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Neoadjuvant therapy for locally advanced rectal cancer is becoming increasingly
common. However, biomarkers predicting the response to neoadjuvant therapy have
not been established. Tumor-infiltrating lymphocytes (TILs) have a crucial effect on
tumor progression and survival outcome as the primary host immune response, and
an antitumor immune effect has been reported to contribute to the response to
radiotherapy and chemotherapy. We investigated the significance of TlLs before
and after neoadjuvant treatment and the change in the density of those TILs. Sixty-
four patients who underwent radical resection after neoadjuvant treatment for
locally advanced rectal cancer were enrolled. The number of TIL subsets was exam-
ined using immunohistochemical staining of pretreatment biopsy samples and post-
treatment resected specimens. In both the neoadjuvant chemotherapy cohort and
the neoadjuvant chemoradiotherapy cohort, a low density of CD8" TILs in pretreat-
ment biopsy samples was associated with a poor response, and a low density of
CD8" TILs in post-treatment resected specimens was similarly associated with a
poor response. In the neoadjuvant chemoradiotherapy cohort, the density of CD8"
TILs in post-treatment resected specimens was significantly increased compared
with that in pretreatment biopsy samples. We concluded that T lymphocyte-
mediated immune reactions play an important role in tumor response to neoadju-
vant treatment for rectal cancer, and the evaluation of TILs in pretreatment biopsy
samples might be a predictor of the clinical effectiveness of neoadjuvant treatment.
Furthermore, neoadjuvant therapy, especially chemoradiotherapy, could induce the
activation of the local immune status.
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1 | INTRODUCTION

Abbreviations: Bmab, bevacizumab; CapeOX, capecitabine + oxaliplatin; Cmab, cetuximab;

CRT, chemoradiotherapy; CT, chemotherapy; FOLFOX, 5-fluorouracil + leucovorin +

Rectal cancer is one of the most common causes of cancer death

oxaliplatin; Foxp3, forkhead box P3; GATA3, GATA-binding protein 3; MMR, mismatch
repair; MS, microsatellite instability; RORyT, RAR-related orphan receptor-yT; T-bet, t-box worldwide.? Neoadjuvant CRT combined with surgery has been the

expressed in T cells; Th, T helper (cell); TIL, tumor-infiltrating lymphocyte; TMA, tissue

microarray; Treg, regulatory T (cell).

standard treatment strategy for locally advanced rectal cancer in
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order to reduce the local recurrence rate.? In addition, neoadjuvant
CT was proposed as a new treatment strategy in order to reduce
not only the local recurrence rate but also the distant metastasis
rate.®> However, in unresponsive cases, neoadjuvant therapy could
have disadvantages, such as allowing tumor progression or delaying
surgery, thereby making it impossible to undertake curative surgery
in such patients. Therefore, it is necessary to carry out such surgery
as early as possible in unresponsive cases, which requires being able
to predict a given patient’s clinical response to neoadjuvant treat-
ment. However, the biomarkers predicting the clinical response to
neoadjuvant treatment have not been established.

As part of the primary host immune response to malignant
tumors, TILs critically influence tumor progression and survival out-
comes.*® Galon et al” established the immunoscore as a prognostic
indicator by evaluating the density of TILs and reported that the
immunoscore is a more valuable prognostic indicator than traditional
histopathological scores, such as the TNM classification.”*° Further-
more, the antitumor immune response has also been reported to
contribute to the response to radiotherapy and CT.*** However,
the mechanisms underlying the correlation between antitumor immu-
nity and the response to radiotherapy and CT have yet to be fully
clarified.

In the present study, we investigated the significance of TILs in
pretreatment biopsy specimens in advanced rectal cancer as a mar-
ker for predicting the response to neoadjuvant treatment. We also
investigated the correlation between the antitumor immune status
after neoadjuvant treatment and the response to neoadjuvant treat-
ment. In addition, we investigated the change in the local immune

status before and after neoadjuvant treatment.

2 | MATERIALS AND METHODS

2.1 | Patients

Sixty-four patients with locally advanced rectal cancer were enrolled
in this study. All patients underwent resection of rectal cancer after
neoadjuvant treatment (neoadjuvant CT or CRT) at the Department
of Surgical Oncology, Osaka City University (Osaka, Japan) between
January 2010 and February 2017. The indication for neoadjuvant
treatment was the depth clinically diagnosed as T3-T4, or a positive
clinical diagnosis of lymph node metastasis. There were no patients
who underwent emergency surgery for perforation/obstruction in
this study. The resected specimens were pathologically classified
according to the UICC TNM classification of malignant tumors (7th
edition).” Chemotherapy was given alone or concomitantly with radi-
ation as one or two cytotoxic agents based on fluoropyrimidine with
or without a molecular-targeting drug. For CRT, patients received
50.4 Gy in 28 fractions to the pelvis using 3-D conformal irradiation.
The tumor response was evaluated by pathologists according to the
definitions in the Japanese Classification of Colorectal Carcinoma
(8th edition):*> grade 0, no remarkable changes; grade 1a, swelling of
cells, enlarged vesicles, pyknosis of nuclei and vacuolated cytoplasm
in 1%-33.3% of tumor cells; grade 1b, grade 1a changes in 33.4%-
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66.6% of tumor cells; grade 2, cell nests consisting of markedly dam-
aged cells, often showing a moth-eaten appearance and simplified
granular structures in >66.7% tumor cells; and grade 3, extensive
degenerative changes and the replacement of tumor cells with gran-
ulomatous or fibrous tissue. We defined patients with grade 0-1a
responses as non-responders, and those with grade 1b-3 responses

as responders.

