Received: 10 June 2019 Revised: 3 October 2019 Accepted: 25 October 2019

DOI: 10.1111/cas.14223

ORIGINAL ARTICLE Cancer Science Ri2198:%

Ki6é7 expression and localization of T cells after neoadjuvant
therapies as reliable predictive markers in rectal cancer

Ken Imaizumil?3 | Toshihiro Suzuki? | Motohiro Kojima* |
Manami Shimomura® | Naoki Sakuyama! | Yuichiro Tsukada! | Takeshi Sasaki® |
Yuji Nishizawa® | Akinobu Taketomi® | Masaaki lto! | Tetsuya Nakatsura?

'Deparment of Colorectal Surgery, National
Cancer Center Hospital East, Kashiwa, Japan Abstract

2Division of Cancer Immunotherapy, Chemoradiotherapy (CRT) is the standard neoadjuvant therapy for locally advanced
Exploratory Oncology Research & Clinical

Trial Center, National Cancer Center,
Kashiwa, Japan outcomes. Although the immunological environment of RC has been thoroughly dis-

rectal cancer (RC). However, neoadjuvant chemotherapy (NAC) also shows favorable

®Department of Gastroenterological Surgery cussed, the effect of NAC on it is less clear. Here, we investigated the immunological
|, Graduate School of Medicine, Hokkaido

University, Sapporo, Japan
“Division of Pathology, National Cancer tion, of resected RC tissue after neoadjuvant therapies and evaluated the correla-
Center Hospital East, Kashiwa, Japan

microenvironment, including T cell infiltration, activation, and topological distribu-

tion between T cell subsets and patient prognosis. Rectal cancer patients (n = 188)

Correspondence were enrolled and categorized into 3 groups, namely CRT (n = 41), NAC (n = 46), and
Tetsuya Nakatsura, Division of Cancer

Immunotherapy, Exploratory Oncology . . . .
Research & Clinical Trial Center, National and T cell subsets in resected tissues was performed using multiplex fluorescence

Cancer Center, Kashiwa, Japan.
Email: tnakatsu@east.ncc.go.jp

control (surgery alone; n = 101) groups. Characterization of residual carcinoma cells

immunohistochemistry. The densities of total and activated (Ki67"8") T cells in tissues
after NAC, but not CRT, were higher than in control. In both CRT and NAC groups,

Funding information patients presenting with higher treatment effects showed aggressive infiltration of T

National Cancer Center Research and X ) . . . q .
Development Fund, Grant/Award Number: cell subsets into carcinomas. Multivariate analyses of pathological and immunological

25-A-7 and 28-A-8 features and prognosis revealed that carcinoma Ki67"8"CD4" T cells after CRT and
stromal Ki67"8"CD8* T cells after NAC are important prognostic factors, respec-
tively. Our results suggest that evaluation of T cell activation with Kié7 expression
and its tumor localization can be used to determine the prognosis of advanced RC

after neoadjuvant therapies.

KEYWORDS
multiplexed fluorescent immunohistochemistry, neoadjuvant chemoradiotherapy,

neoadjuvant chemotherapy, rectal cancer, tumor-infiltrating lymphocyte

Imaizumi and Suzuki contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.

© 2019 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association

Cancer Science. 2020;111:23-35. wileyonlinelibrary.com/journal/cas 23


www.wileyonlinelibrary.com/journal/cas
https://orcid.org/0000-0002-7751-6270
https://orcid.org/0000-0002-7095-6556
https://orcid.org/0000-0002-6150-6545
https://orcid.org/0000-0003-2711-1168
mailto:﻿
https://orcid.org/0000-0003-3918-2385
http://creativecommons.org/licenses/by-nc/4.0/
mailto:tnakatsu@east.ncc.go.jp

IMAIZUMI ET AL.

CRRWAITS'E Cancer Science

1 | INTRODUCTION

The current standard treatment for locally advanced rectal can-
cer (RC) is preoperative chemoradiotherapy (CRT). Although CRT
is known to improve local control of the tumor, it is also reported
to cause postoperative complications and pelvic dysfunction‘l'4 To
maintain the function of pelvic nerves and muscles, neoadjuvant
chemotherapy (NAC) was recently established.>® Tailored treat-
ments, in which choosing or combining CRT and NAC is made on a
case-by-case basis, will be significant in the future.”

