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Background: We aimed to assess the differences in gene expression and systemic inflam-
matory markers in colorectal cancer (CRC) patients with different mismatch repair (MMR)
statuses.

Methods: Bioinformatics analysis was used to identify the different expression genes
in patients with CRC at different MMR statuses. A total of 208 patients with resectable
colorectal cancer, including 104 deficient mismatch repair ({IMMR) patients and 104
matched proficient mismatch repair (pMMR) patients, were retrospectively
analyzed.

Results: Bioinformatics analysis showed that chemokine-mediated signaling pathway
and inflammatory responses were the main differences in gene expression between
dMMR and pMMR CRC patients. In all 208 patients with CRC, those with dAMMR
frequently had it located on the right side, with more mucinous adenocarcinoma and
grade 3 tumors. Patients with dMMR had an earlier American Joint Committee on
Cancer (AJCC) stage than pMMR patients. Meanwhile, lymph nodes (LNs) metastasis
was more frequently negative in dMMR patients than pMMR patients. Interestingly,
patients with CRC with dMMR had more regional lymph nodes removed during
surgery, although with less metastatic cancer. Patients with resectable CRC with
dMMR were more likely to have higher levels of neutrophil, monocyte, platelet,
neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), monocyte-to-
lymphocyte ratio (MLR), C-reactive protein to albumin ratio (CAR), Glasgow prog-
nostic score (GPS) and C-reactive protein (CRP). In patients with dMMR, those with
higher levels of PLR, MLR, CAR, and co-effect present had shorter overall survival
(OS) significantly. It was noteworthy that the prognosis of high levels of systemic
inflammatory markers did not predict prolonged OS in patients with pMMR CRC.
Conclusion: dMMR CRC has presented a comprehensively distinct systemic inflammatory
microenvironment. The systemic inflammatory response can predict oncological outcomes in
patients with CRC with dAMMR.
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Introduction

Colorectal cancer (CRC) is the leading malignant tumor worldwide. According to the
report in the Global Burden of Disease study, CRC ranks fourth in terms of morbidity
but second in terms of mortality in 2017." In China, according to 2015 data, CRC
ranks fifth in both morbidity and mortality.> CRC constitutes a great threat to human
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health. Understanding its clinicopathological characteristics
could guide clinical diagnosis and treatment.

The occurrence and development of CRC are complex
processes. Microsatellite instability (MSI) is considered as
the genetic inducer for hereditary nonpolyposis colorectal
cancer (HNPCC). Some studies have shown that MSI is
also associated with the formation and development of
sporadic colorectal cancer (SCRC), and MSI can be seen
in about 15% of all CRC cases.’

MSI is defined as the change of the length of micro-
satellite DNA, which is caused by the insertion or deletion
of repeat units in tumor tissue, and results in the emer-
gence of new microsatellite DNA alleles. Mismatch repair
(MMR) refers to the repair of nucleotide sequences in
DNA molecules, which contains mismatched bases.* It
has been reported that MLH1, MSH2, MSH6 and PMS2
are dominant proteins of MMR.> Loss of function of one
or more mismatch repair proteins can lead to MSI, known
as mismatch repair protein deficiency (AMMR). Therefore,
the MSI status of tumor can be shown indirectly by detect-
ing the missing mismatch repair protein.

Due to its prognostic and predictive values in some
tumors, the MSI/MMR status has attracted more and more
attention in cancer research. Clinical researches showed
that CRC patients with MSI high or dAMMR had improved
clinical outcomes.® Moreover, clinical data shown that
solid tumor patients with MSI-high or dIMMR can benefit
(PD-1) inhibitors.’
Understanding the relationship between MMR status and

from programmed cell death 1

clinicopathological characteristics in CRC patients can
help to further guide clinical treatment and explore the
pathogenesis of this disease.

Here, we explore the differences in gene expression
between dJMMR and pMMR patients with colorectal can-
cer and then investigate the differences in plasma inflam-
mation markers of resectable colorectal cancer patients
with different mismatch repair gene statuses.