2.2 | Tissue microarray construction

A TMA with one 3.0-mm-diameter punch core per tumor was con-
structed from formalin-fixed paraffin-embedded tissue blocks of pre-
treatment biopsy specimens and post-treatment resected specimens,
as previously reported.’® We ensured that the specific histological
type of cancer was representatively included in the TMA using H&E-
stained TMA sections.

2.3 | Immunohistochemistry for TILs, MMR status,
and HLA class | expression

Full sections of pretreatment biopsy specimens and post-treatment
surgically resected specimens were used for the evaluation of TILs.
Specimen sections, 4-um thick, were deparaffined and rehydrated
and then subjected to endogenous peroxidase blocking in 1% H,0,»
solution in methanol for 15 minutes. Antigen retrieval was carried
out by autoclaving the sections at 105°C for 10 minutes each in
Dako Target Retrieval Solution (Dako, Glostrup, Denmark). Serum
blocking was carried out with antibody in 10% normal rabbit or goat
serum for 10 minutes. After H,O, and serum blocking, the slides
were incubated with primary mouse monoclonal anti-CD4 antibody
(1:80 dilution; Dako) at room temperature for 20 minutes, primary
mouse monoclonal anti-CD8 antibody (1:100 dilution; Dako) at room
temperature for 30 minutes, primary mouse monoclonal anti-T-bet (a
Th1-specific marker) antibody (1:50 dilution; Abcam, Cambridge, UK)
at room temperature for 15 minutes, primary rabbit monoclonal anti-
GATAS (a Th2-specific marker) antibody (1:50 dilution; Cell Signaling
Technology, Danvers, MA, USA) at 4°C for 12 hours, primary mouse
monoclonal anti-RORyT (a Th17-specific marker) antibody (1:400
dilution; Merck Millipore, Darmstadt, Germany) at 4°C for 12 hours,
and primary mouse monoclonal anti-Foxp3 antibody (1:100 dilution;
Abcam) at room temperature for 15 minutes. The secondary
antibody was biotin-labeled rabbit anti-mouse IgG, IgA, 1gM, or bio-
tin-labeled goat anti-rabbit 1gG (1:500; Nichirei, Tokyo, Japan).
Detection was undertaken with a 3,3'-diaminobenzidine-tetrachloride
kit (Histofine Simple Stain kit; Nichirei). The sections were counter-
stained with hematoxylin.

Tissue microarray sections of pretreatment biopsy specimens and
post-treatment resected specimens were used for the evaluation of
the MMR status. Staining was carried out as described above except
for the following point: antigen retrieval was undertaken at 121°C
for 15 minutes. The sections were incubated in primary antibody for
20 minutes for MLH1 (prediluted product), 20 minutes for MSH2
and MSH6 (1:50 dilution), and 30 minutes for PMS2 (1:40 dilution)
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at room temperature (product codes: 1S079, M3639, M3646, and
M3647; all Dako).

Tissue microarray sections of pretreatment biopsy specimens and
post-treatment resected specimens were used for evaluation of HLA
class | expression. Staining was carried out as described above for
immunohistochemistry for TILs except for the following point: anti-
gen retrieval was carried out at 121°C for 15 minutes. The sections
were incubated in primary antibody for 12 hours for HLA class |
heavy chain (1:200 dilution, MUB2037P; Nordic-MUbio, Susteren,

The Netherlands) at room temperature.

24 | Immunohistochemical evaluation for TILs

Immunohistochemical evaluations were carried out by a pathologist
who was blinded to the clinical information. The numbers of CD4",
CD8*, T-bet*, GATA3", RORyT", and Foxp3" TILs (Figure 1) in pre-
treatment biopsy specimens and at the invasive margin and surface
of the tumor in post-treatment resected specimens (Figure 2) were
counted with a light microscope in a randomly selected field at a
magnification of 400-fold. In post-treatment resected specimens
with a pathological complete response, we evaluated the density of
TILs in the area replaced by granulomatous or fibrous tissue. The
mean of values obtained in five different fields was used for the data
analysis. We set the median value as the cut-off value for the den-
sity of each type of TIL and then classified patients into high- and
low-TIL groups based on this cut-off value.

