
European Journal of Cancer 91 (2018) 11e20
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.ejcancer .com
Original Research
Pattern of programmed cell death-ligand 1 expression and
CD8-positive T-cell infiltration before and after
chemoradiotherapy in rectal cancer
Atsushi Ogura a,e, Takashi Akiyoshi a,*, Noriko Yamamoto b,
Hiroshi Kawachi b, Yuichi Ishikawa b, Seiichi Mori c, Koji Oba d,
Masato Nagino e, Yosuke Fukunaga a, Masashi Ueno a
a Department of Gastroenterological Surgery, Cancer Institute Hospital of Japanese Foundation for Cancer Research, 3-8-31,

Ariake, Koto-ku, Tokyo 135-8550, Japan
b Division of Pathology, Cancer Institute, Japanese Foundation for Cancer Research, Tokyo, Japan
c Division of Cancer Genomics, Cancer Institute, Japanese Foundation for Cancer Research, Tokyo, Japan
d Department of Biostatistics, The University of Tokyo, Tokyo, Japan
e Division of Surgical Oncology, Department of Surgery, Nagoya University Graduate School of Medicine, Nagoya, Japan
Received 28 September 2017; received in revised form 30 November 2017; accepted 2 December 2017

Available online 9 January 2018
KEYWORDS

PD-L1;

Immune checkpoint

inhibitor;

Immune stromal

PD-L1;

Rectal cancer;

CD8;

T cell;

Chemoradiotherapy;

Immunotherapy;

Tumour-infiltrating

lymphocyte;

Synergistic effect
* Corresponding author: Fax: þ81 3 3

E-mail address: takashi.akiyoshi@jfc

https://doi.org/10.1016/j.ejca.2017.12.005

0959-8049/ª 2017 Elsevier Ltd. All righ
Abstract Background: The synergistic effect of combining immune checkpoint inhibitors

with radiotherapy was reported recently, but there are few studies on programmed cell

death-ligand 1 (PD-L1) expression in rectal cancer treated by preoperative chemoradiotherapy

(CRT). The aim of the present study was to investigate the PD-L1 expression status before and

after CRT and its association with clinicopathological characteristics and recurrence in rectal

cancer.

Methods: Immunostainings of PD-L1 and CD8 were performed in 287 patients with rectal

cancer treated by CRT. PD-L1 expression on the tumour cells (tPD-L1) and on the stromal

immune cells (iPD-L1) was evaluated before and after CRT. CD8þ cell density in tumour area

(tCD8þ) before CRT and in the stromal area (sCD8þ) before and after CRT was also eval-

uated.

Results: High tPD-L1 expression was observed in only three patients (1.0%). High iPD-L1

expression significantly increased from 31.7% before CRT to 49.2% after CRT

(P < 0.0001). The increase in high iPD-L1 expression after CRT was only observed in patients

with tumour regression grades 1 and 2. High iPD-L1 expression was associated with high
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tCD8þ cell density before CRT (P < 0.0001) and sCD8þ cell density after CRT (P < 0.0001).

High tCD8þ cell density before CRT was associated with better disease-free survival (DFS)

(P Z 0.0331), but its improved effect on DFS could be observed in patients with high iPD-

L1 expression (P Z 0.0081), not in patients with low iPD-L1 expression (P Z 0.516).

Conclusion: The present study demonstrated the significant correlations between iPD-L1

expression and CD8þ cell density both before and after CRT.

ª 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Recently, some immune checkpoint inhibitors have

dramatically improved long-term prognoses in several
malignancies such as malignant melanoma, lung cancer

and renal cell cancer which had insufficient prognosis

with conventional treatment [1e3]. The programmed

cell death 1 (PD-1) pathway plays a crucial role, and

the programmed cell death-ligand 1 (PD-L1) is key,

which is expressed on the tumour cells and inflamma-

tory cells including T cells, B cells, dendritic cells and

macrophages [4,5]. It is well known that the binding of
PD-L1 on tumour cells to PD-1 receptors on T cells

suppresses T-cellemediated antitumour immune

response, which is called ‘immune tolerance’ [4], and

the blockade of this pathway gives a better prognosis in

some malignancies.