Materials and Methods

Bioinformatics Analysis

The Gene Expression Omnibus (GEO) database under
the National Center for Biotechnology Information
(NCBI) platform was used for chip screening. The
target chip needs to meet the following screening cri-
teria. First, the specimens were human colon cancer
specimens, excluding cell lines and animal specimens.
Second, the chip to be selected needs to have MMR

status information. Third, gene expression microarray is
required, and each probe has a normalized expression
value. Finally, the quality of the selected chips should
meet the quality requirements, and their quality was
determined by regression analysis using the affyPLM
package in R language (http://bioconductor.org/

biocLite.R). The online tool GEO2R (https://www.
ncbi.nlm.nih.gov/geo/gep2r/) was used to analyze the

selected chips. Genes with P<0.05 and more than two
times difference were selected as candidate differential
gene probes, and the probes were converted into stan-
dard gene names. Then, DAVID version 6.8 (https://
david.ncifcrf.gov) was performed for online analysis,

gene ontology (GO), gene function annotation, and
KEGG pathway enrichment analysis were conducted
to screen out the characteristic gene clusters and path-
ways between pMMR and dMMR.

Patients

The protocol was approved by a human research ethics
committee. A single-center study was conducted in
Zhejiang Cancer Hospital, whose database comprises
1679 CRC who underwent surgery from
January 2013 to June 2014. The last follow-up ended on
November 1, 2019. Written informed consent was pro-

cases

vided by each patient before enrolment. Among these
cases, a total of 1184 underwent MMR testing by IHC,
and 170 (14.4%) had the dIMMR status. Exclusion criteria
were: undefined disease stage, metastasis, and loss to
follow-up. Finally, 104 patients with stage I-III sporadic
colorectal adenocarcinoma were included in this study.
Subsequently, we identified another 104 patients with
resectable colorectal cancer with pMMR matched with
dMMR patients over the same period (Figure 1).
Clinicopathological data, including age, gender, tumor
location, histological subtype, tumor grade, tumor stage,
regional lymph node (LNs) metastasis, American Joint
Committee on Cancer (AJCC) 8th edition stage, peri-
neural invasion, vascular invasion, number of retrieved
LNs, number of metastatic LNs, systemic inflammation
markers, including C-reactive protein (CRP), lactic dehy-
drogenase (LDH), albumin, neutrophil, monocyte, lym-
phocyte, platelet, and survival were retrospectively
reviewed. The study was conducted in accordance with
the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of IRB-2020-
239 (Ke).

submit your manuscript

2926

Dove

Cancer Management and Research 2021:13


http://bioconductor.org/biocLite.R
http://bioconductor.org/biocLite.R
https://www.ncbi.nlm.nih.gov/geo/gep2r/
https://www.ncbi.nlm.nih.gov/geo/gep2r/
https://david.ncifcrf.gov
https://david.ncifcrf.gov
http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

Patients diagnosed with
CRC received surgery
(N=1375)

l

Patients tested for MSI
(N=1184)

l

dMMR status patients }
J

-

(N=170)
Exclude patients lost to

follow up and with metastasis
(N=104)

'

Matched with pMMR
patients
(N=104)

Figure | Flowchart of patient selection.

Inflammation-Based Prognostic Score

The NLR, PLR, MLR were calculated respectively as
NLR = neutrophil ratio (%) (or number of neutrophils)/
Lymphocyte ratio (%) (or number of lymphocytes), PLR =
platelet ratio (%) (or number of platelet)/Lymphocyte ratio
(%) (or number of lymphocytes), MLR = monocyte ratio
(%) (or number of monocyte)/Lymphocyte ratio (%) (or
number of lymphocytes). GPS was calculated as: patients
showing both elevated levels of CRP (>10 mg/dl) and

hypo-albuminemia (<3.5 g/dl) were given a score of 2,
while patients with only one or none of these biochemistry
abnormalities were given a score of 1 or 0, respectively.
The CAR was calculated as: CAR = CRP level (mg/dl)/
albumin level (g/dl).

Immunohistochemistry

The procedures were performed according to the operation
steps of immunohistochemistry, just as described in our
previous study.® As shown in Figure 2, the above proteins
were all detected in the nucleus. Two blinded investigators
separately assessed signal intensities under a light micro-
scope at 200x. Discrepancies required discussion until
a consensus was reached or a third investigator reviewed.
Non-neoplastic colonic tissue, stroma and infiltrating lym-
phocytes usually show positive haematoxylin staining and
serve as internal positive controls.

Statistical Analysis

SPSS v19.0 (SPSS, USA) was employed for data analysis.
The independent samples #-test or 2 test was employed
for assessing associations of MMR statuses with various
clinicopathologic features and systemic inflammation mar-
kers. Survival was estimated by Kaplan-Meier curves.
Two-sided P<0.05 indicated statistical significance.

