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Abstract: Reports on the prognostic role of programmed death-ligand 1 (PD-L1) expression in rectal
cancer are controversial. We investigated expression patterns and changes of PD-L1 in rectal cancer
patients undergoing neoadjuvant chemoradiotherapy (CRT). Seventy-two patients diagnosed with
rectal cancer and/or treated with fluorouracil-based neoadjuvant CRT at the Department of Internal
Medicine III of the Paracelsus Medical University Salzburg (Austria) between January 2003 and
October 2012 were included. PD-L1 scoring was performed according to the tumor proportion score
(TPS), combined positive score (CPS), and immune cell score (IC). PD-L1 TPS prior to neoadjuvant
CRT had a statistically significant impact on survival (median: ≤1%: 95.4 months (95% CI: 51.8—not
reached) vs. >1%: not reached, p = 0.03, log-rank). Patients with a PD-L1 TPS ≤1% prior to and
after CRT showed an inferior survival compared to all other patients (median: 56.7 months (95% CI:
51.4—not reached) vs. not reached, p = 0.005, log-rank). In multivariate analysis, PD-L1 TPS prior
to neoadjuvant CRT (>1% vs. ≤1%, hazard ratio: 0.29 (95% CI: 0.11–0.76), p = 0.01) remained
independently associated with survival. In conclusion, low PD-L1 TPS was associated with inferior
survival in rectal cancer patients undergoing neoadjuvant CRT. A prospective validation of the
prognostic value of PD-L1 expression in rectal cancer patients within a clinical trial is necessitated.
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1. Introduction

The treatment of stage II-III rectal cancer usually consists of neoadjuvant capecitabine or
5-fluorouracil (5-FU)-based long-course chemoradiotherapy (CRT) followed by surgery [1,2]. Despite
the application of adjuvant chemotherapy, 32–43% of rectal cancer patients experience a disease relapse
within the first six years [3]. Immune checkpoints, such as programmed death-ligand 1 (PD-L1),
can be therapeutically targeted, which has led to dramatic clinical improvements in various tumor
entities [4–12]. However, in metastatic colorectal cancer (CRC), the clinical benefit of this therapeutic
approach is almost exclusively restricted to tumors with microsatellite instability (MSI) [13–15]
and the addition of an immune-checkpoint inhibitor to adjuvant chemotherapy in stage III colon
cancer with MSI is currently being investigated in the ATOMIC trial [16] (NCT02912559). Studies
specifically investigating the prognostic role of PD-L1 expression in rectal cancer are sparse. The applied
anti-PD-L1 monoclonal antibodies, the time point of PD-L1 testing, as well as the applied PD-L1
scores were heterogeneous in these studies and the impact of PD-L1 expression on clinical outcome
was controversial [17–21]. The aim of our retrospective single-center analysis was to evaluate PD-L1
expression patterns and time-dependent changes according to three established PD-L1 scores and the
impact on clinical outcome in a well-defined rectal cancer cohort undergoing neoadjuvant CRT.

2. Experimental Section

This research project was approved by the local ethics committee of the Provincial Government of
Salzburg, Austria (415-EP/73/655-2016).

2.1. Patients

Patients with TNM stage I–IV rectal cancer diagnosed and/or treated at the tertiary cancer center
of the Paracelsus Medical University Salzburg (Austria) with neoadjuvant capecitabine/5-FU-based
CRT followed by total mesorectal excision were consecutively selected for this retrospective analysis.
Inclusion requirements were the availability of the paraffin-embedded diagnostic primary tumor
sample as well as of the primary tumor specimen obtained from definitive surgery. Decisions on the
initiation of neoadjuvant CRT and follow-up care were based on the respective National Comprehensive
Cancer Network (NCCN) and European Society of Medical Oncology (ESMO) treatment guidelines
for rectal cancer. Radiotherapy consisted of 45.0 Gy of radiation delivered to the primary tumor,
the mesorectal lymph nodes, pre-sacral lymph nodes, and internal iliac lymph nodes. The chemotherapy
backbone was either oral capecitabine or infusional 5-FU as monochemotherapy or in combination with
oxaliplatin. Surgery was performed six to eight weeks after completion of neoadjuvant CRT. Adjuvant
chemotherapy was recommended based on interdisciplinary tumor board decisions on an individual
basis. Patients were classified as low (<8), intermediate (8–16), or high (>16) risk according to the
neoadjuvant rectal (NAR) score [22], which incorporates the pathological nodal stage and primary
tumor downstaging during neoadjuvant CRT.

2.2. Immunohistochemistry

Immunohistochemical examination was performed on 4-µm formalin-fixed paraffin-embedded
(FFPE) sections. Each case was raised on adhesive glass slides and dried at 60 ◦C for one hour.
Deparaffination, antigen retrieval, immunostaining, counter staining, dehydration, and cover slip
application as well as pre-treatment were conducted using standardized routine immunohistochemistry
(IHC) protocols. Immunohistochemical staining was performed either on a Ventana Benchmark Ultra
instrument (Ventana Medical Systems, Tucson, AZ, USA; trademark of Hoffmann-La Roche AG, Basel,
Switzerland) or on a Dako Omnis Autostainer combined with the EnVision Plus System (Dako, Vienna,
Austria). The anti-PD-L1 ready-to-use antibody (22C3, SK006, Agilent, Santa Clara, CA, USA) was
used for PD-L1 staining. Each sample was assessed by two experienced pathologists according to the
tumor proportion score (TPS: (PD-L1-stained tumor cells/total number of viable tumor cells) × 100) [23],
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combined positive score (CPS: (PD-L1-stained tumor cells and immune cells/total number of viable
tumor cells) × 100) [24], and immune cell score (IC: (PD-L1-stained immune cells/total number of
viable tumor cells) × 100) [25] in diagnostic biopsies prior to neoadjuvant CRT as well as in specimens
obtained from definitive surgery after neoadjuvant CRT. The PD-L1 assessors were blinded to clinical
outcome. Sections were incubated with anti-CD3 (2GV6, Ventana Medical Systems, Tucson, AZ, USA;
trademark of Hoffmann-La Roche AG, Basel, Switzerland; Oro Valley, United States) and anti-CD8
(SP57 Ventana Medical Systems, Tucson, AZ, USA; trademark of Hoffmann-La Roche AG, Basel,
Switzerland; Oro Valley, United States) ready-to-use primary antibodies to assess CD3+ as well as
CD8+ T cell density (cells/mm2) in diagnostic biopsies prior to neoadjuvant CRT.