In colorectal cancer, microsatellite instability (MSI) is

the only potential biomarker to predict the outcome of

immune checkpoint inhibitors [6,7]. Recently, several
articles have suggested that irradiation has the following

effects on the immune system: increasing neo-antigens;

activating major histocompatibility complex (MHC)

class I, which exerts a neo-antigen-specific CD8þ T-cell

response; activating tumour-infiltrating lymphocytes;

and enhancing the diversity of intratumoural T-cell re-

ceptors, which influence the response of immune

checkpoint inhibitors [8,9]. In addition, the abscopal
effect, which is a response at the distant regions out of

the irradiated field, might be enhanced by combining

immune checkpoint inhibitors with radiotherapy [10,11].

From these points of view, several phase II clinical trials

combining immune checkpoint inhibitors with chemo-

radiotherapy (CRT) have been initiated in rectal cancer

(NCT02586610, NCT02948348). However, there are

only a few studies about PD-L1 expression in rectal
cancer treated by CRT.

In the present study, we aimed to evaluate the rela-

tionship between PD-L1 expression and clinicopatho-

logical characteristics, including CD8þ cell density and

tumour regression grade (TRG), in rectal cancer treated

by CRT. In addition, we aimed to analyse the long-term

outcomes according to the immune status focused on
PD-L1 expression and CD8þ cell density before and

after CRT.

2. Material and methods

2.1. Patients

This study was approved by the Scientific Review

Board of our hospital and carried out in accordance

with the Declaration of Helsinki. A total of 287

consecutive patients with clinical stage II/III low rectal

cancer who underwent curative intent surgery after
preoperative CRT between 2005 and 2014 at our hos-

pital were included. CRT consists of oral 5-fluorouracil

and a fractionated radiotherapy with a total dose of

45.0 or 50.4 Gy. The biopsy specimens before CRT

were available in 281 patients, except for six without

the specimens at our institution. The surgical speci-

mens were available in all patients. If no residual

tumour was detected, the center of the scar was
selected for analysis.

2.2. Immunohistochemistry

Biopsy specimens before CRT and surgical specimens
were immunostained with rabbit monoclonal anti-PD-

L1 antibody (dilution 1:1200, ab205921; Abcam, Cam-

bridge, UK) and mouse monoclonal anti-CD8 antibody

(dilution 1:100, clone C8/144B; Nichirei, Tokyo, Japan).

Four-micrometer-thick sections were cut from formalin-

fixed, paraffin-embedded blocks and mounted on silane-

coated glass slides, which were immunostained using the

Leica Bond III automated system (Leica Biosystems
Melbourne Pty Ltd, Australia).

2.3. Immunohistochemical scoring of PD-L1 expression

PD-L1 expression was evaluated by one pathologist
(N.Y.). PD-L1 expression on the tumour cells was

defined as tPD-L1 and that on the stromal immune cells

was defined as iPD-L1. The staining intensity was

evaluated as follows: 0, negative; 1, very weak expres-

sion; 2, moderate expression and 3, strong expression
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Fig. 1. Immunohistochemical scoring of stromal immune pro-

grammed cell death-ligand 1 (PD-L1). (A) Intensity 0, (B) In-

tensity 1, (C) Intensity 2, and (D) Intensity 3.
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(Fig. 1). The staining intensity of two or three in more

than 5% of tumour cells or stromal immune cells was
considered high tPD-L1 or high iPD-L1 expression,

respectively. Patients other than those with high tPD-L1

or iPD-L1 expression were classified as low tPD-L1 or

iPD-L1 expression, respectively. A 5% expression

threshold was selected to define PD-L1 positivity

because 5% was the most used cut-off point in previous
A
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Fig. 2. Immunohistochemical staining of CD8. In biopsy specimens

lymphocytes were quantified by Aperio ImageScope using Nuclear v

score 3 (�20) (B). In surgical specimens, the most abundant regions wit

analysis (C). Magnified view of the boxed area (D and E). (For interp

reader is referred to the Web version of this article.)
studies [5,12e14]. In surgical specimens, iPD-L1

expression was evaluated in the entire tumour area

including the regressed lesion.

2.4. Quantification of CD8 expression

The slides of each whole section were scanned by the

Aperio ImageScope system (Leica Biosystems, New-
castle, UK) at 20� magnification, and the number of

immunostained nuclei in each selected area was counted.