2.5 | Immunohistochemical evaluation for MMR
status

It was reported that the effectiveness of immunohistochemical eval-
uation of the MMR status is similar to that of genotyping for the

20 pm

20 pm

FIGURE 1

MSI status.!” The MSI status therefore was estimated according to
the immunohistochemical evaluation of the MMR status, as previ-
ously reported.*®

Normal colon tissue was used as a positive control, and positive
staining within intratumoral immune cells was used as an internal
positive control. The expression was evaluated as MMR-proficient
(tumor cell nuclear expression with positive immune cell expression;
Figure 3AB,D,F) or MMR-deficient (absent tumor cell

expression with positive immune cell expression; Figure 3C,E,G). The

nuclear

tumor was defined as MMR-deficient when one or more MMR pro-

teins was negatively expressed.

2.6 | Immunohistochemical evaluation for HLA class
| expression

We evaluated the HLA class | expression using the criteria estab-
lished by the HLA and Cancer Component of the 12th International
Histocompatibility Workshop.'? The tumor was defined as negative
(Figure 4A) when the positive expression rate of the tumor cell
membrane was <25%, positive (Figure 4B) when it was >75%, and
heterogeneous when intermediate. Normal colon tissue was used as
a positive control, and positive staining within intratumoral immune

cells was used as an internal positive control.

2.7 | Statistical analyses

The significance of the correlations between the density of TILs and
the response and those between the density of TILs and the clinico-
pathological characteristics were analyzed using the xz-test and Fish-
er's exact test. The difference between the density of TILs in
pretreatment biopsy specimens and that of TILs at the surface of
the tumor in post-treatment resected specimens was evaluated by
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Immune marker expression of CD4 (A), CD8 (B), t-box expressed in T cells (C), GATA-binding protein 3 (D), RAR-related orphan

receptor-yT (E), and forkhead box P3 (F) in locally advanced rectal cancer specimens. Magnification, x400
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FIGURE 2 Immunoreactive tumor-
infiltrating lymphocytes determined at the
invasive margin in resected specimens of
locally advanced rectal cancer after
neoadjuvant treatment. Magnification,
x400

FIGURE 3 Expression of mismatch
repair proteins in resected specimens of
locally advanced rectal cancer after
neoadjuvant treatment. (A) MLH1:
positive. All of the tumor showed MLH1-
positive expression. (B,C) MSH2: positive
(B), negative (C). (D,E) MSHé: positive
(D), negative (E). (F,G) PMS2: positive (F),
negative (G). Magnification, x400

Wilcoxon's signed rank test. All of the statistical analyses were car-
ried out using the JMP 13.0.0 software program (2016; SAS Insti-
tute, Cary, NC, USA). P-values <.05 were considered to indicate This study conformed to the provisions of the Declaration of Hel-

2.8 | Ethical considerations

statistical significance. sinki. All patients were informed of the investigational nature of this
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FIGURE 4 (A) Negative expression (<25%) of HLA class | in tissue microarray sections of pretreatment biopsy specimens. (B) Positive
expression (>75%) HLA class | in resected specimens of locally advanced rectal cancer after neoadjuvant treatment. Magnification, x400

study and provided their written informed consent. This retrospec-
tive study was approved by the ethics committee of Osaka City
University (approved no. 3853).

3 | RESULTS

3.1 | Patient analysis

The patient characteristics are listed in Table 1. The distribution of
pretreatment clinical depth and lymph node metastasis of cancer
was as follows: cT1-2 in 1 patient, cT3-4 in 63, cNO in 18, and cN1-
3 in 46 patients. Neoadjuvant treatment was given as CT in 33
patients: CapeOX, n =22 patients; CapeOX + Bmab,
CapeOX + Cmab, n = 1; FOLFOX, n=5; FOLFOX + Bmab, n = 2;
FOLFOX + panitumumab, n = 1; and 5-fluorouracil + leucovorin +

n=1;

irinotecan + Cmab, n = 1. Neoadjuvant treatment as CRT was given
to 31 patients: capecitabine, n=9; and capecitabine + Bmab,
n = 22. The pathological responses of the patients were: grade O,
n = 4 patients; grade 1a, n = 25; grade 1b, n = 17; grade 2, n = 12;
and grade 3, n = 6.

A low density of CD8" and GATA3" TILs in pretreatment biopsy
samples was significantly associated with a poor pathological
response (CD8, P < .001; GATAS, P = .011; Table 2). However, the
density of all other TILs in pretreatment biopsy samples showed no
significant relationship with the pathological response or downstag-
ing of the primary tumor (Table 2). The density of CD8" TILs in pre-
treatment biopsy samples showed no significant relationship with
any clinicopathological factors or the MMR status or pretreatment
HLA class | expression (Table S1).

A low density of CD8" TILs at the invasive margin in post-treat-
ment resected specimens was significantly associated with a poor
pathological response (P <.001) and a low rate of downstaging of
the primary tumor (P = .007; Table 3). A low density of T-bet™ and
RORyT" TILs in post-treatment resected specimens was significantly
associated with a low rate of downstaging of the primary tumor (T-
bet, P <.001; RORyT, P =.032) (Table 3). However, the density of
all other TILs in post-treatment resected specimens showed no sig-
nificant relationship with the pathological response or the downstag-
ing of the primary tumor (Table 3).