It has been reported that tumor-infiltrating lymphocytes (TILs)
determine not only antitumor surveillance but also the treatment
efficacy of neoadjuvant therapy.s’9 Tumor-infiltrating lymphocytes
positively control tumor immunity and their marked infiltration was
reported to be associated with better clinical outcomes in various
cancers.!®® High accumulation of intratumoral CD8" T cells shows
favorable prognosis in RC patients with or without preoperative
CRT.*5 However, no study has evaluated the immunological envi-
ronment of RC after NAC. Evaluating changes in the immunological
environment after neoadjuvant therapies could reveal immune cell
components associated with treatment efficacy and patient progno-
sis. Currently, combination studies with immunological checkpoint
inhibitors, chemotherapy, radiotherapy, and CRT are underway for
various tumors to enhance the antitumor immune response.”"*17
Although some clinical trials revealed that immunological check
point inhibitors, such as mAbs against programmed cell death-1,

16-18 most advanced colorectal

are effective against various cancers,
cancers, excluding high microsatellite instability colorectal cancer,
are insensitive to immunological checkpoint inhibitors.*’ Thus, as-
sessing the immunological environment and its effect on antitumor
immune response after neoadjuvant therapies could provide a proof
of concept for the benefits of immune checkpoint inhibitors in com-
bination with CRT and NAC for advanced RC treatment.

Recently, multiplex fluorescence immunohistochemistry (mFIHC)
has emerged as an effective tool for comprehensive analysis of im-
mune cell type in the tumor microenvironment.?%-%2 Previously,
studies evaluated stromal or intratumoral lymphocytes in addition to
analyzing TIL subsets and have reported that TIL localization in the
epithelial compartment of tumors is important because nonspecific
infiltration of lymphocytes into the tumor stroma is often observed
after treatment.?®?* The nuclear protein Ki67 is commonly used to
assess cell proliferation and measure the proliferative capacity of
tumor cells and T cells. Kié7 expression is observed during all active
phases of cell division but not during DNA repair or the cell quies-
cent phase.25 For some chronic diseases, such as HIV infection, can-
cer, and autoimmune diseases, the Kié7 expression pattern in T cells
is used to evaluate antigen-specific T cell expansion.?¢?’

In this study,using mFIHC analysis by staining with opal fluores-
cence molecules and multispectra imaging, we analyzed the tumor
microenvironment and immunological features of RC, including T
cell activation by Ki67 expression, and elucidated the histological
alterations mediated by NAC and CRT compared with surgery alone.

Moreover, we evaluated the correlation between TIL subsets and

recurrence-free survival (RFS) to find novel prognostic markers after
neoadjuvant therapies.

2 | MATERIALS AND METHODS
2.1 | Patient cohort

Ninety-nine locally advanced RC patients (T3 or T4, NO or T any,
N1-2) who had received preoperative therapy between January
2001 and June 2014 at the National Cancer Center Hospital East
(NCCHE, Chiba, Japan) were recruited. Of these, 48 and 51 cases
received preoperative CRT and NAC, respectively. The CRT group
received preoperative fluoropyrimidine-based chemotherapy (in-
fused 5-fluorouracil or oral capecitabine) and fractionated radiation
(total 45 Gy in 25 fractions or total 50.4 Gy in 28 fractions). Surgical
resection was performed 4-12 weeks after CRT. The NAC group re-
ceived 3-8 courses of preoperative FOLFOX, followed by surgery
4-8 weeks after NAC. Seven patients in the CRT group and 5 patients
in the NAC group achieved pathological complete response (pCR).
These 12 cases with pCR were excluded because of no detectable
cancer tissue in the resected specimens. As control subjects, 101
patients who underwent surgery alone were recruited. Finally, 188
patients with locally advanced RC were enrolled and categorized
into 3 groups according to pretreatment: CRT group (n = 41), NAC
group (n = 46), and control group (n = 101). The study conformed to
the ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional review board of NCCHE (protocol no.
2016-157).

2.2 | Histopathology

Preoperative clinical staging and pathological staging were car-
ried out according to the UICC classification (7th edition). The local
treatment effect was evaluated by tumor regression grade (TRG) ac-
cording to the method described by the American Joint Committee
on Cancer and the College of American Pathologists.?®2?? Other
variables obtained from the pathology report were pathological
stage (pStage and ypStage), lymphatic invasion (LYI), vascular inva-

sion (VI), and perineural invasion (PNI).

2.3 | Construction of 4-point tissue microarrays

Formalin-fixed, paraffin-embedded tumor blocks and corresponding
slides stained with H&E from the 188 cases were collected from the
institutional pathology archive. For tissue microarray (TMA), a gastro-
intestinal pathologist selected 2 target areas from the center of the
tumor and the invasive margin, after which a total of 4 tumor cores
per case were picked up using a punch tip (¢ 2 mm; Azumaya) (Figure
S1A,B).2%% One TMA block contained 48 tissue cores; in total, 16 TMA

sets consisting of 768 core specimens were prepared for this study.
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2.4 | Immunohistochemistry for mismatch
repair status

To identify mismatch repair (MMR) status, we performed conventional
immunohistochemistry (IHC) using MLH1 (1:500; BD Pharmingen),
MSH2 (1:50; Calbiochem), MSH6 (1:1000; BD Pharmingen), and PMS2
(1:50; Dako, Santa Clara, CA) Abs. Immunohistochemistry was car-
ried out on 4-pm thick sections obtained from the TMA block (Figure
S1C). Tumor cell nuclei that did not display any brown staining for the

abovementioned markers were considered MMR deficient (AIMMR).

