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1 | INTRODUCTION

Colorectal cancer (CRC) is one of the most commonly diagnosed
cancers worldwide, and rectal cancer accounts for approximately
30% of all CRCs.! Therapeutic strategies for colon and rectal
cancers are different, and Western guidelines recommend pre-
operative (neoadjuvant) radiotherapy (RT) or chemoradiother-
apy (CRT) for locally advanced rectal cancer (LARC).>% Although
these neoadjuvant therapies significantly reduce the incidence
of local recurrence, no significant improvements of survival rates
have been observed.* Several clinical trials have investigated
the effectiveness of neoadjuvant chemotherapy (NAC) alone
for rectal cancer with oxaliplatin-related regimens, but the long-
term oncological outcome data are unavailable for LARC.>® The
phase Ill Neoadjuvant folinic acid, 5-fluorouracil, and oxalipla-
tin (mFOLFOX6) Chemotherapy With or Without Radiation in
Rectal Cancer (FOWARC) trial compared neoadjuvant therapy
with and without RT; the findings demonstrated that neoadjuvant
mFOLFOX6 without RT resulted in lower rates of pathological
complete response than that with RT.” Long-term follow-up data,
however, revealed no significant difference in disease-free sur-
vival or local recurrence rate.® NAC might be an option for treat-
ment of LARC.

Immune checkpoint inhibitors (ICls), targeting immune check-
point molecules (ICMs) such as programmed death 1 (PD-1),
programmed death ligand 1 (PD-L1), or cytotoxic T-lymphocyte as-
sociated antigen 4 (CTLA-4), are highly effective and have become
the standard of care for patients with mismatch repair-deficient
(dMMR) or high microsatellite instability (MSI-H) metastatic CRCs.”
In contrast, the same regimens have shown poor response rates in
patients with mismatch repair-proficient (;MMR) or microsatellite-
stable (MSS) metastatic CRCs.}® Although ICls constitute an at-
tractive therapy for microsatellite instability (MSI) patients, MSI is
observed in only about 4%-13% of all CRCs.***2 MS] in rectal can-
cer is rarely noted. Hutchins et al. reported that the proportion of
dMMR in rectal cancers was 1%.13

Recent studies have shown that tumor immune microenviron-
ments are altered after NAC in several malignancies.***° Similarly,
upregulation of PD-L1 or CD8+ T cells in rectal cancer patients after
neoadjuvant CRT has been reported,'® suggesting the potential for a
combined application of cytotoxic therapy and ICls. In this study, we
investigated changes in the tumor immune microenvironment after
NAC without radiotherapy in patients with LARC and aimed to iden-

tify new biomarkers for ICls.

2 | MATERIALS AND METHODS
2.1 | Patients and tissue samples
This study was conducted by the Kyushu Study Group of Clinical

Cancer (KSCC) in Japan (KSCC1301-A2). This was an ad hoc analysis
of a KSCC1301 randomized phase Il trial, in which Japanese patients

with untreated resectable LARC were randomly assigned to receive
S-1 and oxaliplatin (SOX) or mFOLFOX6 as NAC.Y As a reference,
we retrospectively assessed 37 Japanese rectal cancer patients
outside the randomized trial who underwent surgery for primary
rectal cancer without neoadjuvant therapy between January 2015
and December 2016 at the Department of Surgery and Sciences,
Graduate School of Kyushu University Hospital. All tissue samples
were obtained from resected specimens that included the invasive
front of the tumor.

Pathological staging was performed according to the Union for
International Cancer Control TNM classification (8th edition). All
cases were reviewed based on imaging findings and histological
examination. This trial was registered in the University Hospital
Medical Information Network (UMIN) Clinical Trials Registry
(UMINO0O00031045). Written informed consent was obtained from
the participants included in KSCC1301 randomized phase Il trial.

2.2 | Immunohistochemistry

Immunohistochemistry was performed in accordance with the
manufacturer's recommendations. Primary antibodies and anti-
gen retrieval for the immunohistochemical stains are described in
Table S1. ICMs were evaluated by immunohistochemical staining for
PD-L1, PD-1, CTLA-4, and LAG3. We used CD8, FOXP3, and CD163
as markers for cytotoxic T lymphocytes, regulatory T lymphocytes,
and M2-type macrophages, respectively.