Results
Differential Expression Genes in Patients
with Different MMR Status

Through screening and chip quality analysis, one chip met
the inclusion criteria mentioned above, which was
GSE39084. This chip data contained 16 patients with
CRC with dMMR and 54 patients with CRC with
pMMR. After data preprocessing and normalization, we
used Limma packages in R language analysis to identify
differential expression genes (DEG) between the two
groups. According to threshold criterion (P<0.05 and |
log FC|>1), we obtained 531 DEG, including 230 up-
regulated and 301 down-regulated, and we conducted
cluster analysis on the top 50 DEG (Figure 3A).
Moreover, these 50 genes were inputted into DAVID for
functional annotation, including biological process, cellu-
lar components, molecular function, and KEGG pathway
enrichment analysis. As shown in Figure 3B-E, these
overlapping genes were significantly enriched in “chemo-
kine-mediated signaling pathway” and “inflammatory
response”, which is characterized by complex series of
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Figure 2 Representative immunohistochemical staining data (x200). Mismatch repair proteins in sporadic colorectal cancer tissue
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(A) Positive MLHI signals; (B) positive MSH2 signals; (C) positive MSH6 signals; (D) positive PMS2 signals.
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Figure 3 Bioinformatics analysis of differential expression genes in CRC patients with different MMR status. Heat map (A) of 50 top different genes between MSI CRC
patients (blue) and MSS CRC patients (pink). The 50 top genes were inputted into DAVID for functional annotation, including biological process (B), cellular components
(C), molecular function (D), and KEGG pathway (E) enrichment analysis.

events of changes in various blood cells, such as neutro- inflammation markers in the serum of patients with resect-

phil leucocytes and mononuclear phagocytes. Based on  able colorectal cancer with different mismatch repair gene

this result, we further explored the blood cells and other  statuses.
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Baseline Patient Features Table | Clinicopathological Characteristics of CRC Patients

Table 1 summarizes the clinicopathological features of all with Different MMR Gene Status

208 CRC patients, including 104 dMMR patients and 104 Variable pPMMR dMMR P

pPMMR patients. Among them, patients with dAMMR were No. of % No. of %

younger than those with pMMR (56.1 v 59.7 years, Patients Patients

P=0.003). There was no significant association between (n=104) (n=104)

patients with different mismatch repair gene statuses and Age(years) 0.003

their sex, tumor stage, perineural invasion, and vascular Mean 59.7 56.1

invasion (P>0.05). Compared to patients with CRC with SD 10.5 14.1

pPMMR, those with AMMR were more frequently located Gender 0.674

on right side (41.3% v 18.3%, P<0.001), were with more Male 46 447 | 43 413

mucinous adenocarcinoma (58.7% v 5.8%, P<0.001), and Female 58 55.8 | 61 58.7

were with more grade 3 for tumor grade (35.6% v 15.4%, Tumor <0.001

P=0.003). Patients with dMMR had earlier AJCC stage location

than pMMR patients (AJCC stage 3:26% v 57.7%, Right-side 19 18.3 | 43 413

P<0.001). Meanwhile, LNs metastasis was more fre- Left-side 85 81.7 | el 8.7

quently negative in dMMR patients than pMMR patients Histological <0.001

(26% v 58.6%, P<0.001). Interestingly, CRC patients with subtype

dMMR had more regional lymph nodes removed during Mucinous 6 58 | 6l 58.7

surgery (28.4 v 18.8, P<0.001), although with less meta- I 98 942 | 43 413

static cancer (1.0 v 2.3, P=0.001). Tumor grade 0.003
Gl 5 4.8 2 1.9

Systemic Inflammatory Markers and G2 83 798 | 65 62.5

Tumor Markers G3 16 154 | 37 35.6

By bioinformatics analysis, we found that unlike pMMR | Tumor stage 0413

patients, patients with CRC with dAMMR showed signifi- I; :I :;)6 TI T:e

cant differences in gene expression in inflammatory and T3 s | 4: 4l 16 |5: 4

chemokine-related signaling pathways. Therefore, we T4 77 740 | 72 69.2

investigated the differences in systemic inflammation

markers and tumor markers between the two groups of Regional _LNS <0001
metastasis