A high density of CD8" TILs at the invasive margin in post-
treatment resected specimens was significantly associated with a

decrease in tumor depth (P = .005; Table S2). Furthermore, the
density of CD8" TILs in the post-treatment resected specimens
was significantly associated with pathological lymph node metas-
tases (P < .001), lymphatic involvement (P = .004), and the post-
treatment serum carcinoembryonic antigen  concentration
(P =.002; Table S2). A one-to-one correspondence of CD8" TILs
was observed between pretreatment biopsy and post-treatment
resected specimens (Figure 5). In total patients and in respon-
ders, the density of CD8" TILs at the surface of the tumor in
post-treatment resected specimens was significantly higher than
in the pretreatment biopsy specimens (all patients, P =.013;
responders, P = .034) (Figure 5A,B). However, in non-responders,
the density of CD8" TILs in post-treatment resected specimens
was not higher than in the pretreatment biopsy specimens (Fig-

ure 5C).

3.2 | Analysis of neoadjuvant CT cohort

Patient characteristics are listed in Table 1. The distribution of pre-
treatment clinical depth and lymph node metastasis of cancer was as
follows: cT1-2 in 1 patient, cT3-4 in 32, cNO in 3, and cN1-3 in 30.
The pathological response of the patients was as follows: grade O,
n = 4; grade 1a, n = 17; grade 1b, n = 8; grade 2, n = 3; and grade
3, n = 1. A low density of CD8" TILs in pretreatment biopsy samples
was significantly associated with a poor pathological response (CD8,
P = .022; Table 4). However, the density of all other TILs in pre-
treatment biopsy samples showed no significant relationship with
the pathological response or downstaging of the primary tumor
(Table 4). The density of CD8" TILs in pretreatment biopsy samples
showed no significant relationship with any clinicopathological fac-
tors or the MMR status or pretreatment HLA class | expression
(Table S3).

A low density of CD8" TILs at the invasive margin in post-
treatment resected specimens was significantly associated with a
poor pathological response (P < .001) (Table 5). A low density of
Foxp3* TILs in post-treatment resected specimens was signifi-
cantly associated with a low rate of downstaging of the primary
tumor (P =.024), and a low density of T-bet* TILs in post-treat-
ment resected specimens tended to be associated with a low
rate of downstaging of the primary tumor (P = .060; Table 5).
However, the density of all other TILs in post-treatment
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TABLE 1 Characteristics of 64 patients with locally advanced
rectal cancer treated with neoadjuvant chemotherapy (CT) or
chemoradiotherapy (CRT)

Total
patients Neoadjuvant Neoadjuvant
(n = 64) CT (h = 33) CRT (n = 31)
Gender
Male 44 23 21
Female 20 10 10
Age,y
Median 65 (27-88) 62 (27-78) 66 (44-88)
(range)
Histological type
Well, moderate 58 29 29
Poor, mucinous 5 3
cT1, 22 1 1 0
cT3, 4° 63 32 31
cNO* 18 3 15
cN1-3* 46 30 16
Chemotherapy regimen
CapeOX 22 Cape 9
CapeOX+Bmab 1 Cape 22
+Bmab
CapeOX+Cmab 1
FOLFOX 5
FOLFOX+Bmab 2
FOLFOX+Pmab 1
FOLFIRI+Cmab 1
Pathological response®
Grade 0 4 4 0
Grade 1a 25 17 8
Grade 1b 17 9
Grade 2 12 9
Grade 3 6 1 5

Bmab, bevacizumab; Cape, capecitabine; CapeOX, capecitabine + oxali-
platin; Cmab, cetuximab; FOLFIRI, 5-fluorouracil + leucovorin + irinote-
can; FOLFOX, 5-fluorouracil + leucovorin + oxaliplatin; Pmab,
panitumumab.

?According to UICC TNM Classification of Malignant Tumors (7th edition).
bAccording to the definitions in the Japanese Classification of Colorectal
Carcinoma (8th edition).

resected specimens showed no significant relationship with the
pathological response or downstaging of the primary tumor
(Table 5).

The density of CD8" TILs at the invasive margin in post-treat-
ment resected specimens showed no significant relationship with
any clinicopathological factors or MMR status or pretreatment
HLA class | expression (Table S4). In the total patient cohort, as
well as in the responders and non-responders, the density of
CD8" TILs was not
chemotherapy (Figure 6).

markedly changed after neoadjuvant
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3.3 | Analysis of neoadjuvant CRT cohort

Patient characteristics are listed in Table 1. The distribution of pre-
treatment clinical depth and lymph node metastasis of cancer was as
follows: cT1-2 in no patients, cT3-4 in 31, cNO in 15, and cN1-3 in
16. The pathological responses of the patients were: grade 0, n = O;
grade 1a, n = 8; grade 1b, n = 9; grade 2, n = 9; and grade 3, n = 5.
A low density of CD8" TILs in pretreatment biopsy samples tended
to be associated with a poor pathological response (P = .077,
Table 5). However, the density of all other TILs in pretreatment
biopsy samples showed no significant relationship with the patholog-
ical response or downstaging of the primary tumor (Table 6). The
density of CD8" TILs in pretreatment biopsy samples showed no sig-
nificant relationship with any clinicopathological factors or the MMR
status or pretreatment HLA class | expression (Table S5).