In CRC, true tumor cell PD-L1 expression is rare, especially in
pMMR cases. PD-L1 expression is predominant on tumor infiltrating
immune cells at the invasive front.?®'? PD-L1 was considered pos-
itive in tumor cells or tumor-infiltrating mononuclear inflammatory
cells in the stroma when membranous staining was evident in 1% or
more of these cells.?° Cells positive for expression of PD-1, CTLA-4,
LAG3, CD8, FOXP3, and CD163 were evaluated at 400x magnifi-
cation in five independent fields at the invasive front.?! MMR sta-
tus was assessed using immunohistochemical stains (MLH1, MSH2,
MSHé, and PMS2). Expression of these stains was defined as ab-
sent when nuclear staining of tumor cells was completely absent in
the presence of positive staining in surrounding cells. Assessment
of HLA class | expression was performed according to the scoring
system proposed by Ruiter et al.?? The intensity and percentage of
cells in the tumor were determined based on the sum of the inten-
sity of staining (ranging from O to 3) and the percentage of positive
cells (ranging from O to 5). Loss of HLA class | was defined by a low
score of 0-3. Microscopic interpretation of each immunohistochem-
ical marker was performed independently by two investigators (T.K.
and Y.M.).

2.3 | Next-generation sequencing analysis

All genomic analyses were performed by next-generation sequenc-
ing (NGS) using Oncomine™ Comprehensive Assay (OCA) version 3
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(OCAv3; Thermo Fisher Scientific). OCAv3 is a targeted NGS panel
that detects 161 genes relevant to solid tumors (Table S2). We com-
missioned Takara Bio Inc. (Shiga) to perform DNA and RNA extrac-
tion, library preparation, sequence analysis, and sequence data
analysis. Among the candidate gene variants, we incorporated an
analysis filter selecting only those variants with >50 reads and al-
lelic frequency >3%. Mutations with known clinical significance
were identified by comparing variants against the ClinVar database.
Only functional consequences of variants that were classified as
pathogenic or likely pathogenic were selected for analysis. For copy
number alterations, we incorporated an analysis filter selecting only
copy number amplifications greater than 2.5. Mutation and copy
number data were analyzed and mapped using the Bioconductor and

maftools package in R software.

2.4 | Statistical analysis

Patient characteristics were compared between two groups using
Fisher's exact test or chi-squared test. The relationships of con-
tinuous variables between or among groups were compared using
Wilcoxon's rank-sum test. A p<0.05 was considered statistically
significant. All statistical analyses were performed with JMP pro 14
software (SAS Institute Inc.).

| Neoadjuvant chemotherapy patients enrolled for KSCC1301 (n=110)

| Samples not submitted (n=48) H

Obtained FFPE blocks of resected specimens (n= 62)
SOX arm (n=34) mFOLFOX6 arm (n=28)

Excluded (n=13)

+ No carcinoma cells in obtained
specimens (n=8)

+ Not meeting inclusion criteria (n=2)

+ Discontinuation before neoadjuvant
therapy (n=1)

+ pTis (n=1)

+ dMMR (n=1)

Included in analysis (n=49)

SOX arm (n=27) mFOLFOX6 arm (n=22)

Selected for next-generation sequencing analysis (n=20)

SOX arm (n=12) mFOLFOX6 arm (n=8)

Excluded (n=2)
Not meeting DNA quality

Included in next-generation sequencing analysis (n=18)
SOX arm (n=10) mFOLFOX6 arm (n=8)
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3 | RESULTS

3.1 | Patient characteristics

The study flowchart is shown in Figure 1. Forty-nine patients who
were enrolled for the KSCC1301 study were included in this ad
hoc analysis. The patients underwent surgery from April 2014 to
February 2016. As a reference, 25 patients with rectal cancer who
underwent surgery without neoadjuvant therapy were assessed
outside the randomized trial. Clinicopathological characteristics of
ad hoc analysis are shown in Table 1. There were no significant dif-
ferences clinically or pathologically between the SOX and mFOL-
FOX6 arms. Clinicopathological characteristics of patients receiving
NAC and the reference patients are presented in Table 2. The num-
ber of clinical lymph node metastases in patients receiving NAC was
higher than in the reference patients. The number of pathological
lymph node metastases, however, was higher in the reference pa-
tients than in patients receiving NAC.