patients. Various blood cells, including neutrophil, mono- NO 43 413 | 77 740

cyte, lymphocyte, platelet, biochemical index including NI 36 346 | 18 17.3

albumin, LDH, CRP, and tumor markers including CEA, N2 25 240 | 9 8.7

CA125, CA199, AFP were collected retrospectively, then AJCC stage <0.001

NLR, PLR, MLR, and GPS were calculated. As shown in I 8 77 |15 14.4

Table 2, patients with resectable CRC with dMMR were 2 36 346 | 62 59.6

more likely to have higher levels of neutrophil (4.37 3 60 57.7 | 27 26.0

v 3.57, P<0.001) (x10°/L), monocyte (0.56 v 0.49, Perineural 0.554

P=0.024) (x10°/L) and platelet (287.15 v 226.65, invasion

P<0.001) (x10°/L), but there were no differences of lym- Negative 72 69.2 | 68 65.4

phocyte (P=0.764). In addition, the level of serum LDH | Positive 3 308 | 36 346

was not different between CRC patients with dAMMR or Vascular 0.470

pMMR (P=0.526). Meanwhile, the level of serum CRP invasion

presented high levels in patients with dMMR (14.21 Negative 69 66.3 | 64 61.5

v 7.79, P=0.018) (mg/L), and the levels of albumin Positive 35 337 | 40 385

were lower in the dMMR patients (39.97 v 42.54, (Continued)
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Table | (Continued).

Variable pMMR dMMR P
No. of % No. of %
Patients Patients
(n=104) (n=104)
Number of <0.001
retrieved
LNs
Mean 18.8 28.4
SD 7.8 18.1
Number of 0.001
metastatic
LNs
Mean 2.3 1.0
SD 3.0 2.2

P=0.001) (g/L) than in pMMR patients. Similarly, there
were significant differences between the two groups in
other systemic inflammatory makers including NLR (2.8
v 2.28, P=0.005), PLR (186.94 v 143.48, P=0.002), MLR
(0.36 v 0.31, P=0.022) and CAR (0.41 v 0.21, P=0.016).
In addition, GPS was also different between the two
groups of patients. In patients with AIMMR, it was sig-
nificantly higher than in patients with pMMR (P<0.001)
(shown in Table 3). However, our study has shown that

Table 2 Systemic Inflammation Markers of CRC Patients with
Different MMR Gene Status

Table 3 GPS of Patients with Different Mismatch Repair Gene
Status

Variable pMMR dMMR P
No. of % No. of %
Patients Patients
(n=104) (n=104)
GPS <0.001
0 72 | 0.69 47 | 0.45
| 22 | 0.21 27 | 0.26
2 10 | 0.10 30 | 0.29

the tumor markers were not different between patients
with AMMR and pMMR (P>0.05).

Impact of Inflammatory Markers on the
Survival of Patients with dMMR and
pMMR CRC

Survival analysis showed that patients with CRC with
dMMR had a longer overall survival (OS) than those
with pMMR (1746 days v 1523 days, P=0.047).
Subsequently, to determine whether the inflammatory mar-
kers, including NLR, PLR, MLR, CAR, and GPS, have an
impact on the survival of patients with CRC, we conducted
the Kaplan-Meier analysis in our patients with different
MMR statuses. We also explored the co-effect of the five
inflammatory markers. We defined that patient with any
inflammatory marker increased was high inflammation
(HI), otherwise low inflammation (LI). Each inflammatory
marker was divided into a high-level group and the low-
level group according to the mean value, then the overall
survival of the patients with different levels of inflamma-
tory markers was compared in populations with different
MMR states. OS curves are displayed in Figure 4. In
patients with CRC with dMMR, higher levels of PLR
(P=0.017), MLR (P=0.022), CAR (P=0.044), and co-
effect (P=0.049) let to shorter OS significantly. In addi-
tion, OS was not significantly different for NLR and GPS
in patients with dIMMR CRC (P>0.05); however, survival
was better with lower levels of these two inflammatory
markers. It was noteworthy that the prognosis of high
levels of systemic inflammatory markers did not predict
long OS in patients with pMMR CRC (P>0.05).

