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Systemic Inflammatory Response Following Preoperative
Chemoradiotherapy Can Affect Oncologic Outcomes in

MSI-H/dMMR Rectal Cancer

Hyukjin Choi" ", Jin Ho Baek" ', An Na Seo?, Su Yeon Park’, Hye Jin Kim®, Jun Seok Park®,

Gyu Seog Choi’, Jong Gwang Kim"*, and Byung Woog Kang"*

Departments of 'Oncology | Hematology, *Pathology, and *Surgery, Kyungpook National University Chilgok Hospital, School of Medicine,
Kyungpook National University, Kyungpook National University Cancer Research Institute, Daegu, Korea

Systemic inflammatory response (SIR) is a crucial determinant of disease progression
and survival in patients with colorectal cancer. This study investigated the prognostic
relevance of changes in the platelet count on survival and the predictive value of
changes in the platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio
(NLR) on the pathological tumor response to preoperative chemoradiotherapy (CRT)
in patients with microsatellite instability-high (MSI-H) rectal cancer. From 2011 to
2022, data of 46 consecutive patients with MSI-H rectal cancer who were treated with
preoperative CRT followed by curative surgery at Kyungpook National University
Chilgok Hospital (Daegu, South Korea) were retrospectively analyzed. A 235 cut-off
value was used to define whether PLR was high or low. Any change in the PLR or NLR
was calculated on the basis of subtracting the pre-CRT PLR or NLR from the post-CRT
values. Both pre-CRT and post-CRT values of the NLR and PLR were not significantly
associated with clinical outcomes. Simple logistic regression analysis showed that a
change in the PLR following CRT was not significantly associated with survival out-
comes; however, patients who maintained a high change in the PLR following CRT
showed significantly better pathologic T-stage. No statistically significant association
was noted between changes in the platelet count and clinical outcomes of patients. The
results suggested that changes in the PLR following CRT are associated with pathologic
T-stage of the group. However, the SIR markers showed no prognostic values on the
survival outcomes of the patients with MSI-H/mismatch repair-deficient (AMMR) lo-
cally advanced rectal cancer (LARC).
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INTRODUCTION

Preoperative chemoradiotherapy (CRT) followed by to-
tal mesorectal excision (TME) is the standard treatment
for locally advanced rectal cancer (LARC).' However, a ma-
jor limitation of this strategy is the poor impact on distant
control, with metastasis rates remaining between 25% and
35%.% In this situation, single-agent programmed death 1
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blockade was remarkably effective in microsatellite in-
stability-high (MSI-H)/mismatch repair-deficient (dAMMR)
in LARC, providing a clinical complete response in all 12
patients.’

MSTI is a molecular marker of a defective function of the
DNA MMR system that results in the accumulation of in-
sertion or deletion mutations within microsatellite DNA
regions.* dMMR or MSI-H tumors are well known to exhibit
a high tumor mutation burden, neoantigen load and im-
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mune infiltration, thereby making them well to immune
checkpoint inhibitors (ICIs) in colorectal cancer (CRC).>®
Among all patients diagnosed with rectal cancer, AIMMR
or MSI-H tumors account for approximately 3% of the
population. Therefore, the identification of immune re-
sponse related biomarkers is essential for facilitating pa-
tient selection and increasing the clinical benefit from a
novel treatment including ICIs in rectal cancer.”®

Laboratory parameters reflecting systemic inflamma-
tion are relatively economical to evaluate, easily meas-
urable, repeatable, and ready to use in daily clinical prac-
tice.” There is increasing evidence that the neutrophil to
lymphocyte ratio (NLR) and platelet to lymphocyte ratio
(PLR) can be effective prognostic indicators for various ma-
lignant tumors.'”"" Particularly, a high NLR has been re-
ported as an indicator of poor clinical outcomes in patients
with LARC." Additionally, the PLR has been correlated
with the progression of CRC, and changes in the platelet
count following chemotherapy were recently reported as a
potential biomarker evaluating response."” However, the
prognostic impact of the NLR and PLR in patients with
dMMR or MSI-H rectal cancer has not yet been inves-
tigated.

Accordingly, this study aimed at investigating the asso-
ciation between the NLR and PLR and changes in the plate-
let count following CRT with clinical outcomes in patients
with dMMR or MSI-H LARC.

