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were significantly lower than in patients with low PD-L1 
expression (P = 0.0322).
Conclusion  Our data suggest that inhibition of PD-L1 
may be a new immunotherapeutic strategy to reduce tumor 
recurrence and improve prognosis in patients with rectal 
cancer after neoadjuvant CRT.
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Introduction

Rectal cancer is one of the most common types of cancer 
in Japan and other developed nations. The introduction of 
preoperative chemoradiotherapy (CRT) and total mesorec-
tal excision (TME) for the management of locally advanced 
rectal cancer has decreased the local recurrence rate [1–4]. 
However, preoperative CRT does not improve survival, and 
disease recurrence remains the major cause of mortality in 
rectal cancer patients [5]. Identification of predictors of dis-
ease recurrence and poor prognosis would aid in the suc-
cessful treatment of these patients and in the discovery of 
new therapeutic strategies.

Interactions between the programmed cell death 1 (PD-
1) receptor and its ligands (PD-L1/2) have been suggested 
as a potential mechanism of tumor immune tolerance and 
escape [6, 7]. Recent data show that high PD-L1 levels in 
tumor cells are associated with increased aggressiveness 
and poor prognosis in many malignancies [8]. PD-L1 is 
expressed by T and B cells, macrophages, and dendritic 
cells, and is up-regulated upon activation by interferons 
[9, 10]. Up-regulation of PD-1 ligands has been reported 
in many malignancies including melanoma, lung cancer, 
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renal cell carcinoma, ovarian cancer, colorectal cancer [11], 
breast cancer [12], and osteosarcoma [13], and has been 
suggested to play a central role in tumor−immune system 
interactions [14, 15]. The expression of PD-L1 on tumor 
cells was shown to suppress the cytotoxic activity of CD8-
positive T cells [16, 17], and functional PD-L1 expressed 
on transformed cells suppresses T-cell interleukin-2 (IL-2) 
production, which further inhibits T-cell proliferation and 
survival [18]. Therefore, inhibition of PD-L1 expression 
can improve the ability of T cells to attack tumor cells.

Currently, preclinical and clinical studies are ongoing 
using anti-PD-1/PD-L1 agents such as nivolumab as a new 
immunotherapeutic target for several malignancies [7]. 
Therefore, in the present study, we retrospectively investi-
gated the association between PD-L1 expression and clin-
icopathological variables in rectal cancer after neoadju-
vant CRT. Moreover, we evaluated the correlation between 
PD-L1 expression and tumor-infiltrating T cells (TILs), and 
between CD8- and Foxp3-positive cells.

Materials and methods

Patients and specimens

From August 2003 to May 2014, 100 patients with rec-
tal cancer received preoperative CRT followed by sur-
gery at Mie University Hospital (Mie, Japan). Of these, 4 
patients exhibited a complete pathological response and 
were excluded from participation. Samples from 6 cases 
were in poor condition or not available. Finally, a total of 
90 patients were enrolled in this study. The study design 
was approved by the ethics review board of Mie University 
Hospital. All patients provided informed consent to allow 
the use of their tissues in this study.

5‑Fluorouracil (5‑FU)‑based CRT regimen

Patients with rectal cancer were treated with a short course 
(20 Gy in 4 fractions) or a long course (45 Gy in 25 frac-
tions) of radiotherapy using a 4-field box technique with 
concurrent chemotherapy to take advantage of 5-FU radi-
osensitization, as described previously [19]. In total, 43 
patients received short-course radiotherapy with chemo-
therapy for 1  week. The remaining 47 patients received 
long-course radiotherapy with chemotherapy for 4 weeks. 
The time interval between preoperative CRT and sur-
gery was 2–3  weeks for short-course radiotherapy and 
4–6  weeks for long-course radiotherapy. Patients under-
went standard surgery, including TME, and received 
5-FU-based adjuvant chemotherapy following surgery for 
6 months to 1 year.