2.3. Microsatellite Status

MSI testing (IdyllaTM MSI Test, Biocartis, Mechelen, Belgium) was performed according to the
manufacturer’s recommendations. In short, one or more 10-µm FFPE sections containing ≥20%
neoplastic cells and an overall tissue area of >25 mm2 were used per analysis. The sections were
sandwiched in nuclease-free water wetted Whatman filter papers (grade 1, 10 mm circles, GE healthcare,
Buckinghamshire, GB) and placed inside the MSI cartridge and measured with the IdyllaTM instrument.
Seven MSI biomarkers were simultaneously analyzed (ACVR2A, BTBD7, DIDO1, MRE11, RYR3,
SEC31A, SULF2). The analysis was considered valid if ≥5 out of these 7 biomarkers showed valid marker
results. A sample was acknowledged as “microsatellite instability-high” (MSI-H) if ≥2 biomarkers were
found to be mutated. Otherwise, the sample was classified as “microsatellite stable” (MSS).

2.4. Tumor Regression Grade

The tumor regression grade (TRG) after neoadjuvant CRT was assessed by the Dworak regression
score based on the ratio of viable tumor cells to fibrosis (ranging from 0 to 4); TRG 4 defined a pathologic
complete remission (pCR) [26]. Patients achieving a TRG 3 or TRG 4 were classified as responders to
neoadjuvant CRT, and patients with a TRG 0–2 were classified as non-responders.

2.5. Statistical Analysis

For PD-L1, established dichotomized cut-off values from phase III clinical trials [5,11,12,27] as
well as quartiles were chosen to assess the impact on clinical outcome. Kaplan–Meier survival curves
together with log-rank testing were used to compare survival distributions between patient groups.
Disease-free survival (DFS) was calculated from the date of surgery of the primary tumor until the
date of relapse or date of last known follow-up for stage I–III rectal cancer patients. Patients without
recurrence at the last contact were censored. Overall survival (OS) was calculated from the date of
initial diagnosis of rectal cancer stage I–III until the date of death or date of last known follow-up.
Patients alive at the last contact were censored. Stage IV rectal cancer patients were excluded from DFS
and OS analyses. Continuous data, such as age, were summarized using medians and ranges and
compared between groups with the Mann–Whitney test. Correlations were tested using the Spearman
test. Parameters that proved statistically significant in univariate analysis (p < 0.05) were included in
multivariate analysis. p-values < 0.05 were considered to indicate statistical significance. SPSS IBM
(version 23.0, New York, USA) and R (version 3.5.1, www.R-project.org, Vienna, Austria) including
“package” survival were used for statistical analysis.

3. Results

3.1. Patient and Treatment Characteristics

This retrospective analysis was based on the data of 72 rectal cancer patients diagnosed and/or
treated at the tertiary cancer center in Salzburg, Austria, between January 2003 and October 2012.
The baseline characteristics are depicted in Table 1.



J. Clin. Med. 2020, 9, 2775 4 of 16

Table 1. Baseline characteristics.

Parameter N = 72 (%)

Age
≤65 years 44 (61)
>65 years 28 (39)

Sex
female 23 (32)
male 49 (68)

ypN stage
N- 48 (67)
N+ 24 (33)

cTNM stage
I 1 (1)
II 29 (40)
III 37 (52)
IV 5 (7)

Histologic grade
I 1 (1)
II 61 (87)
III 8 (12)

NA 2

Dworak tumor regression grade
0 3 (4)
I 16 (22)
II 25 (35)
III 20 (28)
IV 8 (11)

Microsatellite status
MSS 56 (98)
MSI 1 (2)
NA 15

CRT backbone
5-FU or capecitabine 29 (40)

5-FU + oxaliplatin or capecitabine + oxaliplatin 43 (60)

NAR score
low 11 (15)

intermediate 36 (50)
high 25 (35)

Adjuvant chemotherapy
yes 36 (52)
no 33 (48)
NA 3

CRT: chemoradiotherapy; MSI: microsatellite instability; MSS: microsatellite stability; NA: not available, NAR score:
neoadjuvant rectal score; PD-L1: programmed death-ligand 1.

3.2. PD-L1 Expression Prior to Neoadjuvant CRT and PD-L1 Changes after Completion of CRT

PD-L1 expression status prior to neoadjuvant CRT was evaluable in 70 (97%) patients. PD-L1
positivity (≥1%) according to TPS, CPS, and IC was found in 93%, 97%, and 97%, respectively. PD-L1
expression significantly decreased after completion of neoadjuvant CRT according to TPS (median:
4.0 vs. 0.0, p < 0.001), CPS (median: 18.5 vs. 3.0, p < 0.001) and IC (median: 13.0 vs. 3.0, p = 0.001)
(Figure 1A). The decline of PD-L1 expression was independent of the chemotherapy backbone
(5-FU/oxaliplatin-based doublet chemotherapy vs. 5-FU-based monotherapy, Figure 1B,C). PD-L1
expression and CD8+ T cell density prior to neoadjuvant CRT showed a statistically significant positive
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correlation across all PD-L1 scores (TPS: r = 0.28, p = 0.03; CPS: r = 0.32, p = 0.01; IC: r = 0.28, p = 0.03).
A statistically significant positive correlation between PD-L1 expression and CD3+ T cell density was
found for IC (r = 0.30, p = 0.02); this was not the case for TPS (r = 0.10, p = 0.45) or CPS (r = 0.24, p = 0.06).
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Figure 1. PD-L1 TPS, CPS, and IC changes during neoadjuvant CRT. PD-L1 TPS, CPS and IC
changes during neoadjuvant CRT (A) in the entire cohort, (B) in patients with doublet chemotherapy,
and (C) in patients with monochemotherapy. CPS: combined positive score; CRT: chemoradiotherapy;
IC: immune cell score; PD-L1: programmed death-ligand 1; TPS: tumor proportion score.
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3.3. PD-L1 Expression Prior to Neoadjuvant CRT and Association with Surrogate Endpoints

