins expression scores pre- and post-
treatment; (B) Representative cases of MMR expression conversion after preoperative treatment (1 positive staining of normal cells, 1 negative staining of
tumor cells); (C) Comparison of MMR scores between pre- and post- treatment and the control group. *P<0.05, ** P<0.01, ***P<0.001

Table 1 Clinicopathological characteristics of patients with colorectal cancer stratified by MMR expression conversion

ID Gender Age  Tumor MSH6 MSH2 MLH1 PMS2 TRG  Treatment regimen
location pre /post pre /post pre /post pre /post
P0O16 Male 68y Sigmoid +/+ +/- +/+ +/+ 3 XELOXIRI plus bevacizumab (8
colon cycles)
P0o62 Female 78y Rectum +/- +/- +/+ +/- 1 XELOX (2 cycles) followed by
FOLFOX6 plus cetuximab (3 cycles)
P09%4 Female 69y Rectum +/- +/+ +/+ +/- 1 Radiotherapy plus capecitabine

TRG: tumor regression grade; + positive; - negative
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Table 2 Analysis of MSI status in cases with deficient or weakly expressed MMR proteins

ID Samples Scores of MSH6 Scores of MSH2 Scores of MLH1 Scores of PMS2 MMR MSI status
P004 pre-treatment 12 12 0 0 dMMR MSI-H
post-treatment 12 12 0 0 dMMR MSI-H
P035 pre-treatment 12 12 0 0 dMMR N/A
post-treatment 12 12 0 0 dMMR N/A
P0O55 pre-treatment 12 12 0 0 dMMR MSI-H
post-treatment 12 12 0 0 dMMR MSI-H
Po61 pre-treatment 4 0 12 12 dMMR MSI-H
post-treatment 0 0 12 12 dMMR MSI-H
P112 pre-treatment 12 12 0 0 dMMR MSI-H
post-treatment 12 12 0 0 dMMR MSI-H
P116 pre-treatment 0 12 12 12 dMMR MSI-H
post-treatment 0 8 12 12 dMMR MSI-H
P029 pre-treatment 12 12 6 3 pMMR MSS
post-treatment 3 12 12 8 pMMR N/A
P043 pre-treatment 12 2 12 4 pMMR MSS
post-treatment 8 4 12 12 pMMR MSS
PO16 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 0 4 12 12 dMMR MSS
P031 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 4 12 12 12 pMMR N/A
p042 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 6 4 12 12 pMMR N/A
P059 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 8 4 12 8 pMMR N/A
P062 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 0 0 12 0 dMMR MSS
P065 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 6 4 12 12 pMMR N/A
P094 pre-treatment 12 12 12 12 pMMR MSS
post-treatment 0 8 8 0 dMMR N/A

MMR: mismatch repair; dMMR: deficient MMR; pMMR: proficient MMR; MSI-H: microsatellite instability-high; MSS: microsatellite stable; N/A: not available
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Fig. 2 Relationship between fluorouracil (A) and capecitabine (B) and changes in total MMR scores after preoperative treatment. *P < 0.05, ** P<0.01
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Changes in HER2 expression after PT

A total of 99 cases underwent HER2 testing before and
after PT (Fig. 3A). Post-treatment samples showed signif-
icantly higher HER2 scores compared to pre-treatment
samples (P<0.001; Fig. 3B), while control group scores
were not significantly different. No clinicopathological
features were identified as associated with HER2 expres-
sion changes except cTNM stage (Table S3, Supplemental
Digital Content 2).

Prognostic analysis results

Prognostic analysis results indicated that within the
exposed group, seven patients had incomplete data
regarding disease progression or overall survival. Spe-
cifically, three lacked progression information, three
were missing survival data, and one patient was lost to
follow-up. As of the final follow-up date, four patients
had deceased due to cancer-related causes. The average
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Fig. 3 HER2 expression in colorectal cancer before and after preoperative
treatment. (A) Heatmap of HER2 expression scores pre- and post-treat-
ment; (B) Comparison of HER2 scores between pre- and post- treatment
and the control group. ***P<0.001
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PFS and OS were 791.3 days and 1823.3 days, respectively
(Fig. 4A-B, Table S4, Supplemental Digital Content 2).

Univariate analysis revealed significant associations
between PFS and ¢TNM stage, ypINM stage, treat-
ment modalities, KRAS mutation and the use of oxali-
platin, bevacizumab, or cetuximab (Fig. 4C-H, Table S4,
Supplemental Digital Content 2). However, neither the
baseline expression of MMR proteins and HER2, nor the
changes in their expression following treatment, showed
significantly associated with PFS (Table S4, Supplemen-
tal Digital Content 2). Although univariate analysis did
not identify an association between TRG scores and PFS,
multivariate analysis demonstrated TRG as an indepen-
dent predictor of PFS (Fig. 41, Table S4, Supplemental
Digital Content 2). Additionally, ypTNM stage was also
identified as an independent factor influencing PES in the
multivariate assessment (Table S4, Supplemental Digital
Content 2).

We further analyzed the relationship between MSHS,
MSH2, total MMR, HER?2, and their expression changes
post-treatment with PFS across different clinical stages.
The results indicated that in metastatic colorectal cancer,
the changes in HER2 expression were significantly asso-
ciated with PFS. In contrast, MMR and its expression
changes did not exhibit an association with PFS, regard-
less of the disease being in a localized or metastatic stage
(Table S5, Supplemental Digital Content 2).