Clinical and pathological responses to CRT

Clinical responses following preoperative CRT were evalu-
ated by barium enema, endoscopy, computed tomogra-
phy, and magnetic resonance imaging. Clinical responses 
were graded as complete responses, partial responses, no 
change, or progressive disease. The tumor regression grade 
(TRG) was evaluated using the 3-point Ryan TRG system 
[20]. In the 3-point Ryan system, a TRG of 1 (no viable 
cancer cells) and 2 (single or small groups of cancer cells) 
are combined into one category (TRG1), while a TRG of 
3 (residual cancer outgrown by fibrosis) constitutes TRG2, 
and a TRG of 4 (significant fibrosis outgrown by cancer) 
and 5 (no fibrosis with extensive residual cancer) are com-
bined into TRG3.

PD‑L1, CD8, and Foxp3 immunohistochemistry

Formalin-fixed paraffin-embedded specimens were sliced 
into 5-μm sections. After deparaffinization and dehydra-
tion, the sections were placed in 10  mM sodium citrate 
buffer (pH 6.0) and autoclaved at 121  °C for 10  min for 
antigen retrieval. Sections were incubated in 3 % hydrogen 
peroxide for 10 min, blocked by normal goat serum (Vector 
Laboratories Inc., Burlingame, CA, USA) for 1 h, and incu-
bated with primary antibody overnight at 4 °C for PD-L1 
and Foxp3 and for 1 h at room temperature for CD8. Mon-
oclonal mouse anti-human PD-L1 (CD274) antibody (clone 
27A2; LifeSpan BioSciences, Seattle, WA, USA; dilu-
tion 1:100), monoclonal rabbit anti-human CD8 antibody 
(clone EP1150; GeneTex, San Antonio, TX, USA; dilu-
tion 1:1,000) for cytotoxic T cells, and monoclonal mouse 
anti-human Foxp3 antibody (clone 236A/E; Abcam, Cam-
bridge, UK; dilution 1:100) for regulatory T cells were used 
as primary antibodies at a dilution of 1:100, together with a 
labeled streptavidin–biotin system (EnVision +  DualLink 
System-HRP; Dako Cytomation, Glostrup, Denmark). 
Antibody binding was visualized using 3,3′-diaminoben-
zidine (Dako Cytomation). Negative controls using preim-
mune immunoglobulin were performed simultaneously.

Evaluation of PD‑L1 immunostaining and counts 
of CD8‑ and Foxp3‑positive cells

PD-L1 expression was evaluated under a light microscope 
(BX50; Olympus, Tokyo, Japan). The staining intensity 
was scored as 0 = negative, 1 = weak, 2 = moderate, and 3 
= strong. We defined a staining intensity score of 2 or 3 as 
high PD-L1 expression. The numbers of CD8- and Foxp3-
positive cells per five fields at a magnification of 400× 
were counted under light microscopy, and median counts 
were recorded. Each sample was evaluated in a blinded 
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manner by two investigators (KM and SI) who did not have 
any clinical or pathological information regarding the ori-
gin of the samples.

Statistical analyses

Statistical analyses were performed using Stat View 5.0 for 
Windows (SAS Institute Inc., Cary, NC, USA). Significant 
differences were analyzed using the chi-squared test. Cor-
relation between continuous and categorical variables was 
evaluated using the Mann–Whitney U test for two groups. 
The correlations between variables were assessed with the 
Spearman rank correlation coefficient. Recurrence-free 
survival (RFS) for 82 patients with R0 resection, which 
means no microscopic residual tumor cells and overall sur-
vival (OS) for all patients were calculated from the date of 
surgery to the date of disease recurrence or patient death, 
respectively. RFS and OS probabilities were calculated 
using the Kaplan–Meier method, and intergroup differ-
ences were determined using the log-rank test. Logistic 
regression analysis was used to evaluate whether PD-L1 
expression predicted tumor recurrence as the final analysis. 
The influence of prognostic predictors identified via uni-
variate analysis was assessed by multivariate analysis using 
Cox’s proportional hazards model. P < 0.05 was considered 
to indicate statistical significance.

Results

Patients and tumor characteristics

The study included 64 men and 26 women, with a median 
age of 64  years (range 33–80  years). Post-CRT patho-
logical T stages were ypT0 (n = 5), ypT1 (n = 10), ypT2 
(n = 25), ypT3 (n = 47), and ypT4 (n = 3). In total, 31 
patients (34.4 %) presented with lymph node metastases. 
Eighty tumors (88.9 %) had well-differentiated or moder-
ately differentiated adenocarcinoma histology. Overall, 24 
(29.2  %) of 82 patients who received therapy with cura-
tive intent experienced tumor recurrence—local recur-
rence alone occurred in 8 patients (9.7  %), while distant 
recurrence occurred in 16 patients (19.5  %) (Table  1). 
The median follow-up period was 46  months (range 
2–139 months).