2.5 | Multiplex fluorescence IHC and image analysis

Tissue sections (4-um thick) obtained from TMA blocks were sub-
jected to mFIHC staining using the PerkinElmer Opal Kit (PerkinElmer).
The Abs, dilutions, and activation conditions used are listed in Table
S1. Images were captured using an automated multisector imaging
system (Vectra version 3.0; PerkinElmer). An image analysis program
(Inform; PerkinElmer) was used to segment tumor tissues into carci-
noma and stromal areas and to detect immune cells with specific phe-
notypes, after which the distribution of immune cells was analyzed
(Figure S2). Training sessions for tissue segmentation and phenotype

recognition were carried out repeatedly until the algorithm reached

TABLE 1 Characteristics of patients with rectal cancer
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the level of confidence recommended by the program supplier (at
least 90% accuracy) before performing the final evaluation.?*%2 After
phenotyping typical CD4* and CD8" cells using Inform software,
gated CD3* populations by mean fluorescence intensity of CD3,
CD3*CD4*, and CD3*CD8" cells were determined as CD4" T cells and
CD8" T cells, respectively. A similar gating strategy was used for the
analysis of Ki67"&" population in cytokeratin positive (CK*) cells, CD4*
T cells, and CD8" T cells using an analytical program (Spotfire version
7.8; TIBCO Software; Figure S3). The area of each tissue category, car-
cinoma and stroma, was evaluated to assess the density of lympho-
cytes, represented by (number of lymphocytes) / (pixel area) in each
tumor core; an average value of 4 tumor cores was determined. T cells
in the carcinoma and stromal areas were defined as carcinoma T cells
and stromal T cells, respectively. The ratio of carcinoma to stromal T
cells (carcinoma / stromal ratio) was calculated using the ratio of the

density of carcinoma T cells to that of stromal T cells.

2.6 | Statistical analysis

Densities of the lymphocyte subsets were represented using box
plots with median values and interquartile ranges. The boxplot
whiskers indicate the 10th and 90th percentile values. Bar charts

show mean values of proportion and ratios of each population.

Control (surgery P value P value P value
Characteristic CRT (n =41) NAC (n = 46) alone) (n = 101) CRT vs NAC CRT vs Cont. NAC vs Cont.
Age (years), median 57 (27-77) 57 (27-72) 61 (33-80) 739 .340 .053
(range)
Sex, n (%)
Male 30(73.2) 33(71.7) 66 (65.3) 1.000 1.000 1.000
Female 11(26.8) 13(28.3) 35(34.7)
Distance from anal verge 3.0 (0-6.0) 3.5 (0-6.0) 4.0 (0-6.0) 266 116 996
(cm), median (range)
Clinical TNM stage, n (%)
Il 18 (43.9) 18(39.1) 54 (53.5) 1.000 1.000 0.450
] 23(56.1) 28 (60.9) 47 (46.5)
Pathological TNM stage, n (%)
| 10 (24.4) 13(28.3) 22(21.8) 1.000 1.000 1.000
1l 14 (34.1) 12 (26.1) 35(34.7)
1] 17 (41.5) 21 (45.6) 44 (43.5)
Lymphatic invasion, n (%) 10 (24.4) 22 (47.8) 53(52.5) 124 012 1.000
Vascular invasion, n (%) 24 (58.5) 21 (45.7) 82(81.2) 973 .028 <.001
Perineural invasion, n (%) 14 (34.1) 12 (26.1) 43 (42.6) 1.000 1.000 .250
Tumor regression grade, n (%)
1 17 (41.5) 13(28.3) - <.001
2 24 (58.5) 20 (43.5) —
3 0(0) 13(28.3) -
dMMR, n (%) 3(7.3) 2(4.3) 6(5.9) 1.000 1.000 1.000

Abbreviations: —, not applicable; Cont., Control; CRT, chemoradiotherapy; dMMR, deficient mismatch repair; NAC, neoadjuvant chemotherapy.
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Error bars on graphs show SDs. Statistical significance was calcu-
lated using Dunnett’s test and Tukey's test for parametric analysis
or the Steel test and Steel-Dwass test for nonparametric analysis.
The 42 test or Fisher’s exact test were used to examine categorical
variables. Recurrence-free survival was estimated using the Kaplan-
Meier method, and differences in curves between experimental
groups were evaluated by the log-rank test. Univariate and multi-
variate comparisons between various variables, including T cell sub-
sets and RFS, were perfomed using the Cox proportional hazards
regression model. Variables with P values less than .05 in univariate
analysis were included in the multivariable Cox regression model. P
values less than .05 were considered statistically significant.

