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Abstract. Background/Aim: This study aimed to analyze the
correlation between microsatellite instability (MSI) and
inflammatory markers during neoadjuvant CRT in rectal
cancer and its influence on prognosis. Patients and Methods:
A total of 549 patients with locally advanced rectal cancer
underwent neoadjuvant CRT. Complete blood counts before
CRT, and 4-8 weeks after CRT were used to measure
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR). Results: MSI was significantly
associated with elevated NLR and PLR after CRT as well as
with a change in NLR and PLR during CRT. Neither
inflammatory markers nor MSI significantly related to
survival. However, in patients with MSI, an increase in NLR
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and PLR before CRT was significantly correlated with poor
overall survival and disease-free survival. Conclusion: There
is correlation between inflammatory markers and MSI
during CRT and it influences prognosis. Therefore,
inflammatory markers might have a role in assessing the
microenvironment related to MSI and the immunologic
response in rectal cancer.

Chemotherapy and radiotherapy have the potential to re-
program the tumor microenvironment and induce
immunostimulatory effects, possibly by encouraging tumor
antigen-specific immune response (1). In rectal cancer,
neoadjuvant chemoradiotherapy (CRT) has been widely used
in patients with locally advanced rectal cancer. We have
previously reported that inflammatory markers including a
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) can be used as a predictive marker
of treatment response after neoajduvant CRT (2). In previous
studies, inflammatory markers have been shown to have a
direct correlation with the intra-tumoral levels of granulocyte
myeloid-derived suppressor cells and regulatory T cells (3,
4), which can suppress anti-tumor immune reaction (1).
Furthermore, the inflammatory markers have been recently
found to predict the response of immunotherapy (5, 6).
Microsatellite instability (MSI) is one of the well-known
immunologic markers in colorectal cancer, which tends to
induce hyper-mutation and exhibit peri-tumoral immune cell
infiltration/activation closely related to the change in tumor
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Table 1. Patient characteristics (N=549).

Table II. Comparison of clinical factors between MSS vs. MSI.

Factors N (%)
Gender Female 149 27.1
Male 400 73.0
Age, yr, median (range) 61 (28-86)
Distance from anal verge >5 cm 238 434
<5cm 311 56.6
CEA >5 ng/ml 388 70.6
<5 ng/ml 161 294
cT 1-2 26 4.7
3 505 92.0
4 18 33
cN Negative 78 14.2
Positive 471 85.8
Radiation dose Median (range) 504 (50.4-55.8)
Chemotherapy 5-FU 179 32,6
Capecitabine 359 654
FOLFOX 3 0.5
Others 8 1.5
Type of surgery LAR 482 87.8
APR 65 11.8
Transanal excision 2 0.4
Pathology Adenocarcinoma 537 97.8
Mucinous 12 22
Resection margin Negative 522 95.1
Positive 27 49
Tumor regression 1-2 471 85.8
grade (Dworak’s) 3-4 78 14.2
ypT Tis 19 3.6
1 29 53
2 153 28.2
3 338 62.2
4 4 0.7
ypN 0 352 64.1
1 150 273
2 45 82
X 2 04
LI Yes 485 88.8
No 64 112
VI Yes 501 91.2
No 48 8.8
PNI Yes 425 774
No 124 22.6
MSI MSI-H 37 6.7
MSI-L/MSS 512 933
Variables Median (Range)
Pre-CRT NLR 20 (0.2~9.2)
Post-CRT NLR 29 (0.9~32.0)
Change of NLR 0.46 (-0.74~1.30)
Pre-CRT PLR 130.7 (19.6~347.1)
Post-CRT PLR 198.8 (40.5~526.7)
Change of PLR 0.52 (-0.79~6.10)