PD‑L1 immunohistochemical findings

PD-L1 expression was observed in the cytoplasm and 
nucleus of cancer cells (Fig. 1). CD26 staining scores were 
0 in 6 patients, 1 in 48 patients, 2 in 26 patients, and 3 in 
10 patients. Thirty-six patients (40 %) were included in the 
high PD-L1 expression group.

Correlation between PD‑L1 expression 
and clinicopathological variables

Table 1 shows the correlation between PD-L1 and clinico-
pathological variables. Patients with high PD-L1 expres-
sion more frequently had vascular invasion compared to 
patients with low PD-L1 expression (P =  0.0225). High 
PD-L1 expression was significantly associated with tumor 

Table 1   Patient characteristics and correlation between PD-L1 
expression and clinicopathological variables

Well well-differentiated adenocarcinoma, mod moderately differenti-
ated adenocarcinoma, por poorly differentiated adenocarcinoma, sig 
signet ring cell carcinoma, muc mucinous carcinoma, TRG tumor 
regression grade

* Chi-squared test

Variable Number PD-L1 low 
(n = 54)

PD-L1 high 
(n = 36)

P value*

Gender

 Male 64 37 27 0.5063

 Female 26 17 9

Age

 <64 years 45 26 19 0.6670

 ≥65 years 45 28 17

ypT

 T1/2 40 27 13 0.1939

 T3/4 50 27 23

ypN

 Negative 59 38 21 0.2391

 Positive 31 16 15

Lymphatic invasion

 Negative 43 29 14 0.1681

 Positive 47 25 22

Vascular invasion

 Negative 60 41 19 0.0225

 Positive 30 13 17

Stage

 I/II 55 37 18 0.0775

 III/IV 35 17 18

Histology

 Well/mod 80 49 31 0.4936

 Por/sig/muc 10 5 5

TRG

 Non- 
responder

62 34 28 0.1369

 Responder 28 20 8

Radiation

 Short 43 26 17 0.9313

 Long 47 28 19

Recurrence (curative intent 82 cases)

 Absent 58 41 17 0.0051

 Present 24 9 15
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recurrence in patients who received treatment with cura-
tive intent (P = 0.0051).

Survival analysis based on PD‑L1 expression

High PD-L1 expression was significantly associated with 
poor RFS and OS (P =  0.0027 and P =  0.0357, respec-
tively) (Fig.  2). Cox’s univariate proportional hazards 
analysis of RFS indicated that serosal invasion, lymph 
node metastasis, vascular invasion, and high PD-L1 expres-
sion were significantly associated with tumor recurrence 
(P =  0.0195, P =  0.0002, P =  0.0050, and P =  0.0047, 
respectively). Lymph node metastasis and high PD-L1 
expression were identified as independent risk factors for 
tumor recurrence in multivariate analysis (P = 0.0051 and 
P = 0.0249, respectively) (Table 2A). Lymph node metas-
tasis and high PD-L1 expression were significantly asso-
ciated with poor survival in the Cox’s univariate propor-
tional hazards analysis of OS (P = 0.0072 and P = 0.0410, 
respectively). Moreover, both features were identified 
in multivariate analysis as independent prognostic fac-
tors in patients with rectal cancer after neoadjuvant CRT 
(P = 0.005 and P = 0.0279, respectively) (Table 2B).

Correlation between PD‑L1 expression 
and tumor‑infiltrating lymphocytes

The median number of infiltrating CD8- and Foxp3-
positive cells were 13 (range 1–90) and 22 (range 1–78), 
respectively. A significant positive correlation was observed 
between the numbers of infiltrating CD8- and Foxp3-pos-
itive cells (Spearman’s ρ 0.369, P  =  0.0005) (Fig.  3a). 
Numbers of infiltrating CD8-positive cells in patients 
with high PD-L1 expression were significantly lower than 
those in patients with low PD-L1 expression (P = 0.0322) 
(Fig.  3b). However, no significant correlation between 
PD-L1 expression and the number of infiltrating Foxp3-
positive cells was observed (Fig. 3c).