This analysis was performed blinded to clinicopatho-

logical information. In biopsy specimens, two fields with

the most abundant tumour-infiltrating CD8-positive

lymphocytes were selected and analysed in 0.6 square

millimeters, which is the usual size of tissue microarray.

The neoplastic areas were marked to count tumour-
infiltrating lymphocytes and stromal lymphocytes sepa-

rately (Fig. 2A and B). No fields could be evaluated in

six patients because precise evaluation was impossible,

and only one field could be evaluated in 23 patients

because the biopsied tissue was insufficient. In surgical

specimens after CRT, CD8þ lymphocytes were evalu-

ated in 2e4 fields with the most abundant lymphocytes

within 1.0 square millimeters in the area with only
stromal tissue (Fig. 2C, D, and E) because it is difficult

to accurately identify the boundary of the neoplastic

area after CRT [15,16]. An area of stromal tissue adja-

cent to the residual tumour or adjacent to the fibrotic
E

, neoplastic epithelial areas were selected (A), and CD8-positive

9 algorithm. blue score 0; yellow score 1; orange score 2 and red

h CD8-positive cells at the tumour-invasive front were selected for

retation of the references to color/colour in this figure legend, the
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area that would represent the tumour stroma in cases of

pathological complete response was evaluated. The

average density (cells/mm2) of CD8þ cells was calcu-

lated. CD8þ cell densities were divided into two groups

(high versus low) according to a median split. The

CD8þ cell density in tumour areas was defined as

tCD8þ cell density and that in the stromal area was

defined as sCD8þ cell density.

2.5. Tumour regression grade

Tumour regression grade (TRG) of a primary
tumour after preoperative CRT was semi-quanti

tatively evaluated on haematoxylin and eosin-stained

slides according to Dworak’s criteria [17]: TRG 0,

tumour without regression; TRG 1, dominant tumour

mass with obvious fibrosis; TRG 2, dominantly fibrotic

changes with few tumour cells; TRG 3, very few

tumour cells in the fibrotic tissue and TRG 4, no viable

tumour cells.

2.6. Statistical analysis

Categorical variables were compared using the chi-
square test or Fisher’s exact test. Continuous variables

were analysed with the ManneWhitney U-test. The

KaplaneMeier method with the log-rank test was

used for survival analyses. The overall survival (OS)

was defined as the time from surgery to death from
Before CRT (N=281)

308.0=P

iPD-L1 High (N=89)iPD-L1 Low (N=192) iPD-L1 Lo

29 (10.3%)
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54 (36.5

15 (10.1

35 (23.7

Fig. 3. The distribution of maximum staining intensity of stromal imm

(B) chemoradiotherapy (CRT). The lower panel shows the distributio

status before (A) and after (B) CRT.
any cause. The disease-free survival (DFS) was defined

as the time from surgery to death from any cause or

any recurrence. All P values less than 0.05 were

considered statistically significant. Univariate and

multivariate analyses were performed using the Cox

proportional hazard model to evaluate the predictors

of recurrence. Variables with P values less than 0.05

by univariate analysis were examined by multivariate
analysis. Statistical analysis was performed using

PRISM software (GraphPad Software Inc., San

Diego, CA, USA).

3. Results

3.1. PD-L1 protein expression before and after CRT

High tPD-L1 expression was identified in only three
patients (1.0%) both before and after CRT

(Supplementary Table 1). The percentage of patients

with high iPD-L1 expression significantly increased

from 31.7% before CRT to 49.2% after CRT

(P < 0.0001) (Fig. 3). The TRG was not significantly

different according to the iPD-L1 expression before

CRT (PZ 0.803; Fig. 3A) but was significantly different

after CRT (P < 0.0001; Fig. 3B); the percentage of pa-
tients with TRG 3 and 4 was significantly lower in pa-

tients with high iPD-L1 expression compared with low

iPD-L1 expression after CRT (15.1% versus 33.8%).