MATERIALS AND METHODS

1. Patient eligibility

This retrospective study included 46 patients with patho-
logically confirmed, locally advanced dMMR or MSI-H rec-
tal adenocarcinoma. The participants completed preope-
rative CRT and underwent radical resection between
January 2011 and January 2023 at Kyungpook National
University Chilgok Hospital (KNUCH) (Daegu, Korea).

Total colonoscopy, computed tomography (CT), pelvic
magnetic resonance imaging, and whole-body positron
emission tomography/CT according to the tumor, node, and
metastasis (TNM) staging system, eighth edition, 2018
(AJCC, 2018) were performed to assess clinical staging."*
Measurements of neutrophil, lymphocyte, and platelet
counts and serum carcinoembryonic antigen and carbohy-
drate antigen 19-9 concentrations were performed before
and after CRT. The CRT consisted of 45 Gy delivered in 25
daily fractions over 5 weeks either with concurrent 5-fluo-
rouracil (400 mg/m®) and leucovorin (20 mg/m®) on days 1-4
and 29-32, or with concurrent oral administration of cape-
citabine (825 mg/m” twice daily) for 25 days. The TME was
performed 6-8 weeks following CRT completion. This study
was approved by the Institutional Review Board of
KNUCH.

2. MSI analysis

Tumor tissue samples were obtained from each patient
during surgery. Laboratory analysis was subsequently
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performed at KNUCH, wherein the DNA extracted from
each sample was amplified by polymerase chain reaction,
and MSI testing was performed on the basis of five mono-
nucleotide locus markers proposed by the National Cancer
Institute.” Using capillary electrophoresis, the samples
showing instability at the two most sensitive markers
(BAT25 and BAT26) among the five-marker panel were
classified as exhibiting MSI-H. Additionally, a tumor sam-
ple was classified as MSI-L if one locus showed instability
and MSI-S if all the loci were stable. Moreover, mismatch
repair status was determined locally by immunohisto-
chemistry analysis of the mismatch repair proteins MLH1,
MSH2, MSH6, and PMS2; mismatch repair deficiency was
defined as an absent expression of one or more of these
proteins.

3. Definition of laboratory parameters

Peripheral blood samples were obtained from the pa-
tients during their first visit to the clinic (pre-CRT) and 2-4
weeks before surgery (post-CRT). For the platelet count, a
cut-off value of 370x10%uL was selected according to a pre-
vious study;'® any changes in platelet counts were calcu-
lated by subtracting pre-CRT values from the post-CRT
values. According to our previous study, the NLR was clas-
sified into the following two categories: low <5 or high >5.
When calculating the PLR, PLR >235 was defined as
high."” Any changes in the NLR or PLR were determined
as follows: pre-CRT NLR or PLR minus post-CRT NLR or
PLR.

4, Statistical analysis

Statistical analyses were performed using R statistical
software 4.3.1 (the R Foundation for Statistical Computing,
Vienna, Austria, available at http://www.r-project.org).
Disease-free survival (DFS) was calculated as the time
from diagnosis to disease recurrence. Overall survival (OS)
was defined as the date from diagnosis until death from any
cause. Student’s t-test and a chi-square test were both ap-
plied to qualitative variables. The survival analysis used
the Kaplan-Meier method with a log rank test. Two-sided
p-values of <0.05 were considered statistically significant.

RESULTS

1. Patient characteristics

The baseline clinical characteristics and laboratory find-
ings are summarized in Table 1. The median age of the pa-
tients was 60 (range, 24-84); the percentages of male and
female patients were 87% and 13%, respectively. The fol-
lowing were the clinical stages before CRT: stage II (n=10,
21.7%) and stage I1I (n=36, 78.3%). Forty-two (91.3%) and
thirty-seven (80.4%) patients had high initial NLR and
PLR, respectively. Among the 46 patients, 10 (21.7%) expe-
rienced recurrence following CRT followed by surgical
resection.