A low density of CD8" TILs at the invasive margin in post-treat-
ment resected specimens tended to be associated with a poor
pathological response (P =.095) and a low rate of downstaging of
the primary tumor (P = .057; Table 7). Furthermore, a low density of
T-bet” TILs in post-treatment resected specimens was significantly
associated with a low rate of downstaging of the primary tumor
(P = .045; Table 7). However, the density of all other TILs in post-
treatment resected specimens showed no significant relationship
with the pathological response or downstaging of the primary tumor
(Table 7).

The density of CD8" TILs at the invasive margin in post-treat-
ment resected specimens was significantly associated with lymph
node metastases (P =.004) and the post-treatment serum carci-
noembryonic antigen concentration (P = .026) (Table Sé). Further-
more, the high density of CD8'TILs at the invasive margin in
post-treatment resected specimens tended to be associated with a
decrease in tumor depth (P = .057; Table Sé).

In the total patient cohort as well as in the responders, the den-
sity of CD8* TILs at the surface of the tumor in post-treatment
resected specimens was significantly higher than in the pretreatment
biopsy specimens (all patients, P = .003; responders, P = .024) (Fig-
ure 7A,B). However, in the non-responders, the density of CD8" TILs
in post-treatment resected specimens was not higher than in the
pretreatment biopsy specimens (Figure 7C).

4 | DISCUSSION

The current study showed that the local antitumor immune status
before and after neoadjuvant therapy was significantly associated
with the response to neoadjuvant therapy. Furthermore, we showed
that neoadjuvant therapy, especially CRT, might activate local antitu-
mor immunity.

The current study suggests that tumors attracting abundant
CD8" TILs before neoadjuvant CT or CRT could be more sensitive
to CT or radiotherapy than others. Therefore, the quantitative mea-
surement of CD8" TILs in pretreatment biopsy samples might be a

predictor of the clinical effectiveness of neoadjuvant CT and
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TABLE 2 Correlations between the density of tumor-infiltrating lymphocytes (TILs) in pretreatment biopsy specimens and response to

neoadjuvant treatment in 64 patients with locally advanced rectal cancer

Pathological response®

Downstaging of primary tumor

Non-responders® Responders®

Density of CD8" TlLs

<8 13 2

>8 3 12
Density of CD4" TILs

<4.6 8 5

>4.6 8 9
Density of T-bet™ TILs

<23 9 6

>2.3 7 8
Density of GATA3" TILs

<0.75 10 2

>0.75 6 12
Density of RORyT TILs

<1.2 7 6

>1.2 9 8
Density of Foxp3* TlLs

<13.6 10 5

>13.6 6 9

P-value Negative Positive P-value
<.001 13 2 21
9
480 10 3 1.00
12 5
720 11 4 1.00
11
.011 10 2 42
12
1.000 10 3 1.00
12 5
270 10 5 .68
12 3

Foxp3, forkhead box P3; GATAS3, GATA-binding protein 3; RORYT, RAR-related orphan receptor-yT; T-bet, t-box expressed in T cells.
2According to definitions in the Japanese Classification of Colorectal Carcinoma (8th edition).

bGrade 0-1a.
‘Grade 1b-3.

neoadjuvant CRT. Our results agreed with those of previous stud-
ies.111320 Our results were also supported by the basic research
studies that have shown that CT or radiotherapy is more effective in
immunocompetent mice than in immunodeficient mice and that
immunosuppression counteracts the effect of CRT.2%?2 The attrac-
tion of increased numbers of TILs before neoadjuvant treatment was
reported to imply that a tumor was originally immunogenic.?® For
tumors attracting large numbers of TILs before neoadjuvant treat-
ment, it is considered that not only the direct cytotoxic effects of
CT or radiotherapy but also the antitumor immune response of the
host will improve the effects of the treatment.

The current study showed that the density of CD8" TILs after
neoadjuvant CT or CRT positively correlated with the efficacy of the
neoadjuvant treatment, such as the pathological response and down-
staging of the primary tumor. Cytotoxic agents and radiation have
been reported to be extremely effective as treatments, not only
because they exert direct cytotoxic effects on tumor cells, but also
because they activate the antitumor immune response.?®>2% Cyto-
toxic agents and radiation reportedly release the tumor antigens
through necrotic tumor cell death, relieve the immunosuppression
mechanism, and facilitate the recruitment of CD8" TILs by stimulat-
ing the immune cells. We concluded that a better effect of the
treatment was produced as a result of not only the CT- or radiother-

apy-mediated antitumor effect but also the antitumor effect of the

antitumor immunity, as CT or radiotherapy facilitated the antitumor
immune response.