All statistical analyses and graphing were performed using EZR
version 2.2-5 (Saitama Medical Center, Jichi Medical University), a
modified version of R commander, and is designed to add statisti-
cal functions frequently used in biostatistics.%® A graphical user in-
terface for R version 3.3.1 (R Foundation for Statistical Computing)
was also used for analysis. Figures were prepared using Autodesk
Graphic version 3.0.1 (Autodesk, Inc.).

3 | RESULTS

3.1 | Patient characteristics and RFS after
neoadjuvant therapies

Patient characteristics and clinicopathological features are listed in
Table 1. There were no significant differences in age, sex, distance from
anal verge, clinical TNM stage, pathological TNM stage, or PNI between
the 3 groups. Lymphatic invasion was observed less frequently in the
CRT group than in the control group. Vascular invasion was also found
less frequently in the CRT and NAC groups than in the control group.
Tumor regression grade in the CRT group was better than in the NAC
group. Eleven patients (5.9%) were dMMR, of which 3 patients (7.3%)
were in the CRT group, 2 (4.3%) in the NAC group, and 6 (5.9%) in the
control group. There were no significant differences in RFS based on
neoadjuvant therapies (3-year RFS, CRT 60.6% vs NAC 63.0%; P = .976).

3.2 | Changes in histology and growth activity of
residual carcinoma cells after neoadjuvant therapies

Using mFIHC analysis of tumor sections with nuclei, CK, and Ki67
staining, we compared the treatment effects of CRT and NAC based

on residual carcinoma areas and their growth activity (Figure 1A).
Calculation of the total carcinoma area by Inform software was
highly correlated with TRG (Figure 1B). Interestingly, within the same
TRG, the individual regions of residual carcinomas in the CRT group
(Figure 1A, center panel) tended to be smaller than those in the NAC
group (Figure 1A, right panel), although the total residual carcinoma
area was comparable between them (Figure 1B). Patients who re-
ceived CRT had smaller carcinoma masses (<0.01 mm?) than those
who received NAC and had the same TRG (Figure 1C). To examine
the inhibition of residual carcinoma growth by each neoadjuvant
therapy, we evaluated Ki67 expression in CK" cells and found that
the growth activity of CK' cells was significantly inhibited by CRT,
but not by NAC (Figure 1D). Moreover, the proportion of Ki67"&" in
CK" cells was not altered by the local treatment effects of either CRT
or NAC (Figure 1E).

3.3 | Analysis of T cells and their localization in
tumor tissue after neoadjuvant therapies

Representative features of CD3/CD4 and CD3/CD8 double staining
forsurgery alone, CRT,and NAC specimens are shown in Figure 2A, B.
Compared with the control group, the densities of carcinoma CD4*
T cells, carcinoma CD8" T cells, and stromal CD8" T cells were signif-
icantly increased after NAC. In the CRT group, the densities of carci-
noma CD4" T cells and CD8" T cells were preserved compared with
those in the control group, whereas the densities of stromal CD4"
T cells and CD8" T cells were significantly reduced (Figure 2C, D).
After CRT, the carcinoma / stromal ratio of both CD4" and CD8*
T cells was significantly higher than in the control group, whereas
after NAC, only CD8" T cells tended to infiltrate the carcinoma area
(Figure 2E).

3.4 | Analysis of the Ki67"8" subpopulation of T
cells after neoadjuvant therapies

Next, we assessed the population of Ki67"®8" T cells in each tis-
sue area to assess T cell activity. Representative images of Ki67
staining in CD4" and CD8" T cells are shown in Figure 3A, B, re-
spectively. Similar to total T cells, the densities of carcinoma and
stromal Ki67"&"CD4* T cells in the NAC group were significantly
increased compared with the control group. The density of car-
cinoma Ki67"e"CD8" T cells after NAC also tended to increase.