Discussion

In the present study, high PD-L1 expression was signifi-
cantly associated with tumor recurrence and poor prog-
nosis in rectal cancer after neoadjuvant CRT. Our present 
data are also consistent with previous reports in rectal can-
cer patients treated with neoadjuvant CRT. To the best of 

Fig. 1   PD-L1 immunohistochemical findings. PD-L1 expression was observed in the cytoplasm and nucleus of cancer cells. Weak (a), moderate 
(b), and strong (c) expression of PD-L1. Scale bar 100 μm

Fig. 2   Kaplan–Meier survival 
curves of PD-L1 expression 
based on immunohistochemical 
analysis. High PD-L1 expres-
sion was significantly correlated 
with poor recurrence-free sur-
vival (a) and overall survival (b)
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our knowledge, this is the first report about PD-L1 in rectal 
cancer after neoadjuvant CRT.

TILs are widely considered to reflect primary host 
immune responses against solid tumors. Several authors 
have reported that a high density of TILs predicts a 

favorable clinical outcome in colorectal cancer [21–23]. 
We previously investigated the correlation between TILs 
and clinicopathological variables in 157 patients with 
stage I−III colorectal cancer who did not receive preopera-
tive therapy and showed that a low number of infiltrating 

Table 2   Univariate and 
multivariate analyses of OS and 
DFS (Cox proportional hazards 
regression model)

HR hazard ratio, CI confidence interval, por poorly differentiated adenocarcinoma, sig signet ring cell car-
cinoma, muc mucinous carcinoma, TRG tumor regression grade

Variables HR 95 % CI P value HR 95 % CI P value

A. RFS for 82 patients with curative intent

 Gender (male) 1.012 0.401–2.551 0.9800

 Age (>median) 1.081 0.476–2.363 0.8855

 ypT (>T3) 3.014 1.194–7.607 0.0195 1.405 0.442–4.465 0.5647

 ypN (positive) 4.736 2.068–10.846 0.0002 3.822 1.457–9.759 0.0051

 Lymphatic invasion (positive) 1.762 0.754–4.120 0.1910

 Vascular invasion (positive) 3.213 1.423–7.258 0.0050 1.195 0.412–3.464 0.7424

 Histology (por/sig/muc) 1.346 0.401–4.531 0.6304

 TRG (non-responder) 2.333 0.870–6.260 0.0924

 PD-L1 (high) 3.311 1.444–7.591 0.0047 2.856 1.141–7.149 0.0249

B. OS for 90 patients

 Gender (male) 0.640 0.276–1.485 0.2984

 Age (>median) 1.706 0.766–3.800 0.1911

 ypT (>T3) 1.760 0.759–4.083 0.1876

 ypN (positive) 2.971 1.343–6.574 0.0072 3.153 1.413–7.034 0.005

 Lymphatic invasion (positive) 1.259 0.556–2.852 0.5815

 Vascular invasion (positive) 1.656 0.750–3.654 0.2118

 Histology (por/sig/muc) 1.546 0.530–4.510 0.4253

 TRG (non-responder) 1.554 0.620–3.897 0.3474

 PD-L1 (high) 2.278 1.034–5.016 0.0410 2.452 1.102–5.456 0.0279

Fig. 3   Positive correlation 
between infiltrating CD8- and 
Foxp3-positive cell count (a). 
Correlation of PD-L1 expres-
sion with infiltrating CD8- (b) 
and Foxp3-positive (c) cell 
count. Patients with low PD-L1 
expression had significantly 
more infiltrating CD8-positive 
T cells, but no significant cor-
relation was observed between 
Foxp3-positive T cells and 
PD-L1 expression
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CD8-positive cells was an independent predictive factor for 
tumor recurrence. Additionally, we observed that a signifi-
cant positive correlation existed between CD8- and Foxp3-
positive cell counts (P = 0.0018) [23]. Similarly, in rectal 
cancer after neoadjuvant CRT, a significant positive corre-
lation was observed between CD8- and Foxp3-positive cell 
counts. When the correlation between infiltrating CD8- and 
Foxp3-positive cells with clinical outcomes was investi-
gated in rectal cancer patients after neoadjuvant therapy, 
high levels of both infiltrating CD8- and Foxp3-positive 
cells were significantly associated with tumor recurrence 
and poor prognosis, and a high level of infiltrating CD8-
positive cells was an independent prognostic factor for RFS 
and OS (data not shown). These results also implicate a 
role for TILs in tumor recurrence and survival in rectal can-
cer after neoadjuvant CRT. Therefore, the control of PD-L1 
expression may contribute to improvement of the therapeu-
tic effect of neoadjuvant CRT in rectal cancer patients.