3.2 | Immunohistochemical findings

Representative images of immunohistochemical staining of ICMs
(PD-L1, PD-1, CTLA-4, and LAG3) are shown in Figure 2. Expression

Reference patients
Primary rectal adenocarcinoma patients
who underwent surgery at Kyushu University
Hospital from 2015 to 2016 (n= 37)

Excluded (n=12)

- Neoadjuvant therapy (n=4)

* No carcinoma cells in
obtained specimens (n=1)

- With distant metastasis (n=7)

Included in analysis (n=25)

Selected for next-generation sequencing

analysis (n=8)

Excluded (n=3)
Not meeting DNA quality

Included in next-generation sequencing
analysis (n=5)

FIGURE 1 The flowchart for the cohort study. Full analysis set was eventually based on 49 patients for the neoadjuvant therapy (NAC)

group and 25 patients for the reference group.
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SOX mFOLFOX6

Factor n=27 % n=22
Age

Median 63 64

Range 37-79 36-78
Sex

Male 21 77.8 19

Female 6 22.2 3
Depth of wall invasion

~T3 25 92.6 20

T4 2 7.41 2
Lymph nodes metastasis

Yes 4 14.8 8

No 23 85.2 14
Distant metastasis

Yes 0 0.00 0

No 27 100.0 22
Lymph vessel invasion

Yes 10 37.0 8

No 17 63.0 14
Venous invasion

Yes 12 44.4 11

No 15 55.6 11
Histological type

Well/moderately 26 96.3 21

Poorly/others 1 3.7 1
Therapeutic effect

Grade 0-1 23 85.2 16

Grade 2 3 111

Unknown 1 3.7 0

levels of ICMs were not significantly different between the SOX and
mFOLFOX6 arms (Figure S1). Expression levels of PD-1, CTLA-4, and
LAG3 in the NAC group were significantly higher than those in the
reference cohort (p<0.0001, p<0.0001, and p=0.0002, respec-
tively; Figure 3A-C). When the cut-offs for defining PD-1, CTLA-4,
and LAG3 expression were set at the median, there were also signifi-
cant differences between the NAC and reference groups (Table 3).
There were no significant differences between the SOX and mFOL-
FOX6 arms (Table S3). Expression levels of PD-L1 were relatively
higher in patients receiving NAC than in the reference patients, but
not significantly different (p=0.2171; Table 3). There were only two
cases that showed loss of HLA class | expression (Table 3, Table S3).

We then analyzed tumor-infiltrating lymphocyte (TILs) and mac-
rophages. We used CD8, FOXP3, and CD163 as markers for cytotoxic
T lymphocytes, regulatory T lymphocytes, and M2-type macro-
phages, respectively. There were no significant differences between
the SOX and mFOLFOXé arms (Figure S2). Infiltration of CD8+
and FOXP3+ T cells was significantly higher in patients receiving

TABLE 1 Clinicopathological

characteristics of patients receiving
% p value neoadjuvant chemotherapy.
0.7171
86.4 0.4876
13.6
90.9 1.0000
9.1
36.4 0.1037
63.6
0.00 -
100.0
36.4 1.0000
63.6
50.0 0.7777
50.0
95.5 1.0000
4.5
72.7 0.2669
27.3
0.0

NAC than in the reference patients (p<0.0001; Figure 3D,E). We
evaluated the CD8/FOXP3 ratio; it was also significantly higher in
patients receiving NAC than in the reference patients (p<0.0001;
Figure 3F), but there was no significant difference between the SOX
and mFOLFOX6 arms (Figure S2C). CD163+ cells demonstrated
no significant difference between the NAC and reference groups
(p=0.2827; Figure 3G).