TABLE 1. Patient characteristics (n=46)

Factor Subgroup n (%)
Age <65 years 30 (65.2)
>65 years 16 (34.8)
Sex Male 40 (87.0)
Female 6 (13.0)
Clinical T-stage T2 1(2.2)
T3 36 (78.3)
T4 9 (19.5)
Clinical TNM 1II 10 (21.7)
II1 36 (78.3)
CEA <5 ng/mL 34 (73.9)
>5 ng/mL 12 (26.1)
CA19-9 <37 U/mL 37 (80.4)
>37 U/mL 9 (19.6)
Initial NLR <5 42 (91.3)
=5 4(8.7)
Initial PLR <235 37(80.4)
>235 9(19.6)
Post-CRT NLR <5 36 (78.3)
>5 10 (21.7)
Post-CRT PLR <235 28 (60.9)
>235 18 (39.1)
TRG (JCO) 1 6 (13.0)
2 8(17.4)
3 32 (69.6)
Pathological T T1 2(4.3)
T2 6 (13.0)
T3 38 (82.6)
Pathological TNM I 8(17.4)
I 23 (50.0)
11 15 (32.6)
Pathological response Good 8(17.4)
Poor 38 (82.6)
Recurrence 10 (21.7)
Death 12 (26.1)

CEA: carcinoembryonic antigen, CA19-9: carbohydrate antigen
19-9, NLR: neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lym-
phocyte ratio, CRT: chemoradiotherapy, TNM: the tumor, node,
and metastasis, Good: pT1 and pT2, Poor: pT3 or node-positive,
TRG: tumor regression grade, JCO: Journal of Clinical Oncology.

2. Pre-CRT NLR/PLR and clinical outcomes

A comparison between the clinicopathological charac-
teristics of each group is presented in Table 2. High initial
NLR and PLR were not significantly associated with clin-
ical outcomes. Patients in the high NLR and PLR groups
did not show differences in pathologic stage, tumor re-
gression grade (TRG), and the rates of recurrence or death.
However, the patients with high initial NLR had a ten-
dency to experience better TRG status following CRT fol-
lowed by surgery (p=0.05). Moreover, the group with high
initial PLR had comparably lower TRG scores (p=0.096).
However, the post-CRT NLR and PLR values were not as-
sociated with any clinical outcomes.
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3. PLR changes and tumor response following CRT

The patients were categorized into two groups using a
cut-off value of 115 (pre-CRT PLR subtracted by post-CRT
PLR, low <115 and high >115) (Table 3). The patients
with high PLR change showed a statistically significant as-
sociation with pathologic T-stage (p=0.015) but not with
TRG status (p=0.645) and recurrence rate (p=1.000). No
significant correlation was observed between PLR change
and pathologic TNM (p=0.099). Univariate analysis in-
dicated that patients’ DFS and OS (DF'S, p=0.8; OS, p=0.8)
were not significantly different between the two groups
(Fig. 1).

4. Association of changes in the platelet count with clinical

outcomes

The patients were categorized into three groups on the
basis of their pre- and post-CRT platelet counts with a
cut-off of value 370x10%uL: low pre-CRT count, regardless
of the post-CRT count (group A); high pre-CRT count and
low post-CRT count (group B); and high pre-CRT and
post-CRT count (group C) (Table 4). No statistically sig-
nificant association was noted between changes in the pla-
telet count and clinical outcomes of patients in the three
groups. In the univariate analysis, the changes in the plate-
let count were not significantly related with patients’ DF'S
and OS (DFS, p=0.32; OS, p=0.45, Fig. 2).

DISCUSSION

This study investigated the prognostic values of
blood-based systemic inflammatory response (SIR) mark-
ers including the NLR, PLR, and changes in the platelet
count in patients with d-MMR/MSI-H LARC, and identi-
fied that the PLR changes following CRT were significantly
associated with pathologic T-stage. However, the SIR
markers were not associated with survival in these patient
groups.