Each TIL subset reportedly exerts a different effect on antitu-
mor immunity. The current study showed that the density of CD8"
TILs before and after neoadjuvant treatment and the density of T-
bet* TILs after neoadjuvant treatment were significantly associated
with the response to treatment. Activated CD8* T cells (i.e. cyto-
toxic T lymphocytes) are capable of directly killing tumor cells and
play a crucial role in antitumor immunity.*® However, we found
that the density of CD4" TILs before and after neoadjuvant treat-
ment had no significant relationship with the response to treat-
ment. Some authors have reported that the density of CD4" TILs
is positively correlated with the antitumor immune status and the
response to CRT.}12%25 However, a metastatic review reported
that the significance of the density of CD4" TILs in antitumor
immunity is still unclear.* The difference in the results between the
previous and present studies was thought to be due to the fact
that each subset of CD4" T lymphocytes (i.e. Th1l, Th2, and Th17
cells, Treg cells, and T follicular helper cells) exerts a different
effect on antitumor immunity. T helper 1 cells are reportedly able
to activate CD8" T cells and enhance antitumor immunity.*2%27
This fact supports our finding that a high density of T-bet® TILs
after neoadjuvant therapy was positively correlated with a high rate

of downstaging of the primary tumor. In contrast, Th2 cells,
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TABLE 3 Correlations between the density of tumor-infiltrating lymphocytes (TILs) in post-treatment resected specimens and response to
neoadjuvant treatment in 64 patients with locally advanced rectal cancer

Pathological response® Downstaging of primary tumor

Non-responders® Responders® P-value Negative Positive P-value

Density of CD8" TlLs

<134 23 9 <.001 27 5 .007
>13.4 6 26 16 15
Density of CD4" TILs
<8.2 15 16 .800 21 10 1.000
>8.2 14 19 22 10
Density of T-bet™ TILs
<8 17 13 .130 27 3 <.001
>8 12 22 16 17
Density of GATA3" TILs
<0.5 10 14 .800 16 7 1.000
>0.5 19 21 27 13
Density of RORyT" TlLs
<1.3 17 15 .320 26 6 .032
>1.3 12 20 17 14
Density of Foxp3* TlLs
<5.7 13 19 .620 25 7 .110
>5.7 16 16 18 13
Foxp3, forkhead box P3; GATAS3, GATA-binding protein 3; RORYT, RAR-related orphan receptor-yT; T-bet, t-box expressed in T cells.
2According to definitions in the Japanese Classification of Colorectal Carcinoma (8th edition).
bGrade 0-1a.
‘Grade 1b-3.
All patients
(A) All patients (B) Responders (C) Non-responders
P=.013 P=.034 P=.16
= —t =) 50 4 — = UOA ‘ 50 | =1 :
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FIGURE 5 One-to-one correspondence of the density of CD8" tumor-infiltrating lymphocytes (TILs) at pretreatment biopsy and at the
surface of the tumor in post-treatment resected specimens from patients with locally advanced rectal cancer treated with neoadjuvant therapy.
Changes in the density of CD8" TlLs in all patients (A) responders (i.e. pathological response grade 1b-3) (B), and non-responders (i.e.
pathological response grade 0-1a) (C)

through the activation of B cells or the production of the immuno- that these cells facilitate the antitumor immunity, whereas others
suppressive cytokine interleukin-10, seem to suppress the antitu- have reported that they accelerate tumor growth through neoan-

mor immunity.* Regarding Th17 cells, some authors have reported giogenesis of the tumor.*?% In colorectal cancer, the significance of
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TABLE 4 Correlations between the density of tumor-infiltrating lymphocytes (TILs) in pretreatment biopsy specimens and response to
treatment in the neoadjuvant chemotherapy cohort of patients with locally advanced rectal cancer (n = 33)

Pathological response®

Downstaging of primary tumor

Non-responders® Responders®

Density of CD8" TlLs

<8 10

>8 2
Density of CD4" TILs

<4.6 6 0

>4.6 6
Density of T-bet™ TILs

<23 7 2

>2.3 5 1
Density of GATA3" TILs

<0.75 9

>0.75 3 2
Density of RORyT" TlLs

<1.2 5 1

>1.2 7 2
Density of Foxp3* TlLs

<13.6 8 1

>13.6 4 2

P-value Negative Positive P-value
.022 9 1 1.00
4 1
.230 6 0 49
7
1.000 8 1 1.00
5 1
.240 9 1 1.00
1
1.000 6 0 49
7
.530 8 1 1.00
5 1

GATA3, GATA-binding protein 3; RORyT, RAR-related orphan receptor gamma T; T-bet, t-box expressed in T cells; Foxp3, forkhead box P3.
2According to definitions in the Japanese Classification of Colorectal Carcinoma (8th edition).

bGrade 0-1a.
‘Grade 1b-3.