Tumor regression was statistically significantly associated with PD-L1 CPS (Dworak TRG 0–2:
16.0 (median) vs. Dworak TRG 3–4: 29.0 (median), p = 0.02) and PD-L1 IC (Dworak TRG 0–2: 11.0
(median) vs. Dworak TRG 3–4: 18.0 (median), p = 0.02) prior to neoadjuvant CRT, while this was not
the case for PD-L1 TPS (Dworak TRG 0–2: 4.0 (median) vs. Dworak TRG 3–4: 3.0 (median), p = 0.24)
(Figure 2). The pCR rate did not correlate with PD-L1 TPS (pCR: 11.0 vs. non-pCR: 3.5, p = 0.35), CPS
(pCR: 29.0 vs. non-pCR: 17.5, p = 0.62), or IC (pCR: 17.5 vs. 13.0, p = 0.71) prior to neoadjuvant CRT.
PD-L1 expression prior to neoadjuvant CRT did not show an association with the NAR score (TPS:
r = −0.08, p = 0.52; CPS: r = −0.13, p = 0.29; IC: r = −0.11, p = 0.37).
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Figure 2. Association between PD-L1 expression prior to neoadjuvant CRT and Dworak tumor
regression grade. CPS: combined positive score; CRT: chemoradiotherapy; IC: immune cell score;
PD-L1: programmed death-ligand 1; TPS: tumor proportion score. * Outliers above quartile 3 (Q3) +

1.5× interquartile range. * Outliers above quartile 3 (Q3) + 3× interquartile range.

3.4. PD-L1 Expression and Clinical Outcome

3.4.1. PD-L1 Expression Prior to Neoadjuvant CRT

Established cut-off values for PD-L1 TPS, CPS, and IC prior to neoadjuvant CRT did not separate
rectal cancer patients with different risk profiles for OS (Table A1). By using quartiles (Q) for PD-L1
TPS (Q1: ≤1% vs. Q2–Q4: >1%), a statistically significant survival advantage for rectal cancer patients
with higher PD-L1 TPS prior to neoadjuvant CRT was shown (median OS: not reached vs. 95.4 months
(95% CI: 51.8—not reached), p = 0.03, Figure 3A). Higher PD-L1 TPS (≤1% vs. >1%) was associated
with a trend towards better DFS (p = 0.16, Figure 3B).

Patient baseline and tumor characteristics according to the PD-L1 TPS status (≤1% vs. >1%) prior
to neoadjuvant CRT are depicted in Table A2.
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low PD-L1 TPS at both time points displayed a significantly inferior OS (median OS: 56.7 months 
(95% CI: 51.4—not reached) vs. not reached, p = 0.005, Figure 4A) and a trend towards worse DFS (p 
= 0.07, Figure 4B). 

A 

B 

Figure 3. Overall survival (A) and disease-free survival (B) according to PD-L1 TPS prior to neoadjuvant
CRT. CRT: chemoradiotherapy; PD-L1: programmed death-ligand 1; TPS: tumor proportion score.
The tick marks on the curves represent censored patients.

3.4.2. PD-L1 Changes after Completion of CRT

In order to evaluate the impact of PD-L1 changes on clinical outcome, patients with low PD-L1
TPS (≤1%) prior to and after neoadjuvant CRT were compared to all other patients. Patients with a low
PD-L1 TPS at both time points displayed a significantly inferior OS (median OS: 56.7 months (95% CI:
51.4—not reached) vs. not reached, p = 0.005, Figure 4A) and a trend towards worse DFS (p = 0.07,
Figure 4B).
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3.5. Univariate and Multivariate Analysis for DFS and OS

Sex (male vs. female), age (>65 vs. ≤65 years), ypN stage (positive vs. negative), Dworak TRG
(3–4 vs. 0–2), histologic grade (3 vs. 1–2), application of adjuvant chemotherapy (yes vs. no), and PD-L1
TPS prior to neoadjuvant CRT (>1% vs. ≤1%) were tested in univariate analysis and multivariate
analysis for DFS and OS. None of these parameters was statistically significantly associated with
DFS in univariate analysis (Table 2). Age (>65 vs. ≤65 years, hazard ratio: 3.12 (95%CI: 1.25–7.82),
p = 0.02) and PD-L1 TPS prior to neoadjuvant CRT (>1% vs. ≤1%, hazard ratio: 0.36 (95%CI: 0.14–0.91,
p = 0.03) were associated with OS in univariate analysis and remained independently associated with
OS in multivariate analysis (age: hazard ratio: 4.09 (95%CI: 1.54–10.86), p = 0.005; PD-L1 TPS prior to
neoadjuvant CRT: hazard ratio: 0.29 (95%CI: 0.11–0.76), p = 0.01) (Table 3). DFS strongly correlated
with OS among patients with stage I–III rectal cancer (r: 0.91, p < 0.001).
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Table 2. Univariate and multivariate analysis for disease-free survival.

UVA MVA

HR
(95% CI) p-Value HR

(95% CI) p-Value

Sex
male (n = 45)

female (n = 22)
1.86

(0.39–8.95) 0.44 − −

Age
>65 (n = 25)
≤65 (n = 42)

0.56
(0.12–2.69) 0.47 − −

ypN stage
N+ (n = 20)
N− (n = 47)

1.21
(0.30–4.84) 0.79 − −

Dworak TRG
3–4 (n = 28)
0–2 (n = 39)

0.74
(0.18–2.95) 0.67 − −

Histologic grade
3 (n = 7)

1 + 2 (n = 58)
0.20

(0.002–17.98) 0.49 − −

Adjuvant chemotherapy
yes (n = 35)
no (n = 30)

0.88
(0.22–3.52) 0.86 − −

PD-L1 TPS pre-CRT
>1% (n = 48)
≤1% (n = 17)

0.40
(0.11–1.50) 0.18 − −

NAR score
intermediate/high (n = 56)

low (n = 11)
27.20

(0.02–43,658.20) 0.38 − −

95% CI: 95% confidence interval; CRT: chemoradiotherapy; HR: hazard ratio; MVA: multivariate analysis; NAR
score: neoadjuvant rectal score; PD-L1: programmed death-ligand 1; TPS: tumor proportion score; TRG: tumor
regression grade; UVA: univariate analysis.

Table 3. Univariate and multivariate analysis for overall survival.