Discussion
The data from KEYNOTE-164’ and KEYNOTE-158°
confirm that patients with solid cancer with MSI-H/

Variable pMMR dMMR P
Mean | SD Mean | SD
Neutrophil (x10°/L) | 3.57 0.13 4.37 0.18 | <0.001
Monocyte (x10%/L) 0.49 0.02 0.56 0.02 | 0.024
Lymphocyte 1.72 0.06 1.74 0.06 | 0.764
(x10°/L)
Platelet (x10°/L) 226.65 | 9.14 287.15 | 10.53 | <0.001
NLR 2.28 0.11 28 0.15 | 0.005
PLR 143.48 | 6.97 186.94 | 11.94 | 0.002
MLR 0.31 0.01 0.36 0.02 | 0.022
Albumin(g/L) 4254 | 047 39.97 | 0.57 | 0.001
LDH(U/L) 167.06 | 6.11 16244 | 3.93 | 0.526
CRP(mg/L) 779 1.86 14.21 1.94 | 0.018
CAR 0.21 0.06 041 0.06 | 0.0l6
CEA (ng/mL) 9525 | 67.75 | 7.72 1.6l 0.199
CAI25 (U/mL) 16 4.06 20.01 291 0.424
CAI99 (U/mL) 22652 | 116.64 | 93.76 | 36.05 | 0.279
AFP (ng/mL) 2.69 0.15 297 020 | 0273
2930 submit your manuscript
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Figure 4 Kaplan-Meier survival curves comparing the overall survival of the level of systemic inflammatory markers (NLR, PLR, MLR, CAR, GPS, and inflammation) in CRC
patients with different MMR status.
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dMMR can achieve an extended overall survival with
pembrolizumab treatment, which is a PD-1 inhibitor. The
result of the NICHE study suggested that neoadjuvant
ipilimumab (targeting cytotoxic T lymphocyte antigen 4,
CTLA4) plus nivolumab (targeting PD-1) in early-stage
colon cancer had amazing treatment effects. Contrarily,
most studies showed that patients with MSS/pMMR do
not benefit from the treatment of PD-1 inhibitor, single
drug, and combination with other therapy. We speculate
that gene expression differences may cause the different
responses of these two groups of patients to PD-1 inhibitor
treatment. To prove our hypothesis, we found one gene
chip contained in 16 patients with colorectal cancer with
dMMR and 54 patients CRC with pMMR from the GEO
database. Bioinformatics analysis has shown that com-
pared to pMMR patients, gene changes in patients with
CRC with dMMR were concentrated in chemokine-
mediated signaling pathway and inflammatory response.
Our result was consistent with data from Chaoran Yu’s
analysis that chemokine receptor binding was top-ranked
in biological processes, cellular components, and molecu-
lar function terms between MSI-H and MSS CRC
groups.'”

As is well known, chemokines are small peptides with
8-12 kDa, classified into four families, namely C, CC,
CXC, and CX3C, according to the number and spacing
of cysteine residues within their N-terminal regions. CC
and CXC families are the main components of chemo-
kines, and they perform the cellular effects by binding to
G-protein coupled cell-surface receptors. Several previous
studies suggested that leukocytes including neutrophils
and monocytes will express specific chemokine receptors,
and will migrate along a gradient of homologous chemo-
kine ligands to sites of infection or tissue damage.'""'* In
patients with tumors, it was also found that some chemo-
kines can mediate the migration of leukocytes to tumor
sites, and participate in the initiation and development of
tumor and anti-tumor effects.'® A recent study has shown
that chemotherapy-resistant breast cancer cells can secrete
high levels of chemokines, such as CXCR2 ligands, and
can recruit vast numbers of neutrophils to the tumor site,
which
Lymphocytes are essential cells in the process of tumor

induce  cancer-associated  inflammation.'*
immunity. The present study proved that lymphocyte could
be recruited through IL-6-regulated macrophage polariza-
CC-chemokine-ligand-20/CC-

chemokine-receptor-6."> Many studies have shown that

tion and chemokine

some immune cells including CD8+ tumor-infiltrating

lymphocytes (TILs), T helper 1 (TH1) CD4+ TILs and
macrophages are rich in tumors with MSI-H/dMMR com-
pared to other tumors.'®'” Flow cytometry experiment
demonstrated that the frequencies of cells expressing
CCR2, CCR4, CXCR3, and CXCRG6 differed significantly
between CD4+ and CD8+ T lymphocytes, which was
suggested that lymphocytes recruitment and transforma-
tion were controlled by potential chemokines and their
receptors.'® Platelets are also considered as immune cells
and affect all phases of immune responses.'® Platelets have
direct contact and secret soluble chemokines, such as
CD40L, CXCL4 and CCL5 to maintain homeostasis of
the immune environment.*® Similarly, other chemokines
such as CX3CL1/CX3CR1 and CCL2/CCR2 axes can
affect the function and migration ability of platelets.?'
According to the above analysis, the chemokine-mediated
signaling pathway can regulate neutrophils, monocytes,
lymphocytes, and platelets, respectively.