PD-L1 expression was negatively correlated with infil-
trating CD8-positive cells; however, no significant correla-
tion was observed between Foxp3-positive cells and PD-L1 
expression. Although the interaction between PD-L1 and 
regulatory T cells has not been well-elucidated, Amarnath 
et al. reported that conventional T cells or irradiated K562 
myeloid tumor cells overexpressing PD-L1 converted Th1-
specific T-box 1 transcriptional factor-positive Th1 cells 
into Foxp3-positive regulatory T cells in an in vivo study 
[24]. Although its mechanism may contribute to the sup-
pression of rejection or graft-versus-host disease after 
transplantation, inhibition of PD-L1 (which can suppress 
conversion of Foxp3-positive cells) for colorectal cancer 
may have adverse effects, as several reports have shown the 
impact of high numbers of infiltrating Foxp3-positive cells 
on favorable clinical outcome in colorectal cancers [25–
27]. Therefore, further analysis is required to clarify the 
interaction and balance between PD-L1 and host immunity 
in colorectal cancer, including the influence of preopera-
tive therapies on PD-L1, even though several clinical trials 
evaluating PD-1/PD-L1 antibodies in colorectal cancer are 
currently ongoing.

Shinto et  al. reported that the number of CD8-positive 
cells in stromal tissue was increased by neoadjuvant CRT 
and a high level of stromal CD8-positive cells after CRT 
was associated with a favorable prognosis in rectal can-
cer [28]. On the other hand, in esophageal cancer, Tsu-
chikawa et  al. reported that the numbers of CD4-positive 
and CD8-positive T cells were increased by neoadjuvant 
chemotherapy, and concluded that their immunological 
modification might exert direct cytotoxicity on tumor cells 
[29]. We investigated the change of PD-L1 gene expression 
between pre- and post-irradiation in four colon cancer cell 
lines (DLD1, SW480, HT29, and Lovo) using quantitative 
real-time polymerase chain reaction (qRT-PCR) because 

the comparison of PD-L1 expression between pretreat-
ment biopsy samples and postoperative specimens was 
difficult. An irradiation dose of 2.5 and 5 Gy was used for 
each colon cancer cell line, respectively. Total RNA was 
extracted at the indicated time points after irradiation. qRT-
PCR was performed for expression analysis of PD-L1 gene 
expression and the serial changes of the gene expressions 
at pretreatment, and at 1, 3, and 5 day after irradiation were 
examined. We observed that PD-L1 gene expression was 
decreased by irradiation in each cell line (data not shown). 
These results suggest that radiotherapy may reduce PD-L1 
expression and result in promoting host immune response 
to cancer cells. Since PD-L1 can suppress the cytotoxic 
T-cell-mediated immune response, the combination of neo-
adjuvant therapies and inhibition of PD-L1 expression may 
synergistically enhance tumor shrinkage and reduce tumor 
recurrence in rectal cancer.

In conclusion, PD-L1 expression was significantly asso-
ciated with tumor relapse and poor prognosis. Our data sug-
gest that inhibition of PD-L1 may be a new immunothera-
peutic strategy to reduce tumor recurrence and improve 
prognosis in patients with rectal cancer after neoadjuvant 
CRT. However, the data in this study should be interpreted 
with caution. Significant limitations of this study were the 
small number of patients evaluated and the retrospective 
nature. This study also included two preoperative radiation 
regimens with different time intervals between pretreat-
ment and surgery. Furthermore, our short-course regimen 
deviated from standard methods. Therefore, a larger study 
population, long-term follow-up, and standardization of the 
pretreatments are required to validate the present results.
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