UVA MVA

HR
(95% CI) p-Value HR

(95% CI) p-Value

Sex
male (n = 45)

female (n = 22)

2.24
(0.74–6.76) 0.15 - -

Age
>65 (n = 25)
≤65 (n = 42)

3.12
(1.25–7.82) 0.02 4.09

(1.54–10.86) 0.005

ypN stage
N+ (n = 20)
N− (n = 47)

1.11
(0.42–2.91) 0.84 - -

Dworak TRG
3–4 (n = 28)
0–2 (n = 39)

1.10
(0.44–2.75) 0.84 - -

Histologic grade
3 (n = 7)

1 + 2 (n = 58)

0.67
(0.25–1.84) 0.44 - -

Adjuvant chemotherapy
yes (n = 35)
no (n = 30)

0.72
(0.28–1.83) 0.49 - -

PD-L1 TPS pre-CRT
>1% (n = 48)
≤1% (n = 17)

0.36
(0.14–0.91) 0.03 0.29

(0.11–0.76) 0.01

NAR score
intermediate/high (n = 56)

low (n = 11)

1.89
(0.44–8.17) 0.40 − −

95% CI: 95% confidence interval; CRT: chemoradiotherapy; HR: hazard ratio; MVA: multivariate analysis; NAR
score: neoadjuvant rectal score; PD-L1: programmed death-ligand 1; TPS: tumor proportion score; TRG: tumor
regression grade; UVA: univariate analysis.
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4. Discussion

By investigating three established PD-L1 scores in this retrospective analysis, we found a
statistically significant survival benefit for rectal cancer patients with a higher PD-L1 TPS (>1%)
compared to patients with a PD-L1 TPS ≤1% prior to neoadjuvant CRT (Figure 3A). The pre-CRT PD-L1
TPS was not associated with baseline patient and tumor characteristics (Table A2). Other clinically
established cut-off values for PD-L1 expression were not associated with OS (Table A1). Our findings
of a positive prognostic value of higher PD-L1 TPS prior to neoadjuvant CRT are in line with the
publication by Chen et al. [21], while Chiang et al. [19], Hecht et al. [18], and Ogura et al. [20] did
not show a statistically significant association between PD-L1 TPS prior to neoadjuvant CRT and
OS. The prognostic value of PD-L1 TPS was not restricted to the initial diagnostic biopsy prior to
neoadjuvant CRT in our rectal cancer cohort as patients with a PD-L1 TPS ≤1% pre- and post-CRT
displayed worse OS compared to patients with PD-L1 upregulation at any time point (Figure 4A).
The latter finding suggests that PD-L1 upregulation on cancer cells either before or after CRT is sufficient
to improve OS. PD-L1 TPS [19,21] as well as PD-L1 CPS at the invasive front [18] after neoadjuvant CRT
were associated with OS in several retrospective analyses. Neoadjuvant chemoradiotherapy is able
to trigger interferon-gamma release from cancer cells and in turn to induce PD-L1 expression [19,28].
PD-L1 expression statistically significantly decreased during CRT according to each PD-L1 score in our
cohort (Figure 1A); this was independent of the chemotherapy backbone (Figure 1B,C). Hecht et al. also
reported a statistically significantly decrease of PD-L1 expression on immune cells after neoadjuvant
CRT, whereas no changes of PD-L1 expression on cancer cells were found [18]. An increase of the
proportion of PD-L1-positive/high samples (defined by an arbitrary threshold of 5%) during neoadjuvant
CRT was described by Chiang et al. (PD-L1 expression on cancer cells) [19], Ogura et al. (PD-L1 expression
on immune cells but not on cancer cells) [20], and by Chen et al. (PD-L1 expression on cancer
cells) [21]; however, changes of the PD-L1 scores were not reported. Given the known heterogeneity
of PD-L1 expression within tumors [29], we cannot exclude bias resulting from the analysis of the
initial diagnostic biopsy, and comparison with PD-L1 expression in the surgical resectate, since it only
represents a small portion of the tumor.

As an immunosuppressive checkpoint on the one hand and a favorable prognostic factor in
rectal cancer undergoing neoadjuvant CRT on the other hand, the role of PD-L1 expression seems
contradictory. A putative explanation for this observation is the development of an immunosuppressive
tumor microenvironment by PD-L1 upregulation in immunogenic tumors during the course of disease
as it has been shown for CRC with MSI [30]. In other words, PD-L1 expression via upregulation of
interferon-gamma exhibits the capability of a viable adaptive immune response. Surgical removal of
the tumor after neoadjuvant CRT may reinvigorate pre-existing antitumor immune responses and may
in turn lead to improved clinical outcome. In a meta-analysis including stage I–IV colon and rectal
cancer patients, PD-L1 TPS proved to be a negative prognostic factor for DFS and OS. However, it is
noteworthy that PD-L1 expression was statistically significantly associated with right-sidedness and
poor differentiation, which are well-known tumor characteristics with a negative prognostic value [31].

Testing PD-L1 TPS (≤1% vs. >1%) prior to neoadjuvant CRT and established risk factors in
univariate and multivariate analysis revealed an independent favorable impact of higher PD-L1 TPS
on OS (hazard ratio: 0.29, Table 3). Hecht et al. found an independent association between PD-L1 CPS
prior to as well as after neoadjuvant CRT and OS [18] and Chiang et al. described an independent
impact of PD-L1 TPS after neoadjuvant CRT on survival [19] in multivariate analyses, respectively.

Yoshino et al. reported a 30% pCR rate by incorporating five cycles of the immune-checkpoint
inhibitor nivolumab to neoadjuvant CRT. Among patients with a PD-L1 TPS≥1% prior to neoadjuvant CRT,
the pCR rate was doubled [32]. The latter findings are hypothesis generating and suggest therapeutic
approaches to induce or increase PD-L1 expression before the application of immune-checkpoint
inhibitors. However, the addition of oxaliplatin to a 5-FU-based CRT (Figure 1B) had no impact on
PD-L1 expression changes when compared to a 5-FU-based CRT (Figure 1C). Therapeutic approaches
to induce major histocompatibility complex I expression on cancer cells by MEK inhibitors in order to
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improve immune-checkpoint blockade efficacy have not resulted in better clinical outcome in metastatic
CRC [33]. Antiangiogenic therapy in combination with immune-checkpoint blockade promotes the
formation of high endothelial venules, thereby increasing tumor-infiltrating lymphocytes in tumor
mouse models [34]. In the ongoing “TARZAN“ trial (NCT04017455), the latter therapeutic approach
is being investigated by combining nivolumab with bevacizumab during neoadjuvant therapy of
localized rectal cancer.