Values in parentheses are percentages unless indicated otherwise. SD:
Standard deviation; CEA: carcinoembryonic antigen; 3D-CRT: three-
dimension conformal radiotherapy; Gy: gray; LAR: low anterior
resection; APR: abdominoperineal resection; ULAR: ultra-low anterior
resection; LI: lymphatic invasion; VI: venous invasion; PNI: perineural
invasion; NLR: Neutrophil to lymphocyte ratio; MSI: microsatellite
instability; MSI-H: high-degree microsatellite instability; MSI-L: low-
degree microsatellite instability; MSS: microsatellite stability; CRT:
chemoradiotherapy; NLR: neutrophil-to-lymphocyte ratio; PLR:
platelet-to-lymphocyte ratio.
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Factor MSS MSI p-Value
N=512 N=37
Age
<60 244 (47.7%) 17 (459%) 0.840
>60 268 (52.3%) 20 (54.1%)
Gender
Female 137 (26.8%) 12 (32.4%) 0.450
Male 375 (73.2%) 25 (67.6%)
AV
=5 cm 228 (44.5%) 10 (27.0%) 0.060
<5 cm 284 (55.5%) 27 (73.0%)
cT
TI1-2 25 (4.9%) 1(2.7%) 0.430
T3 469 (91.6%) 36 (97.3%)
T4 18 (3.5%) 0 (0.0%)
Clinical node involvement
Negative 73 (14.3%) 5(13.9%)  0.900
Positive 439 (85.7%) 32 (86.5%)
CEA
>5 ng/ml 361 (70.5) 27 (73.0) 0.830
<5 ng/ml 151 (29.5) 10 (27.0)
Surgery
LAR 446 (87.0%) 32 (87.0%) 0.200
APR 64 (12.3%) 5 (13.0%)
TAE 2 (0.7%) 0 (0.0%)
Pathology
Adenocarcinoma 501 (97.9%) 35(94.7%) 0.470
Etc 11 (2.1%) 2 (5.4%)
Resection margin
Negative 489 (95.5%) 33 (91.7%) 0.290
Positive 23 (4.5%) 4 (10.8%)
Tumor regression grade
1-2 440 (85.9%) 28 (75.7%) 0.089
34 72 (14.1%) 9 (24.3%)
Lymphatic invasion
No 453 (88.5%) 33 (89.2%) 0.940
Yes 59 (11.5%) 4 (10.8%)
Vascular invasion
No 468 (91.4%) 34 (91.9%) 0.920
Yes 44 (8.6%) 3 (8.1%)
Perineural invasion
No 398 (77.7%) 27 (73.0%) 0.510
Yes 114 (22.3%) 10 (27.0%)
ypT
0-2 183 (35.6%) 16 (43.2%) 0.360
3-4 329 (64.4%) 21 (55.8%)
ypN
Negative 382 (74.6%) 27 (73.0%) 0.800
Positive 130 (25.4%) 10 (27.0%)
Inflammatory MSS, median MSI, median
markers (range) (range)
Pre-CRT NLR 2.0 (0.2~9.2) 1.9 (0.9~4.9) 0.590
Post-CRT NLR 2.9 (0.9~32.1) 3.7 (1.3~15.2) 0.004
Change of NLR 0.44 (-0.7~1.301)  0.68 (-0.24~7.87) 0.011
Pre-CRT PLR 132.1 (19.6~347.1) 120.3 (20.4~338.3) 0.510
Post-CRT PLR 192.5 (44.7~353.1) 249.6 (40.5~526.7)  0.001
Change of PLR 0.49 (-.79~6.10)  0.99 (-0.06~5.61) 0.001

Values in parentheses are percentages unless indicated otherwise. MSS:
Microsatellite stability or low-degree microsatellite instability; MSI:
High-degree microsatellite instability; CEA: carcinoembryonic antigen;
CRT: chemoradiotherapy; NLR: neutrophil to lymphocyte ratio; PLR:
platelet to lymphocyte ratio.
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Table III. Survival analysis.