Recognized as inflammation and homeostasis regu-
lators, high neutrophil and platelet counts play a key role
in inducing angiogenesis, facilitating tumor cell ex-
travasation, and motivating metastatic spreading.'®"® In
contrast, lymphocytes act as suppressors of the prolifera-
tion and spread of cancer cells through their cytotoxic activ-
ity and anti-tumor cytokine production. Based on this
background, previous studies have investigated the possi-
bility of SIR markers as effective prognostic markers and
predictive indicators.***" In various types of malignancies,
a high NLR and PLR resulted in worse OS and DFS.***
Furthermore, our previous study has reported that a high
PLR change was a significant independent predictive mark-
er of good responses to CRT in LARC." However, results
have been inconsistent across several studies, and a retro-
spective study conducted by An et al.* observed that nei-
ther PLR nor NLR was associated with 5-year DFS in pa-
tients with LARC who received neoadjuvant CRT followed
by curative resection. Furthermore, there remains insuf-
ficient evaluation of SIR in patients with MSI-H/dMMR.
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TABLE 2. Association between clinicopathological features and the NLR and PLR

NLR PLR Post CRT NLR Post CRT PLR
Factor
Low High Low High Low High Low High
Sex
Male 36 (85.7) 4 (100.0) 32 (86.5) 8(88.9) 32 (88.9) 8(80.0) 26 (92.9) 14 (77.8)
Female 6(14.3) 0(0.0) 5(13.5) 1(11.1D) 4(11.1) 2(20.0) 2(7.1) 4(22.2)
p-value 0.973 1.000 0.835 0.301
CEA
<5 ng/mL 31 (73.8) 2(50.0) 26 (70.3) 7(77.8) 24 (66.7) 9(90.0) 19 (67.9) 14 (77.8)
>5 ng/mL 11 (26.2) 2(50.0) 11 (29.7) 2(22.2) 12 (33.3) 1(10.0) 9(32.1) 4(22.2)
p-value 0.668 0.971 0.292 0.694
CA19-9
<37 U/mL 35 (83.3) 2 (50.0) 31 (83.8) 6 (66.7) 28 (77.8) 9(90.0) 23 (82.1) 14 (77.8)
>37 U/mL 7(16.7) 2(50.0) 6(16.2) 3(33.3) 8(22.2) 1(10.0) 5(17.9) 4(22.2)
p-value 0.344 0.489 0.681 1.000
Clinical TNM
I 9(21.4) 1(25.0) 9(24.3) 1(11.1) 10 (27.8) 0(0.0) 7 (25.0) 3(16.7)
111 33 (78.6) 3(75.0) 28 (75.7) 8(88.9) 26 (72.2) 10(100.0) 21(75.0) 15 (83.3)
p-value 1.000 0.681 0.147 0.762
TRG (JCO)
1 4(9.5) 2(50.0) 3(8.1) 3(33.3) 4(11.1) 2(20.0) 3(10.7) 3(16.7)
2 7(16.7) 1(25.0) 6(16.2) 2(22.2) 7(19.4) 1(10.0) 6(21.4) 2(11.1)
3 31(73.8) 1(25.0) 28 (75.7) 4(44.4) 25 (69.4) 7 (70.0) 19 (67.9) 13 (72.2)
p-value 0.05 0.096 0.645 0.607
Pathologic T-stage
T1 2(4.8) 0(0.0) 2(5.4) 0(0.0) 1(2.8) 1(10.0) 0(0.0) 2(11.1)
T2 5(11.9) 1(25.0) 5(13.5) 1(11.1) 5(13.9) 1(10.0) 3(10.7) 3(16.7)
T3 35 (83.3) 3 (75.0) 30 (81.1) 8(88.9) 30 (83.3) 8(80.0) 25 (89.3) 13 (72.2)
p-value 0.704 0.751 0.594 0.150
Pathologic TNM
I 7 (16.7) 1(25.0) 7 (18.9) 1(11.1) 6 (16.7) 2(20.0) 3(10.7) 5(27.8)
1I 21 (50.0) 2(50.0) 19 (51.4) 4(44.4) 18 (50.0) 5(50.0) 13 (46.4) 10 (55.6)
111 14 (33.3) 1(25.0) 11 (29.7) 4(44.4) 12 (33.3) 3(30.0) 12 (42.9) 3(16.7)
p-value 0.894 1.000 0.962 1.000
Recurrence
No 34 (81.0) 2(50.0) 31 (83.8) 5(55.6) 29 (80.6) 7 (70.0) 21 (75.0) 15 (83.3)
Yes 8(19.0) 2 (50.0) 6(16.2) 4(44.4) 7(19.4) 3(30.0) 7(25.0) 3(16.7)
p-value 0.424 0.164 0.777 0.762
Death
No 31(73.8) 3 (75.0) 28 (75.7) 6 (66.7) 26 (72.2) 8(80.0) 18 (64.3) 16 (88.9)
Yes 11 (26.2) 1(25.0) 9(24.3) 3(33.3) 10 (27.8) 2(20.0) 10 (35.7) 2(11.1)
p-value 1.000 0.898 0.929 0.131