FIGURE 1 Evaluation of residual rectal carcinoma after neoadjuvant therapies. A, Representative multiplex fluorescence images of the
residual carcinoma. Nuclei, cytokeratin (CK), and Ki67 in cells are shown in blue, orange, and white, respectively. B, Total residual carcinoma
area after neoadjuvant therapies was quantified using Inform software. P values were analyzed by Steel-Dwass test. C, Sizes of individual
carcinoma glands in patients after neoadjuvant therapies. According to the mean size of each carcinoma area, patients were sorted into 3
groups: small (pink, <0.01 mm?), medium (yellow, 20.01 mm? and <0.02 mm?), and large (green, 20.02 mm?). The percentages of patients in
these categorizes are shown in the graph. P values were analyzed by Fisher’s exact test. D, E, Growth activity of residual carcinomas after
neoadjuvant therapies (D). Correlation between residual carcinoma growth and tumor regression grade (TRG) after neoadjuvant therapies
(E). Growth activity was evaluated by the percentage of Ki67"&" in CK* (carcinoma) cells. P values were analyzed by Dunnett’s test (D) and
Tukey’s test (E). Cont., control; CRT, chemoradiotherapy; NAC, neoadjuvant chemotherapy
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Moreover, the proportion of Ki67"&"CD4* T cells after NAC in-
creased, whereas that of Ki67"&"CD8" T cells did not change com-
pared with that of the control group. Regarding the CRT group, the
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densities of stromal Ki67"8"CD4" T cells as well as carcinoma and
stromal Ki67"8"CD8* T cells were significantly decreased com-

pared with that of the control group; however, the proportions of
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FIGURE 2 Evaluation of tumor-infiltrating T cells after neoadjuvant therapies for rectal cancer. A, Representative multiplex fluorescence
images of tumor-infiltrating T cells after neoadjuvant therapies. Nuclei, CD3, CD4, CD8, and cytokeratin in cells are shown in gray, blue,
green, red, and orange, respectively. B, Enlarged fluorescence images show CD3*CD4" cells as CD4" T cells (upper panels) and CD3*CD8*
cells as CD8" T cells (lower panels). C, D, Carcinoma (left graph) and stromal (right graph) CD4"* T cell (C) and CD8" T cell (D) density. P values
were analyzed by the Steel test. E, Ratio of carcinoma to stromal CD4" T cells (left graph) and CD8" T cells (right graph). P values were
analyzed by Dunnett’s test. Cont., control; CRT, chemoradiotherapy; NAC, neoadjuvant chemotherapy
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FIGURE 3 Evaluation of Ki67"&" T cells after neoadjuvant therapies for rectal cancer. A, B, Representative images of Ki67"e"CD4* T cells
(A) and Ki67"e"CD8* T cells (B). Ki67"&" subpopulation of T cells was determined by visualizing nuclear Ki67 (pink) expression in each subset.
CD4" or CD8" T cells were detected by visualizing CD3 (blue) and CD4 (green) double-positive or CD3 (blue) and CD8 (red) double-positive
cells, respectively. White bold arrows indicate CD3"CD4*Ki67"8" cells (A). White thin arrows indicate CD3*CD8*Ki67"e" cells (B). Lower
photographs show enlarged fluorescence images of the yellow squares in the upper photographs. C-F, Densities (left graph) and proportions
(right graph) of carcinoma Ki67"8"CD4" T cells (C), stromal Ki67"&8"CD4" T cells (D), carcinoma Ki6é7"8"CD8* T cells (E), and stromal
Ki67"&"CD8* T cells (F). P values of the density and proportion were analyzed by the Steel test and Dunnett’s test, respectively. G, Ratio of
carcinoma to stromal Ki67"8"CD4* T cells (left graph) and Ki67"8"CD8" T cells (right graph). P values were analyzed by Dunnett’s test. Cont.,
control; CRT, chemoradiotherapy; NAC, neoadjuvant chemotherapy

Ki67"e" T cells, except for carcinoma Ki67"8"CD8" T cells, were subsets: the ratio of Ki67"8"CD4" T cells was higher in the CRT
comparable (Figure 3C-F). Both CRT and NAC groups showed no- group, whereas the ratio of Ki67"8"CD8" T cells was higher after

table differences in the carcinoma / stromal ratio of Ki67"€" T-cell NAC (Figure 3G).
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FIGURE 4 Infiltration of T-cell subsets depending on the local treatment effect after neoadjuvant therapies for rectal cancer. A-D,