Our retrospective analysis has several limitations. Surrogate end points, such as TRG as well
as the NAR score, did not impact OS in our rectal cancer cohort, which was likely attributable to
the limited sample size. However, the strong correlation between DFS and OS (r: 0.91) corroborates
that disease relapse was the predominant cause of death. The addition of oxaliplatin to 5-FU-based
neoadjuvant CRT increases pCR rates [35,36] but comes at the cost of a higher frequency of grade 3
and 4 adverse events [37]. More than half of our patients received a 5-FU-based neoadjuvant CRT in
combination with oxaliplatin, a therapy combination that is not recommended by the current ESMO [2]
or NCCN [1] rectal cancer guidelines. Decisions on an individual patient basis to initiate neoadjuvant
CRT with 5-FU and oxaliplatin were based on improved pCR rates and/or DFS rates reported in the
CAO/ARO/AIO-04 trial [35,38] and FOWARC trial [36]. However, CRT with 5-FU monotherapy is the
standard neoadjuvant therapy protocol at our institution. The inclusion period of rectal cancer patients
was 10 years (2003–2012) in this retrospective analysis; however, this time interval was comparable to
other reports [18–21]. The localization of CD3+ and CD8+ T cells (intratumoral vs. invasive margin)
was not taken into account. However, the standardized and validated “immunoscore” in its original
version is neither applicable to localized rectal cancer prior to neoadjuvant CRT, nor after CRT due to
post-radiogenic alterations. A recently published modified version predicting response to neoadjuvant
CRT in localized rectal cancer, the “biopsy-adapted immunoscore”, is solely based on CD3+ and CD8+

T cell density in the tumor region [39].
In conclusion, PD-L1 TPS prior to neoadjuvant CRT as well as PD-L1 TPS changes showed a

statistically significant impact on survival in rectal cancer patients undergoing neoadjuvant CRT,
and this was not the case for PD-L1 CPS or PD-L1 IC. PD-L1 TPS prior to neoadjuvant CRT proved as an
independent prognostic parameter for OS in multivariate analysis. A clinically relevant OS disadvantage
was shown for patients with PD-L1 TPS ≤1% in the initial diagnostic tumor biopsy and in the surgical
resectate after neoadjuvant CRT. Considering the published encouraging pCR rates by CRT combined
with nivolumab in PD-L1 TPS-positive rectal cancer patients, a sequential therapeutic approach with
CRT aiming at upregulating PD-L1 followed by the application of immune-checkpoint blockade
might be interesting for initially PD-L1 TPS-negative tumors. The identification of PD-L1-inducing or
-upregulating agents for the combination with immune-checkpoint inhibitors in neoadjuvant treatment
concepts of rectal cancer will be of utmost importance in future clinical trials. However, a prospective
validation of the prognostic value of PD-L1 expression in rectal cancer patients undergoing neoadjuvant
CRT is necessitated.
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Appendix A

Table A1. DFS and OS according to established PD-L1 cut-off values.

DFS OS

PD-L1 Expression
Prior to CRT (n)

Median
(months)

p-Value
(log-rank)

Median
(months)

p-Value
(log-rank)

TPS
<1% (4)
≥1% (61)

24.5
NR 0.04 56.7

NR 0.21

≤5% (39)
>5% (26)

NR
NR 0.83 NR

NR 0.16

≤10% (48)
>10% (17)

NR
NR 0.27 NR

NR 0.11

≤20% (56)
>20% (9)

NR
NR 0.20 NR

NR 0.27

≤50% (61)
>50% (4)

NR
NR 0.41 NR

NR 0.23

CPS
<1 (2)
≥1 (63)

24.5
NR 0.17 44.7

NR 0.32

≤10 (15)
>10 (50)

NR
NR 0.34 NR

NR 0.58

≤20 (34)
>20 (31)

NR
NR 0.85 134.2

NR 0.05

≤50 (52)
>50 (13)

NR
NR 0.97 NR

NR 0.24

IC
<1% (2)
≥1% (63)

24.5
NR 0.17 44.7

NR 0.32

≤5% (11)
>5% (54)

NR
NR 0.60 132.9

NR 0.47

≤10% (23)
>10% (42)

NR
NR 0.87 NR

NR 0.66

≤20% (46)
>20% (19)

NR
NR 0.64 NR

NR 0.18

≤50% (59)
>50% (6)

NR
NR 0.88 NR

NR 0.43

CPS: combined positive score; CRT: chemoradiotherapy; DFS: disease-free survival; IC: immune cell score; NR: not
reached; OS: overall survival; PD-L1: programmed death-ligand 1; TPS: tumor proportion score.
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Table A2. Baseline patient and tumor characteristics according to PD-L1 TPS status prior to
neoadjuvant CRT.

Parameter PD-L1 TPS ≤1%
N = 17 (%)

PD-L1 TPS >1%
N = 48 (%) p-Value

Age
0.755≤65 years 11 (65) 29 (60)

>65 years 6 (35) 19 (40)

Sex
0.368female 4 (23) 17 (35)

male 13 (77) 31 (65)

cTNM stage

0.559
I 0 (0) 1 (2)
II 9 (53) 19 (40)
III 8 (47) 28 (58)

cT stage

0.662
T2 1 (6) 1 (2)
T3 14 (82) 43 (90)
T4 2 (12) 4 (8)

cN stage
0.422N- 9 (53) 20 (42)

N+ 8 (47) 28 (58)

Histologic grade

0.230
I 1 (6) 0 (0)
II 14 (82) 42 (91)
III 2 (12) 4 (9)

NA 0 2

Lymphovascular
invasion

0.657no 11 (85) 30 (79)
yes 2 (15) 8 (21)
NA 4 10

Venous invasion

0.069
no 10 (83) 38 (97)
yes 2 (17) 1 (3)
NA 5 9

PD-L1: programmed death-ligand 1; TPS: tumor proportion score.
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Fülöp, A.; et al. Pembrolizumab plus Chemotherapy for Squamous Non–Small-Cell Lung Cancer. N. Engl.
J. Med. 2018, 379, 2040–2051. [CrossRef]