Factor Factor N (N} DFS
5yr p-Value* HRT, 95%CI 5yr p-Value* HRT, 95%CI
Gender Female 149 86.5 0.713 - 73.7 0.595 -
Male 400 874 72.9
Age <60 261 92.1 0.067 - 76.3 0.202 -
>60 288 832 70.3
AV >5 cm 238 88.7 0.481 - 753 0.937 -
<5cm 311 86.5 71.6
cT T1-2 26 95.8 0.144 - 90.1 0.116 -
T3-4 523 86.9 722
Clinical node No 78 91.7 0.389 - 83.1 0.059 -
positive Yes 471 96.7 714
Pre-treatment CEA <50 388 88.9 0.054 1.376 76.8 0.014 1.407
>5.0 161 83.8 (0.895-2.145) 64.1 (0.991-1.979)
Tumor regression
(Dworak grade) 1-2 471 86.5 0.067 - 722 0.162 -
3-4 78 95.1 78.5
Resection margin Negative 522 88.4 0.002 1.907 74.3 0.002 1.632
Positive 27 65.4 (0.899-4.042) 48.4 (0.886-3.004)
ypT 0-2 201 91.1 0.018 1.135 77.9 0.004 1.135
3-4 342 854 (0.865-1.488) 70.3 (0.865-1.488)
ypN 0 352 913 <0.001 2.024 78.9 <0.001 2.031
1-2 195 73.9 (1.273-3.219) 55.0 (1.413-2.918)
LI No 485 87.9 0.321 - 73.6 0.664 -
Yes 64 833 70.1
VI No 510 88.2 0.087 - 73.7 0.202 -
Yes 48 78.2 66.3
PNI No 425 90.5 0.001 1.672 76.3 <0.001 1.597
Yes 124 75.7 (1.052-2.658) 62.1 (1.103-2.314)
MSI MSS or MSI-L 512 88.0 0911 - 729 0.847 -
MSI-H 37 79.6 76.4
Pre-CRT NLR <20 293 86.3 0.572 - 73.0 0.516 -
>2.0 254 832 714
Post-CRT NLR <29 272 89.7 0.652 - 73.7 0.977 -
>29 277 85.1 71.5
Change of NLR <0.46 276 88.7 0.460 - 752 0.160 -
>0.46 23 86.1 759
Pre-CRT PLR <130.7 274 89.3 0472 - 72.8 0.981 -
>130.7 275 85.5 735
Post-CRT PLR <198.8 272 88.8 0.528 - 74.0 0.463 -
>198.8 277 85.8 72.3
Change of PLR <0.52 276 89.0 0.834 - 742 0.515 -
>0.52 273 85.7 72.1

*Log-rank test;TCox regression analysis; HR: hazard ratio; CI: confidence interval; OS: overall survival; DFS: disease-free survival; AV: anal verge;
CEA: carcinoembryonic antigen; LI: lymphatic invasion; VI: venous invasion; PNI: perineural invasion; MSI: microsatellite instability; MSI-H:
high-degree microsatellite instability; MSI-L: low-degree microsatellite instability; MSS: microsatellite stability; CRT: chemoradiotherapy; NLR:

neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

microenvironment (7). Furthermore, MSI in colorectal cancer
has been found to be predictive of poor response to 5-
fluorouracil based chemotherapy and better response to
immunotherapy such as checkpoint inhibitors (8, 9). As an
immunogenic tumor, the anti-tumor immunity and pro-
tumoral inflammation microenvironment plays an essential
role in immunotherapy in colorectal cancer with MSI (7-9).

Based on previous findings, we hypothesized that MSI
status could affect the immunologic status in rectal cancer
during CRT and might lead to changes in the inflammatory
markers and its prognosis. Although neoadjuvant CRT is part
of the standard care in rectal cancer, it has not been studied
whether MSI as a representative of microenvironments
related to the dynamics and prognostic value of
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inflammatory markers. Thus, in the present study, we aimed
to analyze the correlation between the MSI and inflammatory
markers during neoadjuvant CRT in rectal cancer and its
influence on prognosis.