Foxp3™ TILs seems to be controversial. We found in the present
study that the density of Foxp3™ TILs after neoadjuvant chemother-
apy was positively associated with downstaging of the primary
tumor, although the density of Foxp3* TILs before and after neoad-
juvant chemotherapy was not associated with the pathological
response to treatment. Regulatory T cells, which express the tran-
scription factor Foxp3, suppress the activation of T cells. A high
density of Foxp3* TILs was reported to be associated with poor
prognosis in several types of cancer.2®?? In contrast, in colorectal
cancer, a previous study with a large cohort showed that a high
density of Foxp3* TILs was associated with a good prognosis.*° Fur-
thermore, another recent study suggested that two Foxp3* T-cell
subsets (immunosuppressive Foxp3* Treg cells and non-suppressive
Foxp3" T cells) distinctly control the prognosis of colorectal can-
cer.! The association between the density of Foxp3* TILs and the
response to neoadjuvant therapy also remains unclear, with conflict-
ing findings reported. Indeed, some reports have found that a low
density of Foxp3" TILs after neoadjuvant CRT for rectal cancer was

2 whereas others have found

associated with a complete response,®
that the density of Foxp3* TlLs before and after neoadjuvant ther-
apy for rectal cancer was not associated with the response to treat-
ment. 1133

The findings obtained in the current study suggest that local

antitumor immunity could be enhanced by increased numbers of

CD8* TILs after neoadjuvant therapy, especially in responders.
Cytotoxic agents and radiation have been previously reported to be
immunosuppressants because lymphocytes are very sensitive to
cytotoxic agents and radiation.3* However, another aspect to the
effects of cytotoxic agents and radiation was recently reported,
involving their effects on enhancing the antitumor immunity and
thereby contributing to their direct antitumor effects.2>?* Both CT-
and radiotherapy-mediated necrotic tumor cell death were reported
to induce the release of tumor antigens and facilitate the recruit-
ment of immune cells to the tumor by mediators such as pro-
inflammatory cytokine interferon-y.3% In this way, CT and radiother-
apy have been reported to enhance antitumor immunity.3> In addi-
tion, cytotoxic agents and radiation also enhance antitumor
immunity through other mechanisms. For example, 5-fluorouracil
was reported to prevent immunosuppression by reducing the num-
bers of myeloid-derived suppressor cells and promoting the produc-
tion of interferon-y.3®* Oxaliplatin was reported to induce
immunogenic cancer cell death and result in the activation of the
immune response of T cells.®” Radiation was further reported to
activate the antitumor immune response through cancer cell death
and inducing the abscopal effect.®® Furthermore, recent reports
have shown that anti-epidermal growth factor receptor antibody
might increase the density of CD3" and CD8" TILs and enhance

the antitumor immune response by inducing antibody-dependent
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TABLE 5 Correlations between the density of tumor-infiltrating lymphocytes (TILs) in post-treatment resected specimens and response to
treatment in the neoadjuvant chemotherapy cohort of patients with locally advanced rectal cancer (n = 33)

Pathological response® Downstaging of primary tumor
Non-responders® Responders® P-value Negative Positive P-value
Density of CD8" TlLs
<134 18 8 <001 18 3 .390
>13.4 3 9 8
Density of CD4" TILs
<8.2 10 4 490 12 2 .670
>8.2 11 8 14 4
Density of T-bet™ TILs
<8 14 8 1.000 20 2 .060
>8 7 4 6 4
Density of GATA3" TILs
<0.5 7 4 1.000 8 2 1.000
>0.5 14 8 18 4
Density of RORyT" TlLs
<13 12 7 1.000 17 2 .190
>1.3 9 5 9 4
Density of Foxp3* TlLs
<5.7 10 4 490 14 0 .024
>5.7 11 8 12

Foxp3, forkhead box P3; GATAS3, GATA-binding protein 3; RORYT, RAR-related orphan receptor-yT; T-bet, t-box expressed in T cells.
2According to definitions in the Japanese Classification of Colorectal Carcinoma (8th edition).

bGrade 0-1a.
‘Grade 1b-3.
Neoadjuvant chemotherapy cases
(A) All patients (B) Responders (©) Non-responders
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FIGURE 6 One-to-one correspondence of the density of CD8" tumor-infiltrating lymphocytes (TILs) at the pretreatment biopsy and at the
surface of the tumor in post-treatment resected specimens from patients with locally advanced rectal cancer treated with neoadjuvant
chemotherapy. Changes in the density of CD8" TILs in all patients (A) responders (i.e. pathological response grade 1b-3) (B), and non-
responders (i.e. pathological response grade 0-1a) (C)

cell-mediated cytotoxicity through immune cells and immunogenic antitumor immune response. The subgroup analysis in the current
cell death®#° As described above, many previous reports have study showed that the density of CD8" TILs after neoadjuvant CT

shown that CT and radiotherapy can induce the activation of the was not increased, whereas that after neoadjuvant CRT was notably
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TABLE 6 No statistically significant correlation between the density of tumor-infiltrating lymphocytes (TILs) in pretreatment biopsy
specimens and response to treatment in the neoadjuvant chemoradiotherapy cohort of patients with locally advanced rectal cancer (n = 31)