The percentage of patients with high iPD-L1 expression
After CRT (N=287)

1000.0<P

TRG 1
TRG 2
TRG 3
TRG 4

two cases with less than 5% of intensity 2

iPD-L1 High (N=139)w (N=148)

116 (40.4%)

)

92 (32.1%)

49 (17.1%)

iPD-L1 Intensity 0
iPD-L1 Intensity 1
iPD-L1 Intensity 2
iPD-L1 Intensity 3

76 (54.7%)

42 (30.2%) 12 (8.6%)

9 (6.5%)

44 (29.7%)

%)

%)

%)

une programmed cell death-ligand 1 (iPD-L1) before (A) and after

n of tumour regression grades according to iPD-L1 high or low
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significantly increased after CRT in patients with TRG 1

and 2 (P < 0.0001, Supplementary Fig. 1A) but did not

increase in patients with TRG 3 and 4 (P Z 0.675,

Supplementary Fig. 1B).

3.2. PD-L1 expression and clinicopathological

characteristics

Clinicopathological characteristics according to the

iPD-L1 expression level before and after CRT are

summarized in Table 1. Before CRT, clinicopathological
Table 1
Patient characteristics according to the stromal immune programmed cell

(N Z 287) chemoradiotherapy (CRT).

Variables Before CRT (N Z 281)

iPD-L1 low

(n Z 192)

iPD-L1 high

(n Z 89)

Sex

Male 137 (71.4%) 54 (60.7%)

Female 55 (28.6%) 35 (39.3%)

Age (years) (range) 61 (27e81) 60 (35e76)

Distance of tumour from

AV (mm) (range)

40 (0e85) 40 (10e100)

Pre-treatment CEA

(ng/mL) (range)

3.3 (0.5e154.2) 3.8 (0.5e143.5)

Pre-treatment CA19-9

(ng/mL) (range)

7.7 (2.0e687.7) 7.5 (2.0e1558.0

Operative procedure

Low anterior resection 88 (45.8%) 39 (43.8%)

Intersphincteric resection 44 (22.9%) 20 (22.5%)

Hartmann’s procedure 3 (1.6%) 4 (4.5%)

Abdominoperineal resection 56 (29.2%) 26 (29.2%)

Total pelvic exenteration 1 (0.5%) 0

ypT

Complete responsea 28 (14.6%) 16 (18.0%)

ypT1 11 (5.7%) 5 (5.6%)

ypT2 59 (30.7%) 29 (32.6%)

ypT3 87 (45.3%) 37 (41.6%)

ypT4 7 (3.7%) 2 (2.2%)

ypN

ypN0 128 (66.7%) 67 (75.3%)

ypN1 46 (24.0%) 16 (18.0%)

ypN2 18 (9.3%) 6 (6.7%)

Tumour grading

G1/G2 179 (93.2%) 85 (95.5%)

G3 13 (6.8%) 4 (4.5%)

Histological subtype

Mucinous adenocarcinoma 1 (0.5%) 1 (1.1%)

Signet-ring cell carcinoma 2 (1.0%) 0

Other 189 (98.5%) 88 (98.9%)

Lymphovascular invasion

Positive 105 (54.7%) 40 (44.9%)

Negative 87 (45.3%) 49 (55.1%)

Adjuvant chemotherapy

Yes 87 (45.3%) 36 (40.5%)

No 105 (54.7%) 52 (58.4%)

Unknown 0 1 (1.1%)

tCD8þ cell density (/mm2) (range) 61.6 (10.7e1707.3) 111.4 (20.1e15

sCD8þ cell density (/mm2) (range) 261.9 (18.6e1395.8) 290.8 (27.1e16

AV, anal verge; CEA, carcinoembryonic antigen; CA19-9, carbohydrate an
a Four patients with only intraepithelial residual neoplastic lesion were c
characteristics were not significantly different except for

the tCD8þ cell density (P < 0.0001) according to the

iPD-L1 expression status (Table 1 and Fig. 4); tCD8þ
cell density was significantly higher in patients with high

iPD-L1 expression compared with low iPD-L1 expres-

sion (Fig. 4A), but sCD8þ cell density was not signifi-

cantly different (Fig. 4B). After CRT, high iPD-L1

expression was associated with high sCD8þ cell den-
sity (P < 0.0001; Fig. 4C), lower tumour height

(P Z 0.0476), lower anus-preserving operative proced-

ure (P Z 0.0153), advanced ypT-stage (P Z 0.0017) and
death-ligand 1 (iPD-L1) expression level before (N Z 281) and after