3.3 | Next-generation sequencing

NGS was used to analyze 20 cases from the NAC group and eight
cases from the reference group. Five cases were excluded from
analysis due to the low quality or quantity of DNA. Consequently,
18 cases from the NAC group and five cases from the reference
group were included in the analysis (Figure 1). Clinicopathological
characteristics and immunohistochemical results for CD8 and PD-1
of the patients included in NGS analysis are presented in Table S4.
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characteristics of patients in the Al FRC I
neoadjuvant chemotherapy (NAC) and Factor n=25 % n=25 % p value
reference groups.
Age
Median 63 65 0.4133
Range 36-79 33-83
Sex
Male 40 81.6 17 68 0.2446
Female 9 18.4 8 32
Depth of wall invasion (clinical)
~T3 33 67.4 22 88 0.0897
T4 16 32.7 3 12
Depth of wall invasion (pathological)
~T3 45 91.8 25 100 0.2931
T4 4 8.2 0 0
Lymph nodes metastasis (clinical)
Yes 32 65.3 7 28 0.0032
No 17 34.7 18 72
Lymph nodes metastasis (pathological)
Yes 12 24.5 13 52 0.0221
No 37 75.5 12 48
Distant metastasis
Yes 0 0 0 0 -
No 49 100 25 100
Lymph vessel invasion
Yes 18 36.7 9 36 1
No 31 63.3 16 64
Venous invasion
Yes 23 46.9 9 36 0.4595
No 26 53.1 16 64
Histological type
Well/moderately 47 95.9 25 100 0.5465
Poorly/others 2 4.1 0 0

The cut-offs for defining CD8 and PD-1 expression were set at the
median for each group (NAC or reference).

Oncoplots for detected gene mutations or copy number amplifi-
cations for the sequence are shown in Figure 4. Among 23 cases, we
identified 32 mutations in 16 genes and seven copy number ampli-
fications in four genes, with at least one alteration being present in
82.6% (19 out of 23 cases). The frequently called variants included
TP53 mutations (10 cases, 43.5%), followed by KRAS mutations (five
cases, 21.7%), MYC amplifications (four cases, 17.3%), and PIK3CA
mutations (two cases, 8.7%). In the NAC group, frequently called
variants included TP53 mutations (nine out of 18 cases, 50.0%),
followed by KRAS mutations (five cases, 27.8%), PIK3CA mutations
(two cases, 11.1%), and MYC amplifications (two cases, 11.1%).

We then evaluated the number of detected gene mutations
that showed no significant difference between the NAC and ref-
erence groups (p=0.1098; Figure S3A). Regarding the infiltration

of CD8+ lymphocytes, the number of mutant genes was relatively
lower in the CD8-high group than the CD8-low group (p=0.0505;
Figure S3B). A higher sequencing failure rate was observed with the
RNA panel than DNA.

In addition, we compared the tumor immune microenvironment
according to gene status and chemotherapy status. Mutations in
genes in the growth factor signal cascade (RAS/RAF/MAP kinase;
i.e.,, AKT1, AKT2, ALK, BRAF, EGFR, ERBB2, ERBB3, FGFR, KRAS,
MET, NRAS, NTRK1, PTEN, PIK3CA, RET) were detected in six
(26.1%) cases in the NAC group and two (8.7%) cases in the refer-
ence group. There were no associations between RAS/RAF/MAP
kinase status and the tumor immune microenvironment in the NAC
group (n=18; Figure S4).

Among RAS/RAF/MAP kinase mutant cases (n=8), PD-1 expres-
sion and infiltration of CD8+ and FOXP3+ T cells were significantly
higher in the NAC group than in the reference group (Figure S5).
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FIGURE 2 Representative images of the expression of PD-L1 (A), PD-1 (B), CTLA-4 (C), and LAG3 (D). Membrane staining was
conducted for PD-L1 and PD1. Membrane and cytoplasmic staining were carried out for CTLA-4 and LAGS3. Scale bars: 100 and 50 pm.
PD-L1, programmed death ligand 1; PD-1, programmed death 1; CTLA-4, cytotoxic T-lymphocyte associated antigen 4; LAG3, lymphocyte

activation gene 3.