CRT: chemoradiotherapy, CEA: carcinoembryonic antigen, CA19-9: carbohydrate antigen 19-9, NLR: neutrophil-to-lymphocyte ratio,
PLR: Platelet-to-lymphocyte ratio, TNM: the tumor, node, and metastasis, TRG: tumor regression grade, JCO: Journal of Clinical

Oncology.

Recent findings provided by Corti et al.” reported that an
immune-inflammatory blood-based biomarker had an in-
dependent role in patients with MSI-H/dMMR metastatic
CRC receiving ICIs. Considering the very small number of
patients with MSI-H/dMMR, the current findings may pro-
vide meaningful information for this subgroup, that is, SIR
exhibits a host cellular immune response against tumors.”

The current study showed that changes in the PLR fol-
lowing CRT were predictive or prognostic indicators of the
pathological tumor response to preoperative CRT. Platelet
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is significant hematologic component maintaining homeo-
stasis and the tissue repair system; previous studies have
demonstrated that initial thrombocytosis is considered a
factor predicting poor pathological tumor regression and
shorter recurrence-free survival in CRC."”*" In the present
study, the pathologic T-stage was significantly related
with a change in the PLR following preoperative CRT. For
example, the patient group that maintained a low PLR
change had advanced pathologic T-stage (T3: 88.9% vs.
60.0%) compared with the group with a high PLR change
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TABLE 3. Association of changes in the platelet count with clinical outcomes in patients categorized using a cut-off value of 370x10%/uL:
low pre-CRT count, regardless of the post-CRT count (group A); high pre-CRT count and low post-CRT count (group B) and high pre-CRT
and post-CRT count (group C)

Factor Group A (n=36) Group B (n=8) Group C (n=2) p-value

Clinical TNM

I 10 (27.8) 0(0.0) 0(0.0)

111 26 (72.2) 8(100.0) 2(100.0) 0.170
TRG (JCO)

1 5(13.9) 0(0.0) 1(50.0)

2 6 (16.7) 1(12.5) 1(50.0)

3 25 (69.4) 7 (87.5) 0(0.0) 0.180
Pathologic T-stage

T1 2 (5.6) 0(0.0) 0 (0.0)

T2 4(11.1 2(25.0) 0(0.0)

T3 30 (83.3) 6 (75.0) 0(0.0) 0.749
Pathologic TNM

I 6 (16.7) 2(25.0) 0(0.0)

I 17 (47.2) 4 (50.0) 2 (100.0)

111 13 (36.1) 2(25.0) 0(0.0) 0.625
Recurrence

No 28 (77.8) 7 (87.5) 1(50.0)

Yes 8 (22.2) 1(12.5) 1(50.0) 0.510
Death

No 25 (69.4) 7 (87.5) 2 (100.0)

Yes 11 (30.6) 1(12.5) 0(0.0) 0.398
CEA

<5 ng/mL 23 (63.9) 8 (100.0) 2 (100.0)

>5 ng/mL 13 (36.1) 0(0.0) 0(0.0) 0.081
CA19-9

<387 U/mL 29 (80.6) 6 (75.0) 2 (100.0)

>37 U/mL 7(19.4) 2(25.0) 0(0.0) 0.727

CRT: chemoradiotherapy, CEA: carcinoembryonic antigen, CA19-9: carbohydrate antigen 19-9, TNM: the tumor, node, and metastasis,
TRG: tumor regression grade, JCO: Journal of Clinical Oncology.
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FIG. 1. Kaplan-Meier cumulative disease-free (DFS) (A) and overall (OS) (B) survival curves according to changes in the platelet count.
Patients are divided using a platelet count cut-off value of 370x10%pL: low pre-chemoradiotherapy (CRT) count, regardless of the
post-CRT count (group A); high pre-CRT count and low post-CRT count (group B); and high pre-CRT and post-CRT count (group C).
(A) The 5-year DF'S for group A is 66.7% versus 87.5% in group B versus 50.0% in group C (p=0.423). (B) The 5-year OS group A is 83.3%
versus 87.5% in group B versus 100.0% in group C (p=0.793).
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TABLE 4. Relationship between clinicopathological characteristics and PLR changes following CRT