Patients and Methods

Patients. The present study was approved by the Institutional
Ethical Review Board of the Seoul National University Bundang
Hospital (IRB no. B-1807-478-106) and Seoul National University
Hospital (IRB no. J-2001-054-1093). We retrospectively reviewed
the medical records of patients with rectal cancer who underwent
neoadjuvant CRT followed by surgery in the two affiliated tertiary
academic hospitals. The time of treatment for rectal cancer was
from January 2004 to August 2015 in Seoul National University
Bundang Hospital and from January 2004 to December 2011 in
Seoul National University Hospital. Inclusion criteria were as
follows: (i) Pathologically confirmed primary rectal cancer; (ii)
neoadjuvant CRT followed by surgery; (iii) serial complete blood
count (CBC) examination throughout CRT; (iv) immunologically
competent before and during CRT, including absolute neutrophil
count (ANC)>1,000/pl, white blood cell count (WBC) before and
during CRT, including absolute neutrophil count (ANC)>1,000/pl,
white blood cell count (WBC) between 4,000 and 10,000 pl; (v)
negative for hepatitis B virus antigen, anti-hepatitis C virus, anti-
human immunodeficiency virus, and venereal disease research
laboratory results before CRT. We excluded patients showing
complete regression in the surgical specimen, because the MSI
could not be evaluated. Patients were staged according to the
classification system of the American Joint Committee on Cancer
(7th edition) (10). The number of total eligible patients meeting the
inclusion criteria was 549.

Treatment. All patients underwent clinical examination, including
digital rectal examination, routine laboratory tests with
carcinoembryonic antigen (CEA) level, and colonoscopic
examination, computed tomography of the chest and abdomen-
pelvis, and rectal magnetic resonance imaging. The rectal cancer
was histologically confirmed before neoadjuvant CRT.

For neoadjuvant CRT, the median radiation dose was 50.4 Gy
(range=50.4-55.8 Gy) with conventional fractionations. Patients
were mainly treated with the combination of chemotherapy with
intravenous S-fluorouracil or capecitabine throughout the radiation
period. Following neoadjuvant CRT, all patients underwent curative
radical surgery 4 to 8 weeks after neoadjuvant CRT.

MSI status determination. The DNA was extracted from each paraffin
block after deparaffinization. To evaluate the MSI status, five quasi-
monomorphic mononucleotide markers (BAT-25, BAT-26, NR-21,
NR-24, and MONO-27) were coamplified in a single polymerase
chain reaction (11, 12). Samples with instability at two or more of the
five markers were classified as high-degree microsatellite instability
(MSI-H). In contrast, those with instability at one and no marker were
classified as low-degree microsatellite instability (MSI-L) and
microsatellite stability (MSS), respectively (11).

Blood test. CBC was performed throughout CRT. Laboratory index
values, including neutrophil counts, lymphocyte counts, and CEA,
were obtained for each patient before CRT (pre-CRT), and 4-6
weeks after CRT (post-CRT). NLR and PLR was calculated as the
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Table IV. Subgroup analysis according to microsatellite instability.

Microsatellite instability, high-grade

Factor Factor oS DFS
Syr p-Value Syr p-Value
Pre-CRT NLR <20 933 0.049 91.7 0.020
>2.0 654 65.3
Post-CRT NLR <29 90.9 0.069 90.0 0.091
>2.9 74.5 73.0
Change of NLR <0.46 923 0.133 91.7 0.137
>0.46 70.8 68.5
Pre-CRT PLR <130.7 88.2 0.043 85.9 0.047
>130.7 70.9 68.2
Post-CRT PLR <198.8 83.3 0.773 833 0.980
>198.8 79.6 78.1
Change of PLR <0.52 83.3 0.754 83.3 0.953
>0.52 79.5 774
Microsatellite stability or instability, low-grade
Factor Factor (N} DFS
Pre-CRT NLR <20 73.5 0.788 735 0.853
>2.0 724 724
Post-CRT NLR <29 72.5 0.898 72.5 0.587
>2.9 734 734
Change of NLR =<0.46 74.1 0.715 74.1 0.319
>0.46 71.6 71.6
Pre-CRT PLR <130.7 73.6 0.231 73.6 0.558
>130.7 723 72.3
Post-CRT PLR <198.8 73.7 0.527 73.7 0452
>198.8 72.0 72.0
Change of PLR =<0.52 73.5 0.960 73.5 0.666
>0.52 723 723