After CRT (N Z 287)

P iPD-L1 low

(n Z 148)

iPD-L1 high

(n Z 139)

P

0.0768 0.888

100 (67.6%) 95 (68.4%)

48 (32.4%) 44 (31.6%)

0.556 61 (28e81) 59 (27e77) 0.129

0.960 42.5 (10e100) 40 (0e85) 0.0476

0.522 3.7 (0.5e154.2) 3.2 (0.5e143.5) 0.286

) 0.924 7.9 (2.0e313.3) 7.5 (2.0e1558.0) 0.928

0.602 0.0153

78 (52.7%) 52 (37.4%)

35 (23.6%) 31 (22.3%)

2 (1.4%) 5 (3.6%)

32 (21.6%) 51 (36.7%)

1 (0.7%) 0

0.897 0.0017

35 (23.7%) 9 (6.5%)

7 (4.7%) 9 (6.5%)

45 (30.4%) 46 (33.1%)

58 (39.2%) 69 (49.6%)

3 (2.0%) 6 (4.3%)

0.345 0.345

97 (65.6%) 102 (73.4%)

36 (24.3%) 27 (19.4%)

15 (10.1%) 10 (7.2%)

0.445 0.907

139 (93.9%) 131 (94.2%)

9 (6.1%) 8 (5.8%)

0.538 0.998

1 (0.7%) 1 (0.7%)

1 (0.7%) 1 (0.7%)

146 (98.6%) 137 (98.6%)

0.128 0.0073

65 (43.9%) 83 (59.7%)

83 (56.1%) 56 (40.3%)

0.490 0.397

66 (44.6%) 60 (43.2%)

81 (54.7%) 79 (56.8%)

1 (0.7%) 0

81.7) <0.0001 e e e

67.9) 0.139 403.6 (28.5e1689.1) 620.0 (36.9e2378.7) <0.0001

tigen 19-9.

ategorized as complete response.
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Fig. 4. Tumour or stromal CD8-positive T-cell density before and after chemoradiotherapy (CRT) according to the stromal immune

programmed cell death-ligand 1 (iPD-L1) expression status. Tumour-infiltrating (A) and stromal (B) CD8-positive T-cell density in biopsy

specimens before CRT. Stromal CD8-positive T-cell density in surgical specimens after CRT (C).
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Fig. 5. Disease-free survival (DFS) according to the stromal immune programmed cell death-ligand 1 (iPD-L1) expression status before

(A) and after (B) chemoradiotherapy (CRT). DFS according to the tumour-infiltrating CD8-positive T-cell density (high or low) before

CRT (C) and DFS according to the stromal CD8-positive T-cell density (high or low) in surgical specimens after CRT (D).
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presence of lymphovascular invasion (P Z 0.0073)

(Table 1).

3.3. PD-L1 expression or CD8þ cell density and survival

The median follow-up duration for survivors was 57.0

months (1.4e116.6). In univariate analysis for DFS, the

high iPD-L1 expression was not a significant predictive

factor for a better DFS both before and after CRT

(PZ0.195,0.763, respectively;Fig.5AandB).Meanwhile,

patients with high tCD8þ cell density had significantly

improved DFS compared to those with low tCD8þ cell
density before CRT (P Z 0.0331) (Fig. 5C). sCD8þ cell

densityafterCRTwasnotassociatedwithDFS(PZ0.311)

(Fig. 5D). Neither PD-L1 expression nor CD8þ cell den-

sity before and after CRT were predictive of OS.
3.4. Combined status of CD8þ cell density and PD-L1

expression and survival

In patients with high iPD-L1 expression, those with high

tCD8þ cell density before CRT and those with high

sCD8þ cell density after CRT had significantly

improved DFS (P Z 0.0081, 0.0486, respectively;

Fig. 6A and B). In contrast, in patients with low iPD-L1

expression, tCD8þ cell density before CRT and sCD8þ
cell density after CRT were not associated with DFS

(P Z 0.516, 0.721, respectively; Fig. 6C and D). Multi-
variate analysis showed that DFS tended to be better in

patients with high iPD-L1 and high tCD8þ cell density,

but the difference did not reach statistical significance

(hazard ratio 1.999, 95% confidence interval

0.846e4.725, P Z 0.115, Table 2)



Table 2
Univariate and multivariate analysis for disease-free survival (DFS).