5. Gandhi, L.; Rodríguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F.; Dómine, M.; Clingan, P.;
Hochmair, M.J.; Powell, S.F.; et al. Pembrolizumab plus Chemotherapy in Metastatic Non–Small-Cell Lung
Cancer. N. Engl. J. Med. 2018, 378, 2078–2092. [CrossRef] [PubMed]

https://www.nccn.org/professionals/physician_gls/pdf/rectal.pdf
https://www.nccn.org/professionals/physician_gls/pdf/rectal.pdf
http://dx.doi.org/10.1093/annonc/mdy161
http://www.ncbi.nlm.nih.gov/pubmed/29741565
http://dx.doi.org/10.1200/JCO.19.00016
http://www.ncbi.nlm.nih.gov/pubmed/31593484
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1801005
http://www.ncbi.nlm.nih.gov/pubmed/29658856


J. Clin. Med. 2020, 9, 2775 14 of 16

6. Robert, C.; Schachter, J.; Long, G.; Arance, A.; Grob, J.-J.; Mortier, L.; Daud, A.; Carlino, M.S.; McNeil, C.;
Lotem, M.; et al. Pembrolizumab versus Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2015, 372,
2521–2532. [CrossRef]

7. Rini, B.I.; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, F.; Alekseev, B.; Soulières, D.;
Melichar, B.; et al. Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma.
N. Engl. J. Med. 2019, 380, 1116–1127. [CrossRef]

8. Balar, A.V.; Castellano, D.; O’Donnell, P.H.; Grivas, P.; Vuky, J.; Powles, T.; Plimack, E.R.; Hahn, N.M.;
De Wit, R.; Pang, L.; et al. First-line pembrolizumab in cisplatin-ineligible patients with locally advanced
and unresectable or metastatic urothelial cancer (KEYNOTE-052): A multicentre, single-arm, phase 2 study.
Lancet Oncol. 2017, 18, 1483–1492. [CrossRef]

9. Balar, A.V.; Galsky, M.D.; E Rosenberg, J.; Powles, T.; Petrylak, D.P.; Bellmunt, J.; Loriot, Y.; Necchi, A.;
Hoffman-Censits, J.; Perez-Gracia, J.L.; et al. Atezolizumab as first-line treatment in cisplatin-ineligible
patients with locally advanced and metastatic urothelial carcinoma: A single-arm, multicentre, phase 2 trial.
Lancet 2017, 389, 67–76. [CrossRef]

10. Motzer, R.J.; Tannir, N.; McDermott, D.F.; Frontera, O.A.; Melichar, B.; Choueiri, T.K.; Plimack, E.R.;
Barthelemy, P.; Porta, C.; George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced
Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 378, 1277–1290. [CrossRef]

11. Schmid, P.; Adams, S.; Rugo, H.S.; Schneeweiss, A.; Barrios, C.H.; Iwata, H.; Diéras, V.; Hegg, R.; Im, S.-A.;
Wright, G.S.; et al. Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N. Engl.
J. Med. 2018, 379, 2108–2121. [CrossRef]

12. Burtness, B.; Harrington, K.J.; Greil, R.; Soulières, D.; Tahara, M.; De Castro, G.; Psyrri, A.; Basté, N.;
Neupane, P.; Bratland, Å.; et al. Pembrolizumab alone or with chemotherapy versus cetuximab with
chemotherapy for recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048):
A randomised, open-label, phase 3 study. Lancet 2019, 394, 1915–1928. [CrossRef]

13. Le, D.T.; Uram, J.N.; Wang, H.; Bartlett, B.R.; Kemberling, H.; Eyring, A.D.; Skora, A.D.; Luber, B.S.; Azad, N.S.;
Laheru, D.; et al. PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N. Engl. J. Med. 2015, 372,
2509–2520. [CrossRef] [PubMed]

14. Overman, M.J.; Lonardi, S.; Wong, K.Y.M.; Lenz, H.-J.; Gelsomino, F.; Aglietta, M.; Morse, M.A.; Van Cutsem, E.;
McDermott, R.; Hill, A.; et al. Durable Clinical Benefit With Nivolumab Plus Ipilimumab in DNA Mismatch
Repair–Deficient/Microsatellite Instability–High Metastatic Colorectal Cancer. J. Clin. Oncol. 2018, 36,
773–779. [CrossRef]

15. Andre, T.; Shiu, K.-K.; Kim, T.W.; Jensen, B.V.; Jensen, L.H.; Punt, C.J.A.; Smith, D.M.; Garcia-Carbonero, R.;
Benavides, M.; Gibbs, P.; et al. Pembrolizumab versus chemotherapy for microsatellite instability-high/mismatch
repair deficient metastatic colorectal cancer: The phase 3 KEYNOTE-177 Study. J. Clin. Oncol. 2020, 38. [CrossRef]

16. Sinicrope, F.A.; Ou, F.-S.; Zemla, T.; Nixon, A.B.; Mody, K.; Levasseur, A.; Dueck, A.C.; Dhanarajan, A.R.;
Lieu, C.H.; Cohen, D.J.; et al. Randomized trial of standard chemotherapy alone or combined with
atezolizumab as adjuvant therapy for patients with stage III colon cancer and deficient mismatch repair
(ATOMIC, Alliance A021502). J. Clin. Oncol. 2019, 37, e15169. [CrossRef]

17. Saigusa, S.; Toiyama, Y.; Tanaka, K.; Inoue, Y.; Mori, K.; Ide, S.; Imaoka, H.; Kawamura, M.; Mohri, Y.;
Kusunoki, M. Implication of programmed cell death ligand 1 expression in tumor recurrence and prognosis in
rectal cancer with neoadjuvant chemoradiotherapy. Int. J. Clin. Oncol. 2016, 21, 946–952. [CrossRef] [PubMed]

18. Hecht, M.; Büttner-Herold, M.; Erlenbach-Wünsch, K.; Haderlein, M.; Croner, R.; Grützmann, R.;
Hartmann, A.; Fietkau, R.; Distel, L.V. PD-L1 is upregulated by radiochemotherapy in rectal adenocarcinoma
patients and associated with a favourable prognosis. Eur. J. Cancer 2016, 65, 52–60. [CrossRef] [PubMed]