Among wild-type RAS/RAF/MAP kinase cases (n=15), there were
no significant differences between the NAC and reference groups
(Figure S6). Collectively, NGS analysis revealed no specific gene al-
teration related to TILs or ICMs. However, mutations in the RAS/
RAF/MAP kinase pathway had some impact on the infiltration of
CD8+ and FOXP3+ T cells.

4 | DISCUSSION

In the present study, we demonstrated that the expression of ICMs
and TILs was significantly changed after NAC in patients with rectal
cancer. Shinto et al. proposed that CD8+ T cells were enhanced after
neoadjuvant CRT in patients with rectal cancer, an increase trig-
gered by the CRT-mediated release of tumor-associated antigens.?®
Some studies implied that direct irradiation of tumor tissue upregu-
lates and releases tumor-associated antigens and induces immuno-

genic cell death that in turn activates cytotoxic T lymphocytes.?

Immunogenic cell death can be induced by chemotherapy using
anthracycline or oxaliplatin.?*2° In this study, two oxaliplatin-based
regimens, SOX and mFOLFOX6, were used for NAC. Although the
expression of CD8+ T cells was not significantly different between
the SOX and mFOLFOX6 arms, the infiltration of CD8+ T cells in pa-
tients receiving NAC was significantly higher than that in the refer-
ence cohort. This may indicate immunogenic cell death was induced
by NAC, resulting in upregulated CD8+ T cell infiltration.

Regarding immune suppressive cells, our results showed that
the numbers of FOXP3+, PD-1+, CTLA-4+, and LAG3+ cells in the
NAC group were significantly higher than in the reference group.
PD-L1 expression was relatively higher in the NAC group. One
possible mechanism underlying this response is feedback caused
by increased numbers of CD8+ T cells. FOXP3+ regulatory T cells
have been reported to be driven by CD8+ T cells via the produc-
tion of chemokine receptor type 4 (CCR4)-binding chemokines.?
Some studies have reported that upregulation of PD-L1 depended
on CD8+ T cell infiltration, and expression of PD-L1 was induced by
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TABLE 3 Immunohistochemical results

Elhe:r:i{c:‘;i:;y Reference of ICMs, MMR-related proteins, and HLA
class I.
Factor n=49 % n=25 % p value
PD-L1
Positive 30 61.2 14 56 0.2171
Negative 19 38.8 11 44
PD-1
Positive 34 69.4 4 16 <0.0001
Negative 15 30.6 21 84
CTLA-4
Positive 33 67.4 4 16 <0.0001
Negative 16 32.7 21 84
LAG3
Positive 32 65.3 5 20 0.0004
Negative 17 34.7 20 80
MMR
Deficient 0 0 0 0 -
Proficient 49 100 25 100
HLA class |
Loss 1 2 1 4 1
Retain 48 98 24 96

Abbreviations: HLA, human leukocyte antigen; ICMs, immune checkpoint molecules; MMR,
mismatch repair.
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FIGURE 4 Summary of the molecular characteristics of next-generation sequencing analysis (n=23). The columns in the table denote
samples, and the rows denote genes. The right and top sides of the graphic represent the number of patients in whom each gene alteration
was detected.

85U0|7 SUOWWOD 3AEa1D 3|qed!|dde ay) Aq peuAob 8 e S9|Ie YO ‘88N J0 SN 104 A%eig1aulUQ 4|1 UO (SUOTIPUCD-pUR-SWB} W0 A8 |IMARe.q [l |uo//Sdny) SUONIPUOD pUe SWs | 84} 89S *[£202/0T/20] Uo Ariqiauliuo A |im ‘Aiseaiun nusnAy Aq 0221 esBe/z00T 0T/10p/wod A 1M Areiq1puljuoj/sdny woly pepeojumod ‘0 ‘8280872



MIYASHITA ET AL.

interferon-y derived from TILs.}*?” CTLA-4 and LAG3 are immune
checkpoint molecules that are upregulated following T cell activa-
tion.?® Likewise, PD-1 is expressed on activated (but not resting) T
cells. PD-1 is induced late after activation following expression of
CTLA-4.% The present study suggests that the T cell inmune re-
sponse may be activated by NAC.