Variables N No with event (%) Univariate analysis Multivariate analysis

5y-DFS P HR 95% CI P

Sex 0.397

Male 195 40 (20.5) 79.1

Female 92 23 (25.0) 73.3

Age 0.351

�60 145 28 (19.3) 80.7

>60 142 35 (24.6) 73.9

Distance from anal verge 0.202

40e80 131 24 (18.3) 80.2

<40 156 39 (25.0) 74.8

Operative procedure 0.0064 0.0498

Anus preserving 203 36 (17.7) 81.8 1

Anus non-preserving 84 27 (32.1) 66.8 1.710 1.001e2.923

ypT <0.0001 0.0020

CR-ypT2 151 15 (9.9) 90.6 1

ypT3-4 136 48 (35.3) 62.5 2.974 1.491e5.934

ypN <0.0001 0.0006

Negative 199 26 (13.1) 86.8 1

Positive 88 37 (42.0) 56.4 2.722 1.533e4.830
Lymphovascular invasion 0.0002 0.825

Negative 139 18 (12.9) 86.5 1

Positive 148 45 (30.4) 68.4 1.084 0.532e2.208

Tumour regression grade 0.0366 0.404

TRG 3e4 71 9 (12.7) 86.5 1

TRG 1e2 216 54 (25.0) 74.2 1.455 0.603e3.511

Tumour grading 0.0074 0.173

G1/G2 270 55 (20.4) 78.8 1

G3 17 8 (47.1) 52.9 1.714 0.790e3.717

Adjuvant chemotherapy 0.0717

No 160 29 (18.1) 81.6

Yes 126 34 (27.0) 71.9

tCD8þ/iPD-L1 before CRT 0.0117 0.115

High/high 60 6 (10.0) 91.5 1

Others 215 56 (26.0) 72.7 1.999 0.846e4.725
sCD8þ/iPD-L1 after CRT 0.207

High/high 86 15 (17.4) 82.9

Others 199 48 (24.1) 74.6

CR, complete response; TRG, tumour regression grade; PD-L1, programmed cell death-ligand 1; CRT, chemoradiotherapy.
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4. Discussion

This is the largest study so far to demonstrate a strong

correlation between iPD-L1 expression and CD8þ cell

density before and after CRT in rectal cancer.

To date, few studies have evaluated PD-L1 expres-

sion after CRT in all malignancies including rectal

cancer [18e22]. The pattern of PD-L1 expression was
classified into tPD-L1 and iPD-L1 in the present study.

tPD-L1 positivity depends on the kinds of malignancies

[14], and the tPD-L1 positive rate in the present study

was very low (1.0%) and did not increase after CRT. In

fact, the rate of tPD-L1 expression in colorectal cancer

has been reported in some articles. Hecht et al. reported

that the percentage of tPD-L1 high expression was 2.1%

in rectal cancer before CRT [20]. Lee et al. reported that
high tPD-L1 expression was identified in 4.8% of the

total cohort, consisting of 2.2% in the mismatch-repair-

proficient group and 17.9% in the mismatch-repair-
deficient group [7]. Taking the low rate of MSI-high in

rectal cancer [6] into account, the rate of high tPD-L1
expression in the present study was not excessively

lower than in other reports.

However, in about one-third of patients who had

high iPD-L1 expression before CRT, the rate of high

iPD-L1 expression significantly increased after CRT in

the present study. In patients with TRG 3 and 4, the

increase in high iPD-L1 expression was not demon-

strated, which might result from losing the interaction
between tumour and immune cells. The increase in iPD-

L1 expression induced by CRT is noteworthy because

iPD-L1 expression might be associated with a higher

response rate to anti-PD-L1 blockade [23]. Lee at al.