19. Chiang, S.-F.; Huang, C.-Y.; Ke, T.-W.; Chen, T.-W.; Lan, Y.-C.; You, Y.-S.; Chen, W.T.-L.; Chao, K.C.
Upregulation of tumor PD-L1 by neoadjuvant chemoradiotherapy (neoCRT) confers improved survival in
patients with lymph node metastasis of locally advanced rectal cancers. Cancer Immunol. Immunother. 2018,
68, 283–296. [CrossRef]

20. Ogura, A.; Akiyoshi, T.; Yamamoto, N.; Kawachi, H.; Ishikawa, Y.; Mori, S.; Oba, K.; Nagino, M.; Fukunaga, Y.;
Ueno, M. Pattern of programmed cell death-ligand 1 expression and CD8-positive T-cell infiltration before
and after chemoradiotherapy in rectal cancer. Eur. J. Cancer 2018, 91, 11–20. [CrossRef]

http://dx.doi.org/10.1056/NEJMoa1503093
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1016/S1470-2045(17)30616-2
http://dx.doi.org/10.1016/S0140-6736(16)32455-2
http://dx.doi.org/10.1056/NEJMoa1712126
http://dx.doi.org/10.1056/NEJMoa1809615
http://dx.doi.org/10.1016/S0140-6736(19)32591-7
http://dx.doi.org/10.1056/NEJMoa1500596
http://www.ncbi.nlm.nih.gov/pubmed/26028255
http://dx.doi.org/10.1200/JCO.2017.76.9901
http://dx.doi.org/10.1200/JCO.2020.38.18_suppl.LBA4
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.e15169
http://dx.doi.org/10.1007/s10147-016-0962-4
http://www.ncbi.nlm.nih.gov/pubmed/26919982
http://dx.doi.org/10.1016/j.ejca.2016.06.015
http://www.ncbi.nlm.nih.gov/pubmed/27468145
http://dx.doi.org/10.1007/s00262-018-2275-0
http://dx.doi.org/10.1016/j.ejca.2017.12.005


J. Clin. Med. 2020, 9, 2775 15 of 16

21. Chen, T.-W.; Huang, K.C.-Y.; Chiang, S.-F.; Chen, W.T.-L.; Ke, T.-W.; Chao, K.C. Prognostic relevance
of programmed cell death-ligand 1 expression and CD8+ TILs in rectal cancer patients before and after
neoadjuvant chemoradiotherapy. J. Cancer Res. Clin. Oncol. 2019, 145, 1043–1053. [CrossRef]

22. Yothers, G.; George, T.J.; Petrelli, N.J.; O’Connell, M.J.; Beart, R.W.; Allegra, C.J.; Roh, M.S.; Lopa, S.H.;
Colangelo, L.H.; Sharif, S.; et al. Neoadjuvant rectal cancer (RC) score to predict survival: Potential surrogate
endpoint for early phase trials. J. Clin. Oncol. 2014, 32, 3533. [CrossRef]

23. Roach, C.; Zhang, N.; Corigliano, E.; Jansson, M.; Toland, G.; Ponto, G.; Dolled-Filhart, M.; Emancipator, K.;
Stanforth, D.; Kulangara, K. Development of a Companion Diagnostic PD-L1 Immunohistochemistry Assay
for Pembrolizumab Therapy in Non–Small-cell Lung Cancer. Appl. Immunohistochem. Mol. Morphol. 2016, 24,
392–397. [CrossRef]

24. Kulangara, K.; Zhang, N.; Corigliano, E.; Guerrero, L.; Waldroup, S.; Jaiswal, D.; Malinka, J.; Shah, S.;
Hanks, D.; Wang, J.; et al. Clinical Utility of the Combined Positive Score for Programmed Death Ligand-1
Expression and the Approval of Pembrolizumab for Treatment of Gastric Cancer. Arch. Pathol. Lab. Med.
2019, 143, 330–337. [CrossRef] [PubMed]

25. Vennapusa, B.; Baker, B.; Kowanetz, M.; Boone, J.; Menzl, I.; Bruey, J.-M.; Fine, G.; Mariathasan, S.; McCaffery, I.;
Mocci, S.; et al. Development of a PD-L1 Complementary Diagnostic Immunohistochemistry Assay (SP142) for
Atezolizumab. Appl. Immunohistochem. Mol. Morphol. 2019, 27, 92–100. [CrossRef] [PubMed]

26. Dworak, O.; Keilholz, L.; Hoffmann, A. Pathological features of rectal cancer after preoperative
radiochemotherapy. Int. J. Color. Dis. 1997, 12, 19–23. [CrossRef] [PubMed]

27. Brahmer, J.; Reckamp, K.L.; Baas, P.; Crino, L.; Eberhardt, W.E.; Poddubskaya, E.; Antonia, S.; Pluzanski, A.;
Vokes, E.E.; Holgado, E.; et al. Nivolumab versus Docetaxel in Advanced Squamous-Cell Non–Small-Cell
Lung Cancer. N. Engl. J. Med. 2015, 373, 123–135. [CrossRef]

28. Droeser, R.A.; Hirt, C.; Viehl, C.T.; Frey, D.M.; Nebiker, C.A.; Huber, X.; Zlobec, I.; Eppenberger-Castori, S.;
Tzankov, A.; Rosso, R.; et al. Clinical impact of programmed cell death ligand 1 expression in colorectal
cancer. Eur. J. Cancer 2013, 49, 2233–2242. [CrossRef]

29. Wang, H.B.; Yao, H.; Li, C.S.; Liang, L.X.; Zhang, Y.; Chen, Y.X.; Fang, J.-Y.; Xu, J. Rise of PD-L1 expression during
metastasis of colorectal cancer: Implications for immunotherapy. J. Dig. Dis. 2017, 18, 574–581. [CrossRef]

30. Gatalica, Z.; Snyder, C.; Maney, T.; Ghazalpour, A.; Holterman, D.A.; Xiao, N.; Overberg, P.; Rose, I.;
Basu, G.D.; Vranic, S.; et al. Programmed cell death 1 (PD-1) and its ligand (PD-L1) in common cancers
and their correlation with molecular cancer type. Cancer Epidemiol. Biomarkers Prev. 2014, 23, 2965–2970.
[CrossRef]

31. Li, Y.; He, M.; Zhou, Y.; Yang, C.; Wei, S.; Bian, X.; Christopher, O.; Xie, L. The Prognostic and
Clinicopathological Roles of PD-L1 Expression in Colorectal Cancer: A Systematic Review and Meta-Analysis.
Front. Pharmacol. 2019, 10, 139. [CrossRef]