CRT: Chemoradiotherapy; NLR: Neutrophil-to-lymphocyte ratio; PLR:
platelet-to-lymphocyte ratio; OS: overall survival; DFS: disease-free
survival.

ratio of the neutrophil count and of the platelet count divided by the
lymphocyte count. The ratio of change in NLR (¢cNLR) and PLR
(cPLR) was calculated using the following formula: cNLR=(post-
CRT NLR-pre-CRT NLR)/pre-CRT NLR, cPLR=(post-CRT NLR—
pre-CRT NLR)/pre-CRT NLR.

Statistical analysis. The chi-square test was applied for categorical
variables, and Student’s #-test was applied for continuous variables.
Patients were divided into groups based on the median index value
of inflammatory markers. Overall survival (OS) and progression-
free survival (DFS) were calculated as the interval from the first
date of treatment to the date of death and to the date that
progression was detected, respectively. Survival curves were
generated using the Kaplan-Meier method, and univariate survival
comparison was performed using the log-rank test. Multivariate
survival comparison was performed using the Cox regression
analysis. A value of p<0.050 was considered statistically significant.
Analyses were performed using SPSS version 18 (SPSS Inc.,
Chicago, IL, USA).
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Figure 1. Disease-free survival according to inflammatory markers.

Results

The relationship between MSI and inflammatory markers.
Patient characteristics and NLR profiles are detailed in Table
I. The proportions of MSI-H and MSI-L/MSS were 6.7%
(n=37) and 93.3% (n=512), respectively. Compared with
MSI-L/MSS (Table II), MSI-H patients had significantly
higher post-CRT NLR, cNLR, post-CRT PLR, cPLR
(»=0.004, 0.011, 0.00, and 0.001, respectively), and a non-
significant trend for lower tumor location and better tumor
regression (p=0.060 and 0.089, respectively). Otherwise, no
statistical difference between the two groups was observed
in clinical factors, including tumor regression grade (p=0.360
and 0.720, respectively).

Analysis of prognostic factors. The analysis of survival
outcomes is shown in Table III. Resection margin (RM),
ypT, ypN, and perineural invasion (PNI) were significant
prognostic factors that correlated with OS (p=0.002, 0.018,
<0.001, and 0.001, respectively). Pre-treatment CEA, RM,
ypT, ypN, and PNI were significant prognostic factors for
DFS (p=0.014, 0.002, 0.004, <0.001, and <0.001,
respectively). MSI status and inflammation markers were not
significantly related to survival and disease control rate. In
multivariate analysis, ypN and perineural invasion (PNI) are
independently significant factors for OS and DFS.

Different prognostic effects of NLR according to MSI status.
In the subgroup of MSI-H, the increase of pre-CRT NLR and
PLR was significantly correlated with poor OS and DFS
(Table IV and Figure 1). However, in patients with MSI-
L/MSS, NLR and PLR had no prognostic effect on all
clinical endpoints. The distribution of significant factors in
prognostic analysis was compared between patient groups
dichotomized into pre-CRT NLR and PLR. Pre-treatment
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CEA, RM, ypT, ypN, and PNI, which were found to be
significant factors in the prognostic analysis, were not
statistically different between pre-CRT NLR and PLR.