reported that tPD-L1 and iPD-L1 expression was

significantly higher in MSI-high colorectal cancer

compared with those in microsatellite stable colorectal

cancer (23.1% versus 2.0% for tPD-L1 and 57.5% versus
30.7% for iPD-L1) [24]. Kim et al. reported that iPD-L1
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expression in MSI-high colorectal cancer is associated

with higher tumour-infiltrating CD3þ T-cell density

[25]. MSI-high colorectal cancer is characterized by high

mutation load, a high level of tumour-infiltrating lym-

phocytes, and high expression of PD-L1 on tumour and

stromal immune cells, which may help MSI-high cancer

evade immune destruction [26]. In CRT-treated rectal

cancer, the mechanisms of the iPD-L1 expression in-
crease after CRT remain to be elucidated. High sCD8þ
cell density after CRT, which could be induced by

increased tumour neo-antigen release by CRT [27], was

associated with high iPD-L1 expression. One hypothesis

is that if the elevated expression of iPD-L1 after CRT is

related to an immune-suppressive microenvironment

like that seen in MSI-high colorectal cancer, immune

checkpoint blockade might improve the response to
CRT in iPD-L1 high rectal cancer. Future studies are

warranted to investigate whether a combination of CRT

and immune checkpoint blockade could improve the

response rate in rectal cancer.

This study also investigated the association between

iPD-L1 expression and prognosis, and we showed that

the iPD-L1 expression status was not associated with

DFS and OS. In colorectal cancer, Lee et al. analysed
the PD-L1 expression of 339 colorectal cancers and

demonstrated that the iPD-L1 expression was an inde-

pendent predictive factor for improved OS, both in

microsatellite stable and MSI-high colorectal cancer

[24]. In rectal cancer, Hecht et al. investigated the clin-

ical effect of CRT on PD-L1 expression and the prog-

nosis in patients with rectal cancer [20]. They studied

199 patients with rectal cancer treated by CRT and
evaluated PD-L1 expression in cancer and inflammatory

cells, which were located in the tumour center and the

invasive front [20]. They showed that the low PD-L1

expression in both cancer and inflammatory cells was

a significant prognostic factor for an adverse OS in

multivariate analysis. However, 66 patients, whose

specimens were available both before and after CRT in

their study, is a much lower number than the 285 pa-
tients in the present study. In addition, a significant

number of stage IV patients (18%) were included, and

the percentage of Nþ patients was very high (62%) in

their study. Interestingly, we showed that improved

DFS in patients with high tCD8þ cell density before

CRT could only be seen in patients with high iPD-L1,

although we could not show an independent associa-

tion with improved DFS in patients with both high
tCD8þ cell density and high iPD-L1 (P Z 0.115). The

association of tumour-infiltrating CD8þ T cells with

better prognosis has been well established in colorectal

cancer [28]. Better DFS only in patients with high iPD-

L1 expression suggests that PD-L1 expression in im-

mune stromal cells does not simply mean an immuno-

suppressive microenvironment but might reflect more

activated antitumour immunity that includes INFg
production [5].
Our study has several limitations. First, this was a

retrospective study at a single institution. Second, the

antibody for PD-L1 immunostaining and the method

of evaluation are not yet standardized, and we used

only one antibody to evaluate PD-L1 staining. Third,

dynamic changes in PD-L1 expression during CRT

were not evaluated; we evaluated biopsy specimens

before CRT and surgical specimens after CRT that
were resected more than 1 month after the completion

of CRT. It would be very interesting to evaluate

whether iPD-L1 expression increases during CRT,

especially in patients with TRG 3 and 4. Fourth, the

comparison of small biopsy specimens and larger sur-

gical resection specimens is a challenging task because

PD-L1 is a marker that is expressed extremely het-

erogeneously throughout the tumour. Finally, the
component of stromal immune cells that had high PD-

L1 expression was not evaluated. Further studies are

necessary to identify the detailed characteristics and

function of PD-L1 high immune stromal cells before

and after CRT.

In conclusion, the present study demonstrated sig-

nificant correlations between iPD-L1 expression and

CD8þ cell density both before and after CRT. iPD-L1
expression significantly increased after CRT only in

patients with TRG 1 and 2. High iPD-L1 expression was

associated with high tCD8þ cell density before CRT

and sCD8þ cell density after CRT. Improved DFS in

patients with high tCD8þ cell density could only be

observed in patients with high iPD-L1. These findings

may have important implications for a possible com-

bined therapy of immune checkpoint inhibitors and
CRT in rectal cancer.
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