Evaluation between tumor regression grade (TRG) after chemoradiotherapy (CRT) (left graph) or neoadjuvant chemotherapy (NAC) (right
graph) and ratio of carcinoma to stromal CD4" T cells (A), CD8" T cells (B), Ki67"8"CD4" T cells (C), and Ki67"8"CD8* T cells (D). P values

were analyzed by Dunnett’s test

3.5 | Correlation between T cell subsets and local
treatment effect

Subsequently, to evaluate the role of T cell subsets on local treat-
ment effects, we evaluated the correlation between T cell subset
localization and TRG. The density of each T cell subset for each TRG
patient is shown in Figure S4. After CRT, the densities of stromal T
cells in all TRG patients were decreased, whereas the densities of
carcinoma T cells in TRG1 patients were maintained. After NAC,
the densities of carcinoma T cells tended to increase in all TRG pa-
tients; stromal T cells showed a similar increasing trend, with the
exception of TRG1 patients. The carcinoma / stromal ratios showed
more prominent results and were significantly higher in TRG1 pa-
tients after both neoadjuvant therapies than in the control group
(Figure 4A, B). In particular, there was a marked increase in carci-
noma / stromal ratios of Ki67"&" subsets compared with that of total
subsets (Figure 4C, D). Although CD4" and CD8" T cell density in
the carcinoma or stromal areas showed different behaviors between
CRT and NAC, T cells infiltrated the carcinoma area more readily
after both neoadjuvant therapies, especially in patients who experi-
enced significant tumor regression.

Because the Foxp3 transcriptional factor is well known as a
marker of regulatory T cells (Tregs)—a subset of CD4" T cells that

34-37_ we examined the

have a strong immunosuppressive function
effects of CRT and NAC on Treg subsets by Foxp3 staining (Figure
S5A). The proportion of Foxp3M&" Tregs in the stromal CD4* T cell

subset was decreased after neoadjuvant therapies (Figure S5B, C),

which was associated with the treatment effects (TRG) of both
neoadjuvant therapies (Figure S5D). In contrast, the proportion of
the Treg subset in carcinomas did not change among the 3 groups.
We also analyzed the role of macrophages as immunosuppressive
cells (Figure S6A, B). CD68" macrophages increased significantly
after NAC and tended to increase after CRT (Figure S6C). Analysis
of the CD68" population based on the M1 (CD68*CD2047) and M2
(CD68*CD204") macrophage phenotypes revealed that M1 levels in-
creased significantly after both CRT and NAC (Figure S6D).

3.6 | Contributions of Ki67"&" T cells to RFS after
neoadjuvant therapies

To assess the effects of T cell subsets on prognosis, we classi-
fied patients in the CRT and the NAC groups as high or low cases
using the median of T cell densities and carcinoma / stromal ratios.
Univariate Cox proportional hazards analysis indicated that the
densities of both Ki67"€"CD4* and CD8* T cells were associated
with better prognosis; the high densities of carcinoma Ki67"€"CD4*
T cells after CRT and stromal Ki67"€"CD8" T cells after NAC could
significantly inhibit recurrence. The densities of CD4" and CD8* T
cells in the CRT group and CD8" T cells in the NAC group tended to
be associated with better prognoses, although the differences were
not statistically significant. In contrast, there were no differences
in the carcinoma / stromal ratios between the high and low cases
(Table 2).
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TABLE 2 Univariate analysis associated with T-cell subsets in patients with rectal cancer who received neoadjuvant chemoradiotherapy

or chemotherapy

CRT (n=41) NAC (n = 46)

T-cell subset HR 95% Cl P value HR 95% ClI P value

Carcinoma CD4" T cells (high/low) 0.497 0.192-1.285 149 1.005 0.408-2.476 991

Stromal CD4" T cells (high/low) 0.914 0.362-2.306 .849 0.945 0.383-2.327 .901

Carcinoma CD8" T cells (high/low) 0.389 0.146-1.038 .059 0.502 0.198-1.277 148

Stromal CD8 T cells (high/low) 0.510 0.197-1.316 164 0.484 0.190-1.231 128

Carcinoma / stromal ratio of CD4* T 0.885 0.351-2.232 796 1.102 0.448-2.716 .832
cells (high/low)

Carcinoma / stromal ratio of CD8" T 0.828 0.327-2.100 691 1.044 0.424-2.570 926
cells (high/low)

Carcinoma Ki67"&"CD4* T cells 0.366 0.137-0.979 .045 0.747 0.300-1.860 .531
(high/low)

Stromal Ki67"€"CD4" T cells (high/ 0.471 0.182-1.219 121 0.739 0.297-1.839 .516
low)

Carcinoma Ki67"&"CD8* T cells 0.513 0.199-1.325 168 0.492 0.194-1.253 137
(high/low)

Stromal Ki67"&"CD8* T cells (high/ 0.517 0.200-1.335 173 0.377 0.143-0.994 049
low)

Carcinoma / stromal ratio of 1.403 0.553-3.562 476 1.172 0.476-2.888 .730
Ki67"e"CD4* T cells (high/low)

Carcinoma / stromal ratio of 1.319 0.520-3.346 .560 1.154 0.469-2.842 .755

Ki67"e"CD8* T cells (high/low)

Abbreviations: Cl, confidence interval; CRT, chemoradiotherapy; HR, hazard ratio; NAC, neoadjuvant chemotherapy.