PLR changes, n (%)

Factor Subgroup p-value
Low (<115) High (=115)

Age <65 years 21 (58.3) 9(90.0)

65 years 15 (41.7) 1(10.0) 0.138
Sex Male 31(86.1) 9 (90.0)

Female 5(13.9) 1(10.0) 1.000
Clinical TNM I 8 (22.2) 2(20.0)

111 28 (77.8) 8 (80.0) 1.000
TRG (JCO) 1 4(11.1 2(20.0)

2 7(19.4) 1(10.0)

3 25 (69.4) 7(70.0) 0.645
Pathologic T-stage T1 2 (5.6) 0(0.0)

T2 2(5.6) 4 (40.0)

T3 32 (88.9) 6 (60.0) 0.015
Pathologic TNM I 4(11.1) 4 (40.0)

II 19 (52.8) 4 (40.0)

11 13 (36.1) 2(20.0) 0.099
Recurrence No 28 (77.8) 8 (80.0)

Yes 8(22.2) 2(20.0) 1.000
Death No 26 (72.2) 8(80.0)

Yes 10 (27.8) 2 (80.0) 0.929
CEA <5 ng/mL 25 (69.4) 8 (80.0)

>5 ng/mL 11 (30.6) 2 (80.0) 0.796
CA19-9 <37 U/mL 28 (77.8) 9 (90.0)

>37 U/mL 8(22.2) 1(10.0) 0.681
NLR <5 32 (88.9) 10 (100.0)

>5 4(11.D 0(0.0) 0.639

CRT: chemoradiotherapy, CEA: carcinoembryonic antigen, CA19-9: carbohydrate antigen 19-9, PLR: Platelet-to-lymphocyte ratio,
NLR: neutrophil-to-lymphocyte ratio, TNM: the tumor, node, and metastasis, TRG: tumor regression grade, JCO: Journal of Clinical

Oncology.
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FIG. 2. Kaplan-Meier cumulative disease-free (DF'S) (A) and overall (OS) (B) survival curves according to changes in the platelet-to-lym-
phocyte ratio (PLR). Patients are categorized using a cut-off value of 115 into low (< 115) and high (=115) changes following chemo-
radiotherapy (CRT). (A) The 5-year DFS for those with low PLR change is 69.4% versus 70.0% for those with high PLR change (p=
1.000). (B) The 5-year OS for those with low PLR change is 86.1% versus 80.0% for those with high PLR change (p=1.000).

following CRT. This is consistent with a previous study,
wherein the PLR was identified as an independent factor
of the T-stage of the patients with CRC.”® It is well known
that down-staging provided better oncologic outcomes in
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terms of disease-free survival and local recurrence in lo-
cally advanced rectal cancer patients.” Thus, a more suit-
able treatment with TNT or ICIs is needed to improve onco-
logical outcomes in these low PLR change group. Mean-



while, a retrospective study of individuals in a Chinese pop-
ulation by Liu et al.*® reported that MSI-H showed com-
parably low platelet volume and reduced platelet glyco-
protein. These findings point to the possibility of platelet
or the PLR as a biomarker in MSI-H/dMMR tumors, sug-
gesting that platelet could be involved in immune response
by incorporating into multiple significant cellular path-
ways.

This study had some limitations. First, although the cur-
rent study had a homogeneous ethnicity and equivalent
treatment application, the sample size of 46 patients was
too small to retrospectively analyze. Second, a standard
cut-off value for the SIR markers had not yet been clearly
established. Lastly, as the level of laboratory markers was
measured in the blood at a single timepoint, reflecting dy-
namic changes was highly difficult.

In conclusion, the current study suggests that the changes
in the PLR following CRT are associated with the patho-
logic T-stage of the group. However, the SIR markers par-
ticularly the NLR, PLR, and platelet count showed no prog-
nostic value for the survival outcomes of patients with
MSI-H/dMMR LARC.
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