Due to the significant differences in chemokine-
mediated signaling pathway and inflammatory response
between patients with dMMR and pMMR CRC, it is
reasonable to believe that there may be some differences
in blood-cells related inflammatory markers between the
two populations. Previous research described the systemic
inflammation status and tumor immune cell infiltrates in
patients with dMMR CRC.?** In this study, the levels of
NLR, PLR, MLR were significantly elevated in patients
with dAMMR CRC. Some scholars found that inflammatory
reaction markers such as GPS and NPS were significantly
different between patients with MSI and MSS CRC.***
Consistently, our study also has shown that GPS, CRP, and
CAR were elevated in patients with dAMMR. Meanwhile,
the tumor markers including CEA, CA125, CA199, AFP,
and LDH were not different between the two populations.
Since immunotherapy is closely related to inflammation
response, we need more clinical and basic studies to con-
firm whether the increase of inflammatory markers in
patients with dAMMR CRC is associated with the benefit
of the PD-1 inhibitor.

However, most studies reported that inflammatory mar-
kers could predict the prognosis of patients with tumors. In
patients with resectable hepatocellular carcinoma (HCC),
high NLR and PLR were independent risk factors predict-
ing poor survival.?® In patients with CRC, low levels of
preoperative lymphocyte-CRP ratio is an independent
prognostic factor for both disease-free survival and overall
survival.”’ Patients with CRC with preoperative high NLR
and mGPS have worse OS; however, only elevated levels
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of NLR are associated with frequent recurrences.?®
A systematic review including 10,259 patients with CRC
demonstrated that elevated preoperative NLR was asso-
ciated with poor long-term survival in both patients with
localized CRC and those with liver metastasis.?’ However,
there are few studies on the prognostic effects of inflam-
matory markers in patients with CRC with different MMR
states. Kong et al found that patients with CRC with
dMMR were more likely to present a high level of NLR
and CAR. In addition, low levels of circulating blood
lymphocytes (<1.12x10°/L) predicted short OS and dis-
ease-free survival only in patients with dMMR CRC,
although not in those with pMMR CRC.* Our results
are concordant with this finding, and we explored the
prognostic role of additional systemic inflammatory mar-
kers in patients with CRC with different MMR statuses. In
patients with dMMR CRC, the elevated levels of PLR,
MLR, and CAR predicted short OS. Interestingly, there
was no significant difference between the OS in patients
with pMMR CRC and the different systemic inflammatory
markers, and this might be due to the limited period of the
follow-up. In other words, the prognostic effect of sys-
temic inflammatory markers on survival was more signifi-
cant in patients with dMMR CRC patients than those with
pMMR. About 20 years ago, some scholars noted that
there were leukocytes in tumor tissues.’® Correlation
between inflammation and tumorigenesis has been gradu-
ally identified.>’ Inflammation plays a critical role in all
phases of tumor development, not only the acceleration of
tumor cells’ proliferation and metastasis but also resis-
tance to cytotoxic drugs.>*>* Thus, we hypothesized that
there was a causal relationship between inflammation and
tumor prognosis in different genetic settings.

Conclusion

There were differences in gene expression between patients
with dAMMR CRC and pMMR, mainly focusing on the
chemokine-mediated signaling pathway and inflammatory
response. Clinical data analysis suggested that compared to
patients with pMMR, those with dAMMR CRC had elevated
systemic inflammatory markers including NLR, PLR, MLR,
CRP, and CAR. Interestingly, survival analysis has shown
that the prognostic effect of inflammatory markers on survi-
val was more pronounced in patients with dAMMR CRC.
However, due to potential limitations in this study, bias
was inevitable First, this was a single-center retrospective
trial. In addition, the sample size was relatively small, and

the follow-up time was short. Further mechanistic

assessments are required to determine whether the chemo-
kine-mediated signaling pathway or the increase of inflam-
matory markers in patients with dMMR CRC is associated
with the benefit of the PD-1 inhibitor.
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