Finally, we applied the univariate analysis and the following
multivariate Cox proportional hazards analysis to assessing the im-
portance of various covariates in pathological features and T cell
subsets for RFS. We found that LYI as well as the densities of car-
cinoma Ki67"¢"CD4* T cells after CRT and stromal Ki67"&"CD8* T
cells after NAC were significantly independent predictive factors
(Table 3). Kaplan-Meier analysis of RFS using the density of these
T cell subsets in both the CRT and NAC groups is shown in Figure 5.

4 | DISCUSSION

In this study, we first assessed the effect of neoadjuvant therapies,
CRT and NAC, on the tumor microenvironments of advanced RC.
While CRT and NAC had different effects on the density of CD4" and
CD8" T cells in tumor tissues, the aggressive migration of TILs into
carcinomas was observed after both therapies. Notably, we found
that T cell subsets with high expression of Ki67 —a T cell activation
marker— were significantly correlated with good prognosis after neo-
adjuvant therapies. Our results indicate the clinical significance of T
cell activation and its localization in RC after neoadjuvant therapies.

Using CK staining and computational evaluation of the carcinoma
area, we confirmed the effect of neoadjuvant therapies on residual
carcinomas. Regarding the morphology, CRT led to disruption of
the carcinoma masses, whereas NAC induced its shrinkage. Based

on an analysis of Kié7 expression, residual carcinoma masses had a

higher proliferative capacity in the NAC group than in the CRT group.
Previous reports have shown that, compared with NAC, CRT controls

38.39 which is consistent with our re-

local tumors more effectively,
sults. These differences in therapeutic outcomes could be attributed
to mechanisms during NAC, wherein chemotherapeutic agents reach
the tumor by way of the marginal tissue through abundant blood flow,
leading to shrinkage of the carcinoma mass over time. However, NAC
cannot control regrowth of the residual carcinoma masses after a
drug has penetrated the tumor tissues. In contrast, irradiation directly
damages not only the carcinoma but also the normal tissue around it,
including the tumor stroma, by inducing apoptosis, disrupting whole
tumor tissues, and causing fibrosis.*° Additionally, cumulative DNA
damage in residual carcinoma cells, resulting from fractionated irradi-
ation, causes longer growth suppression of carcinoma cells.

After evaluating lymphocyte infiltration, we found an increased
density of TILs after NAC of RC. Similarly, Tsuchikawa et al*! re-
ported that the CD4* and CD8" cell count is increased after neo-
adjuvant chemotherapy of esophageal squamous cell carcinoma.
Chemotherapy induces the accumulation of CD4" cells in tumors
via inflammatory responses and is accompanied by an upregula-
tion of chemokines.*> However, this study and our previous reports
found that the T cell density in tumor tissues decreased after CRT.*®

I* reported that the number of stromal CD8*

Conversely, Shinto et a
cells in RC increased after neoadjuvant CRT. These discrepancies in
immunological observations after CRT might be due to the radiation

dose and interval time between the last irradiation to resection; in
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FIGURE 5 Kaplan-Meier curves of recurrence-free survival (RFS) after neoadjuvant therapies for rectal cancer according to the densities
of Ki67"&" T-cell subsets. A, B, According to the densities of carcinoma Ki67"8"CD4" T cells (A) or Ki67"&"CD8" T cells (B), patients were
classified into high or low groups based on the median value. RFS of patients who received chemoradiotherapy (CRT) or neoadjuvant
chemotherapy (NAC) are shown as bold lines and dotted lines, respectively. The color range indicates the accumulation of lymphocytes, with
high accumulation shown in red and low accumulation shown in black. P values were analyzed by a log-rank test

the present study, surgical resection was carried out 4-12 weeks after
neoadjuvant CRT at 45 to 50.4 Gy, whereas, for Shinto et al,’® resec-
tion was carried out 4 weeks after irradiation with 20 Gy. Long-term
fractionated irradiation on local tumors results in transient lympho-
penia in tumor tissues, accompanied by tumor regression. Moreover,
our results of increased T cells in cancer tissues after NAC could sup-
port a combination therapy with immunological checkpoint block-
ade for RC. Our findings highlight the importance of combination
therapies with radiotherapy and cancer immunotherapy; short-term
fractionated irradiation and longer interval times could be optimal
for the preservation of immunological surveillance against cancer.