Another possible mechanism is that PD-1/PD-L1 is upregulated
to help cancer cells escape from immune-mediated cell death. PD-
L1 is expressed on immunogenic tumor cells and permits them to
escape from the host T cell immunity.30 It is possible that enhanced
PD-1/PD-L1 in patients receiving NAC may be a result of escape
from immune-mediated cell death.

Recent studies have proposed that cancer cells can be elimi-
nated by host cytotoxic CD8+ T cells and that tumor infiltrating
CD8+ T cells are a predictive biomarker for ICls.%! In addition, a
high CD8/FOXP3 ratio may correlate with improved prognosis.32
Our results showed that tumor-infiltrating CD8+ T cells, the CD8/
FOXP3 ratio, and ICMs were significantly higher in patients re-
ceiving NAC. That finding suggests that the tumor immune mi-
croenvironment was made more immunogenic by NAC. This result
suggests that combining immunotherapy with chemotherapy may
be effective in patients with rectal cancer. Sequential therapy,
i.e., NAC as induction therapy followed by ICI, may be effective.
Additionally, concurrent therapy with chemotherapy plus ICl may
have similar effects.

We also conducted an NGS analysis in this study. The most fre-
quently detected gene mutations were in TP53, followed by KRAS
and PIK3CA mutations. This result was similar to previous reports
for patients with left-sided CRC.%® In the present study, the num-
ber of detected gene mutations was relatively lower in CD8-high
than CD8-low patients. Meanwhile, the number of detected gene
mutations was not significantly different between the NAC and
reference groups. Recent studies have proposed that driver muta-
tions, such as EGFR mutations or RHOA mutations, are associated
with the immunosuppressive tumor microenvironment.>4° In the
present study, we incorporated into the analysis a filter for depth
or allelic frequency from targeted genes relevant to solid tumors.
Furthermore, we selected only functional consequences of vari-
ants that are classified as pathogenic. The tumors with driver mu-
tations may possibly be correlated with suppressive tumor immune
microenvironments.

Collectively, our results suggest that in the absence of specific
mutations, the tumor immune microenvironment was made more
immunogenic by NAC, suggesting that combining immunotherapy
with chemotherapy may be effective in patients with pMMR rectal
cancer.

This study had some limitations. First, the tumor immune micro-
environments of cases were not compared before and after NAC.
Pretreatment biopsy specimens were not evaluated in this study.
The expression of ICMs and TILs was evaluated by resected spec-
imens at the invasive front, and we did not compare these with the
biopsy specimens before NAC. Second, clinicopathological charac-
teristics between patients receiving NAC and the reference patients

- ; . 9
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were statistically different. In clinical analyses, patients receiving
NAC showed more lymph node metastases than the reference pa-
tients, although the opposite result was observed in pathological
analyses. Clinical T stage analysis also revealed higher cT4 in pa-
tients receiving NAC than in the reference patients, although this
difference was not significant. This result may reflect that patients
receiving NAC had more aggressive diseases in the clinical analy-
ses. Pathological difference in lymph node metastases may be due
to treatment effects. Third, NGS analysis was not conducted for all
cases. Although we compared the number of detected gene muta-
tions, we could not compare tumor-mutation burden due to the NGS
panel. The number of cases with gene mutations is small, which may
be insufficient for statistical analysis. Additionally, a validation co-
hort was not conducted to further confirm the immunohistochemis-
try or NGS findings.

In conclusion, we demonstrated a change in the tumor immune
microenvironment after NAC in pMMR rectal cancer. NAC was asso-
ciated with increased expression of ICMs and TILs. We suggest that
rectal cancer could be treated with a combination of immunotherapy

and chemotherapy.
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