32. Yoshino, T.; Bando, H.; Tsukada, Y.; Inamori, K.; Yuki, S.; Komatsu, Y.; Homma, S.; Uemura, M.; Kato, T.;
Kotani, D.; et al. Voltage: Investigator-initiated clinical trial of nivolumab monotherapy and subsequent
radical surgery following preoperative chemoradiotherapy in patients with microsatellite stable locally
advanced rectal cancer. J. Clin. Oncol. 2019, 37, 3606. [CrossRef]

33. Eng, C.; Kim, T.W.; Bendell, J.; Argilés, G.; Tebbutt, N.C.; Di Bartolomeo, M.; Falcone, A.; Fakih, M.;
Kozloff, M.; Segal, N.H.; et al. Atezolizumab with or without cobimetinib versus regorafenib in previously
treated metastatic colorectal cancer (IMblaze370): A multicentre, open-label, phase 3, randomised, controlled
trial. Lancet Oncol. 2019, 20, 849–861. [CrossRef]

34. Allen, E.; Jabouille, A.; Rivera, L.B.; Lodewijckx, I.; Missiaen, R.; Steri, V.; Feyen, K.; Tawney, J.; Hanahan, D.;
Michael, I.P.; et al. Combined antiangiogenic and anti–PD-L1 therapy stimulates tumor immunity through
HEV formation. Sci. Transl. Med. 2017, 9. [CrossRef] [PubMed]

35. Rodel, C.; Liersch, T.; Becker, H.; Fietkau, R.; Hohenberger, W.; Hothorn, T.; Graeven, U.; Arnold, D.;
Lang-Welzenbach, M.; Raab, H.-R.; et al. Preoperative chemoradiotherapy and postoperative chemotherapy
with fluorouracil and oxaliplatin versus fluorouracil alone in locally advanced rectal cancer: Initial results of
the German CAO/ARO/AIO-04 randomised phase 3 trial. Lancet Oncol. 2012, 13, 679–687. [CrossRef]

36. Deng, Y.; Chi, P.; Lan, P.; Wang, L.; Chen, W.; Cui, L.; Chen, D.; Cao, J.; Wei, H.; Peng, X.; et al. Modified
FOLFOX6 With or Without Radiation Versus Fluorouracil and Leucovorin With Radiation in Neoadjuvant
Treatment of Locally Advanced Rectal Cancer: Initial Results of the Chinese FOWARC Multicenter,
Open-Label, Randomized Three-Arm Phase III Trial. J. Clin. Oncol. 2016, 34, 3300–3307. [CrossRef]

http://dx.doi.org/10.1007/s00432-019-02874-7
http://dx.doi.org/10.1200/jco.2014.32.15_suppl.3533
http://dx.doi.org/10.1097/PAI.0000000000000408
http://dx.doi.org/10.5858/arpa.2018-0043-OA
http://www.ncbi.nlm.nih.gov/pubmed/30028179
http://dx.doi.org/10.1097/PAI.0000000000000594
http://www.ncbi.nlm.nih.gov/pubmed/29346180
http://dx.doi.org/10.1007/s003840050072
http://www.ncbi.nlm.nih.gov/pubmed/9112145
http://dx.doi.org/10.1056/NEJMoa1504627
http://dx.doi.org/10.1016/j.ejca.2013.02.015
http://dx.doi.org/10.1111/1751-2980.12538
http://dx.doi.org/10.1158/1055-9965.EPI-14-0654
http://dx.doi.org/10.3389/fphar.2019.00139
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.3606
http://dx.doi.org/10.1016/S1470-2045(19)30027-0
http://dx.doi.org/10.1126/scitranslmed.aak9679
http://www.ncbi.nlm.nih.gov/pubmed/28404866
http://dx.doi.org/10.1016/S1470-2045(12)70187-0
http://dx.doi.org/10.1200/JCO.2016.66.6198


J. Clin. Med. 2020, 9, 2775 16 of 16

37. Aschele, C.; Cionini, L.; Lonardi, S.; Pinto, C.; Cordio, S.; Rosati, G.; Artale, S.; Tagliagambe, A.; Ambrosini, G.;
Rosetti, P.; et al. Primary Tumor Response to Preoperative Chemoradiation With or Without Oxaliplatin in
Locally Advanced Rectal Cancer: Pathologic Results of the STAR-01 Randomized Phase III Trial. J. Clin. Oncol.
2011, 29, 2773–2780. [CrossRef]

38. Rödel, C.; Graeven, U.; Fietkau, R.; Hohenberger, W.; Hothorn, T.; Arnold, D.; Hofheinz, R.; Ghadimi, M.;
Wolff, H.; Lang-Welzenbach, M.; et al. Oxaliplatin added to fluorouracil-based preoperative chemoradiotherapy
and postoperative chemotherapy of locally advanced rectal cancer (the German CAO/ARO/AIO-04 study):
Final results of the multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2015, 16, 979–989. [CrossRef]

39. El Sissy, C.; Kirilovsky, A.; Eynde, M.V.D.; Mus, ină, A.-M.; Anitei, M.-G.; Romero, A.M.S.; Marliot, F.;
Haicheur, N.; Junca, A.; Doyen, J.; et al. A diagnostic biopsy-adapted immunoscore predicts response
to neoadjuvant treatment and selects patients with rectal cancer eligible for a watch-and-wait strategy.
Clin. Cancer Res. 2020. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1200/JCO.2010.34.4911
http://dx.doi.org/10.1016/S1470-2045(15)00159-X
http://dx.doi.org/10.1158/1078-0432.CCR-20-0337
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Patients 
	Immunohistochemistry 
	Microsatellite Status 
	Tumor Regression Grade 
	Statistical Analysis 

	Results 
	Patient and Treatment Characteristics 
	PD-L1 Expression Prior to Neoadjuvant CRT and PD-L1 Changes after Completion of CRT 
	PD-L1 Expression Prior to Neoadjuvant CRT and Association with Surrogate Endpoints 
	PD-L1 Expression and Clinical Outcome 
	PD-L1 Expression Prior to Neoadjuvant CRT 
	PD-L1 Changes after Completion of CRT 

	Univariate and Multivariate Analysis for DFS and OS 

	Discussion 
	
	References