Despite the different effects of the neoadjuvant therapieson T cell
density, both therapies induced the aggressive infiltration of TILs into
carcinoma masses, accompanied by tumor regression. However, no
significant correlation was observed between the carcinoma / stro-
mal ratio of T cells and patient RFS. This finding indicates that there
are different mechanisms between the antitumor immune response
against the local tumor and the immune surveillance associated with
suppression of systemic recurrence. Similar to a previous report re-
garding the effect of neoadjuvant therapies on antitumor immunity
in other cancer types,** our finding suggests that the antitumor im-
mune response can be enhanced during neoadjuvant therapies of ad-
vanced RC via antigen spreading and the initiation of danger signals.
Moreover, as baseline tumor size could be an independent prediction
marker for the efficacy of immune checkpoint inhibitors,* the com-
bination of immune checkpoint inhibitors and neoadjuvant therapies
for partial tumor reduction could be effective for RC treatment.

We further found that the correlation between important TIL sub-
sets and their localization with prognosis differed between the CRT
and NAC groups. For CRT, both Ki67"8"CD4* and Ki67"¢"CD8" T cell

density contributed to suppress systemic recurrence; in particular, an

increased density of Ki67"8"CD4" T cells in the carcinoma area signifi-
cantly prolonged RFS. Meanwhile, stromal Ki67"e"CD8" T cells after
NAC mostly contributed to prolong RFS. Although the CD4" population
significantly increased after NAC, this population was not associated
with improved RFS. These results suggest that different neoadjuvant
therapies initiated immune surveillance against the tumors by different
mechanisms; the helper function of CD4" T cells is important after CRT,
but not after NAC. The enhancement of cytotoxic T lymphocyte (CTL)
activity by CRT (abscopal effect) was reported to require the function
of helper CD4" T cells through the activation of tumor-infiltrating anti-
gen-presenting cells (APCs), such as tumor-associated macrophages and
dendritic cells.*®*” However, the activation of APCs after NAC would
be induced nonspecifically without the help of CD4* T cells because a
robust infiltration of T cells accompanied by the inflammatory response
was observed in the local tumor site.*? Therefore, enhancement of CTL
activity could occur independently of CD4" T cell activation during NAC.

Regarding the role of the immunosuppressive population, we found
that the proportion of carcinoma Tregs did not change among the 3
groups, whereas stromal Tregs were significantly decreased and ac-
companied by tumor regression. The Treg density after NAC increased,
but this was associated with the increase in total CD4" T cells. These
findings suggest that the selective depletion of stromal Tregs by neoad-
juvant therapies leads to the infiltration of activated CTL, followed by
local tumor elimination. After analyzing tumor-infiltrating macrophages,
we found that both neoadjuvant therapies increased polarization to-
wards M1 macrophages, which have been reported to robustly express
MHC class I1.*® Thus, we theorized that both CRT and NAC can polarize
tumor-infiltrating macrophages, resulting in improvement of the tumor
immune environment, which is similar to the depletion of stromal Tregs.
Although neoadjuvant therapies could improve the local tumor im-

mune environment, they did not contribute to the prolongation of RFS
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(Table S2). We found that lower densities of Ki67"&"CD4" and CD8*
T cells tended to correlate with a lower infiltration of Tregs (data not
shown), resulting in a shorter RFS. Further experiments are warranted
to uncover the role of CD4" T cells in the antitumor immune response
during neoadjuvant therapies, especially NAC.

In summary, we found that the evaluation of activated T cells
expressing Ki67 and their localization in tumors is a reliable immu-
nological marker for predicting the prognosis of locally advanced RC
patients who received neoadjuvant therapy. Our results were also
confirmed and practically validated by H&E staining and immuno-
histochemistry double staining (Figure S7). Previously, accumulation
of mononuclear cells around the carcinoma nest observed by H&E
staining was reported as a predictor of favorable prognosis.49 This
is in agreement with our findings on immunological features identi-
fied by mFIHC, which were associated with patient prognosis. There
are some limitations to our study, however. It has been reported that
MMR status could provide important information, eg, dMMR shows
increased tumor mutation burden associated with high T cell infil-
tration.>® However, in our study, we could not find any significant
difference in the TILs between dMMR and proficient MMR across
all groups (data not shown). We believe that the small population of
dMMR in all groups was why dMMR status had less impact on TIL
status. Moreover, this is a retrospective study that only used resected
tumor tissues from a patient cohort enrolled in our hospital. There
were no data on TILs before neoadjuvant therapies. In addition, al-
though the median value was used as a threshold for separation of
patients presenting with a high or low accumulation of lymphocytes,
the threshold of T cells expressing Kié7 associated with prognosis
has not been adequately studied. Therefore, a prospective study to
assess postoperative prognosis following neoadjuvant therapies is
warranted. Nevertheless, our findings can provide important insights
for determining advanced RC prognosis after neoadjuvant therapies.
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