It is noteworthy that no statistically significant associa-
tions were identified between any of the evaluated factors
and OS (data not shown), potentially due to the limited
sample size and the short follow-up duration.

Discussion
Precision medicine has increasingly shaped CRC treat-
ment, with biomarkers such as KRAS, BRAF, MMR, and
HER?2 playing pivotal roles. However, the choice of speci-
men for biomarker testing can be influenced by tumor
heterogeneity, potentially affecting treatment decisions.
In untreated CRC samples, MMR expression is generally
consistent between biopsy and surgical samples [9, 11],
despite stronger MLH1 staining in biopsy samples [12].

Our study, in line with previous research [6, 8, 13,
14], finds that preoperative treatment can reduce MMR
protein expression, especially MSH6 and MSH2. This
reduction is likely due to treatment effects rather than
sample variability, as untreated controls show stable
MSH2 levels. Consistent with previous studies [6, 13, 14]
the pMMR cases with reduced or loss MMR expression
after treatment still maintain stable microsatellite status,
reaffirming the importance of pre-treatment biopsies for
accurate MMR evaluation.

The mechanisms underlying the reduction of MMR
expression caused by treatment are currently unclear,
with several hypotheses proposed. Treatment may induce
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Fig. 4 Prognostic analysis in patients with CRC following preoperative treatment. Panel A represents the PFS curve, while Panel B represents the OS curve.

Panels C-I represent the comparisons of PFS across various subgroups
Supporting information

secondary genetic mutations affecting MMR expression.
Chemotherapy or radiation therapy-induced DNA dam-
age can disrupt cellular signaling pathways and physically
alter genomic DNA [15, 16]. Alternatively, treatment
may induce a state of cell quiescence or low prolifera-
tion, leading to decreased overall transcription levels in
tumor cells, as reflected by a reduced Ki67 index post-
treatment [13]. Additionally, the hypoxic microenviron-
ment induced by treatment could contribute to MMR
expression dysregulation, a widely accepted rationale
[17]. However, suboptimal tissue fixation can also lead to
inadequate immunohistochemical staining, identifiable
by comparing internal control staining.

We also observed a potential influence of fluoroura-
cil and capecitabine on MMR expression, which has not
been extensively explored in the literature. This find-
ing is significant and suggests that the choice of chemo-
therapeutic agents may have implications for biomarker
assessment and treatment planning in CRC.

In contrast to breast cancer [18, 19], the impact of
treatment on HER2 expression in colorectal cancer
(CRCQ) is less established. Our study observed a trend
towards increased HER2 expression following treatment,
though not significantly different from controls. This sug-
gests that changes may be due to tumor heterogeneity
rather than treatment effects.

The TRG score is well-documented for its prognostic
utility in CRC patients undergoing neoadjuvant therapy
[20]. The independent prognostic significance of TRG
score in our study suggests its potential as a favorable
prognostic indicator for patients undergoing initial treat-
ment for advanced CRC, even when the treatment is pal-
liative in intent. While the literature supports the role of
dMMR/MSI-H as a predictor of good prognosis in local-
ized CRC [21, 22], and HER?2 positivity as an indicator of
poor prognosis [23], these associations were not evident
in our study. This discrepancy may be attributed to the
small sample size of patients with dMMR/MSI-H and
HER2-positive status (n=6, both).
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The lack of statistically significant between changes in
MMR expression and PFS implies that the response of
tumor cells to treatment may not be significantly associ-
ated with MMR expression levels. Additionally, in met-
astatic CRC, patients with reduced HER2 expression
(n=4) exhibited earlier disease recurrence. This implies
that HER2-expressing tumor cells are less likely to sur-
vive treatment, or that treatment activates other signaling
pathways thereby attenuating the tumor’s dependence on
HER2, which needs to be studied on a larger scale due to
the small number of cases.

While our study provides valuable insights into the
impact of preoperative treatment on MMR and HER2
expressions in CRC, it is important to acknowledge its
limitations. Firstly, the retrospective design of our study
introduces inherent complexities, such as variability in
treatment regimens and durations, which may affect the
consistency of our findings. Secondly, despite represent-
ing one of the largest paired-sample analyses to date,
our study includes a relatively small number of cases in
certain critical subgroups, such as those with dAMMR or
high HER2 expression. This limitation could introduce
bias and variability into our results, potentially impacting
the generalizability of our findings. Therefore, future pro-
spective studies with larger and more diverse cohorts are
necessary to validate our results and to further explore
the clinical implications of these biomarkers in CRC
treatment strategies.

In conclusion, our findings indicate that preoperative
treatment in CRC patients is associated with a reduc-
tion in MMR protein expression, particularly MSH2, and
does not significantly influence HER2 expression. The
lack of correlation between changes in MMR expression
and PFS suggests that other factors may be more critical
in determining treatment response. These observations
underscore the importance of further research to clarify
the mechanisms behind these changes and to refine the
use of these biomarkers in personalized CRC treatment
approaches.

Abbreviations

5-FU Fluorouracil

CRC Colorectal cancer

dMMR  Deficient mismatch repair
MMR Mismatch repair

MSI Microsatellite instability
oS Overall survival

pMMR  Proficient mismatch repair
PFS Progression-free survival
PT Preoperative treatment
TRG Tumor regression grade
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