Pathological response®

Downstaging of primary tumor

Non-responders® Responders®

Density of CD8" TlLs

<8 3

>8
Density of CD4" TILs

<4.6 2 5

>4.6 2 6
Density of T-bet™ TILs

<23 2 4

>2.3 2
Density of GATA3" TILs

<0.75 1 1

>0.75 8 10
Density of RORyT" TlLs

<1.2 2 5

>1.2 2 6
Density of Foxp3* TlLs

<13.6 2 4

>13.6 2

P-value Negative Positive P-value
.077 4 1 .58
5
1.000 4 3 1.00
3
1.000 3 3 .62
6 3
480 1 1 1.00
8 5
1.000 4 3 1.00
3
1.000 2 4 14
7

Foxp3, forkhead box P3; GATAS3, GATA-binding protein 3; RORYT, RAR-related orphan receptor-yT; T-bet, t-box expressed in T cells.
2According to definitions in the Japanese Classification of Colorectal Carcinoma (8th edition).

bGrade 0-1a.
‘Grade 1b-3.

increased. Radiation, therefore, might induce the activation of the
antitumor immune response more strongly than chemotherapy.

The antitumor immune status in colorectal cancer patients
reportedly depends on the MSI status of the tumor and the
immunological phenotypes of cancer cells, such as HLA class |
expression. High-grade MSI colorectal cancer is reportedly more
immunogenic than microsatellite stable colorectal cancer and has a
high density of TILs because of the large number of tumor anti-
gens produced by frameshift mutations.**#? The HLA class |
expression on tumor cells reportedly plays a key role in the pre-
sentation of tumor antigens for the recognition of tumor cells by

cytotoxic T cells,*®

and transporters associated with antigen pro-
cessing (TAP) and tapasin are involved in the processing of tumor
antigens.** The downregulation of the HLA class | expression on
tumor cells might induce the immune escape of tumor cells.
Indeed, the downregulation of HLA class | expression was report-
edly associated with low infiltration of CD3* and CD8" T cells, a
poor prognosis and a poor response to chemotherapy.***> How-
ever, the current study showed that the density of CD8" TILs was
not associated with the MMR status of the tumor or HLA class |
expression on cancer cells. We therefore believe that the density
of TILs may depend on not only the immunological phenotype of
cancer cells and the MSI status of the tumor, but also other

immune cells and stromal cells.*

Several limitations associated with the present study warrant
mention. First, the current study was retrospective in nature with
included relatively few patients. Second, the current study did not
analyze the molecular mechanism underlying the antitumor immunity
response induced by cytotoxic agents or radiation. Third, the hetero-
geneity of TlLs in the tumor remains an unresolved issue, although
we evaluated the average number of TILs in five different fields in
order to reduce the effect of this issue. Fourth, in cases of a patho-
logical complete response after neoadjuvant treatment, we evaluated
the density of lymphocytes in scar tissue in order to evaluate the
TILs. However, no adequate method for evaluating the density of
TILs in cases of complete response has been established. Fifth,
whether the density of TILs at the surface of the tumor reflects the
antitumor immune status of the whole tumor, as well as those at the
invasive margin and in the center of the tumor, remains to be clari-
fied. Finally, we did not analyze the association between the density
of TILs and relapse-free survival because the follow-up was too
short and the number of relapse cases was too few.

We concluded that T lymphocyte-mediated immune reactions
play an important role in tumor response to neoadjuvant treatment
for locally advanced rectal cancer, and the quantitative measurement
of CD8" TlLs in pretreatment biopsy samples could be a predictor of
the clinical effectiveness of neoadjuvant treatment. Furthermore,

CRT may notably activate the local immune status.
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TABLE 7 Correlations between the density of tumor-infiltrating lymphocytes (TILs) in post-treatment resected specimens and response to
treatment in the neoadjuvant chemoradiotherapy cohort of patients with locally advanced rectal cancer (n = 31)

Density of CD8" TlLs

<134
>134

Density of CD4" TILs

Pathological response®

Downstaging of the primary tumor

Non-responders®

5
3

<8.2 5
>8.2 S
Density of T-bet™ TILs
<8 3
>8 5
Density of GATA3" TILs
<0.5 3
>0.5 5
Density of RORyT" TlLs
=3 5
>1.3 S
Density of Foxp3* TlLs
<57 8
>5.7 5

Responders® P-value Negative Positive P-value
6 .095 9 2 .057
17 8 12
12 .700 9 8 1.000
11 8
5 .390 7 1 .045
18 10 13
10 1.000 8 5 .720
13 9 9
8 .230 9 4 .270
15 8 10
15 .230 11 7 480
8 6 7

Foxp3, forkhead box P3; GATAS3, GATA-binding protein 3; RORYT, RAR-related orphan receptor-yT; T-bet, t-box expressed in T cells.
2According to definitions in the Japanese Classification of Colorectal Carcinoma (8th edition).

bGrade 0-1a.
‘Grade 1b-3.
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FIGURE 7 One-to-one correspondence of the density of CD8" tumor-infiltrating lymphocytes (TILs) at the pretreatment biopsy and at the
surface of the tumor in post-treatment resected specimens from patients with locally advanced rectal cancer treated with neoadjuvant
chemoradiotherapy. Changes in the density of CD8" TILs in all patients (A), responders (i.e. pathological response grade 1b-3) (B), and non-

responders (i.e. pathological response grade 0-1a) (C)
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