Discussion

In this study, MSI-H patients demonstrated a significant
increase in NLR and PLR during CRT and high levels of
NLR and PLR after CRT, whereas the baselines of
inflammatory markers were not different according to MSI
status. A previous study has also shown that baseline NLR
in colorectal cancer was not significantly different according
to MSI status (13). However, to the best of our knowledge,
this is the first report to show the relationship between the
change of inflammatory markers and MSI during
neoadjuvant CRT for rectal cancer. Among the different
molecular subtypes of colorectal cancer, the MIS-immune
type tends to have hyper-mutation and be vulnerable to
immune infiltration and inflammation (7). The response of
rectal cancer to CRT can depend on the change of the
immunologic and inflammatory microenvironment during
CRT (14-16). The systemic inflammatory response can cause
alterations in circulating leukocytes, especially neutrophilia
and thrombophilia with a lymphopenia (17, 18), which can
be calculated as NLR and PLR. Therefore, our findings
indicate that changes in NLR and PLR might reflect the
dynamics of systemic inflammation and immune response
induced by CRT, especially in patients with MSI.

If the change in inflammatory markers can reflect the
degree of systemic inflammation and immune response
during CRT, the clinical utility of inflammatory markers can
be one of the predictive or prognostic markers of the
response to immunologic agents for rectal
Programmed cell death 1-blocking antibodies have improved
survival in patients with metastatic colorectal cancer with

cancer.
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MSI-H (9). However, there is weak background evidence
regarding the primary treatment of rectal cancer with
immunologic agents. Moreover, the big challenge of
immunotherapy is the absence of predictive markers for a
response, while only 10-20% of patients respond to
immunotherapy even in immunogenic tumors (1, 5, 6). The
close relationship between the change in inflammatory
markers during CRT and MSI in our study indicates that
inflammatory markers may reflect the immunologic change
induced by CRT. Previous studies have also confirmed that
inflammatory markers could be used as predictive markers
of the response to immunogenic agents in immunogenic
tumors such as renal cell carcinoma (5), and melanoma (6).

The prognostic effect of MSI and inflammatory markers
after CRT in rectal cancer is controversial. Previous studies
about the difference in clinical outcomes, according to MSI,
have shown conflicting results (19-22). Also, only a limited
number of studies have reported inconsistent data on the
potential role of inflammatory markers as a predictive factor
for survival (2, 23-26). We could not find any significant
prognostic effect of MSI or inflammatory markers in the
rectal cancer patients. Increased NLR or PLR caused by
neutrophilia, thrombophilia or lymphopenia denotes the
enhanced accumulation of immune-suppressive myeloid cells
and suppression of anti-tumor immunity. Our finding
indicating that inflammatory markers had a robust prognostic
effect only in MSI-H tumors support the conclusion that the
clinical impact of inflammatory markers can be augmented
in the immunogenic tumor such as MSI-H (27). Howard et
al. have also confirmed that the prognostic value of NLR is
heterogeneous among 18 cancer types and has the most
significant effect on prognosis in the melanoma, one of the
representative immunogenic tumors (28). Therefore, to refine
the clinical utility of NLR from the previous inconsistent
studies, research should focus on the role of inflammatory
markers in the context of immunogenic tumors and
immunotherapy.

The small sample size of MSI-H was the major limitation
of this study. However, the incidence of MSI-H is infrequent,
only about 2-8% in rectal cancer (19-22, 29). Among the
clinical studies dealing with this subject (19, 21, 22, 29), our
study included the largest number of MIS-H patients.
Although Hassan et al. (20) have collected 636 MSI-positive
patients through the National Cancer Database, they did not
discriminate ~ MSI-H  against MSI-L, which is
immunologically and clinically similar to MSS. Moreover,
our cohort comprised homogeneous patients treated at two
affiliated hospitals with consistent treatment guidelines
regarding CRT, surgery and pathological review techniques.
However, our study did not address whether MSI and
inflammatory markers can affect the immunologic response
to the combined strategies of standard CRT and
immunotherapy. This should be addressed in future studies
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(30). Moreover, detailed analysis of the microenvironments
and immune cells using specimens of rectal cancer can
highlight the clinical value of inflammatory markers to
predict the change between pro- and anti-tumoral immunity.

Conclusion

This study found a close correlation between inflammatory
markers and MSI during CRT and its influence on prognosis.
These findings suggest the potential role of inflammatory
markers in assessing the immunologic microenvironments
related to MSI and the immunologic response in rectal cancer.
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