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Abstract
Background  Neoadjuvant docetaxel plus cisplatin and 5-FU (NAC-DCF) and adjuvant nivolumab monotherapy are the 
standard care for locally advanced resectable esophageal squamous cell carcinoma (ESCC). However, no effective biomark-
ers have been found in perioperative setting. We investigated how programmed death-ligand 1 (PD-L1) changes before and 
after NAC-DCF and how it relates to the therapeutic effect of NAC-DCF in resectable ESCC.
Methods  PD-L1 expression in paired diagnostic biopsy and surgically resected tissues from ESCC patients who underwent 
surgical resection after receiving two or three NAC-DCF cycles was evaluated. PD-L1 positivity was defined as a combined 
positive score (CPS) of 10% ≤ . Gene expression analysis was conducted using samples before NAC-DCF.
Results  Sixty-six paired samples from 33 patients were included in PD-L1 expression analysis, and 33 Pre-NAC samples 
acquired by diagnostic biopsy were included in gene expression analysis. Pretreatment, 3 (9%), 13 (39%), and 17 (52%) 
patients harbored tumors with CPS ranges of < 1%, 1%–10%, and 10% ≤ , respectively. After NAC-DCF, 5 (15%), 15 (45%), 
and 13 (39%) tumors presented CPS ranges of < 1%, 1%–10%, and 10% ≤ , respectively. The concordance rate between 
Pre-and Post-NAC-DCF samples was 45%. Patients with PD-L1-negative tumors both before and after NAC-DCF (n = 9) 
had shorter survival and different gene expression profile characterized by upregulation in WNT signaling or neutrophils.
Conclusions  A substantial PD-L1 expression alteration was observed, resulting in low concordance rate before and after 
NAC-DCF. Tumors persistently lacking PD-L1 had distinct gene expression profile with worse clinical outcomes, raising 
the need for further investigation.

Keywords  Esophageal cancer · Neoadjuvant chemotherapy · PD-L1 · Combined positive score · WNT pathway

Introduction

Esophageal cancer is among the most fatal malignancies 
worldwide [1]. In Asia and Eastern Europe, squamous 
cell carcinoma is the most common histological type of 

esophageal cancer [2, 3]. Due to its aggressive nature, most 
patients are diagnosed in advanced stages, and even in 
operable stages of disease, surgery alone is insufficient. To 
improve clinical outcomes, multimodal treatment strategies, 
including surgical resection, radiotherapy, and chemother-
apy, have been examined for further improvement.

The current standard of care in perioperative setting is 
nivolumab monotherapy as adjuvant treatment for resected 
esophageal cancer with residual pathologic lesions after 
chemoradiation, showing significantly longer relapse-free 
survival comparted to placebo in the CheckMate-577 trial 
[4]. Recently, the JCOG1109, a three-arm randomized 
phase III trial comparing preoperative cisplatin plus 5-FU 
(CF) versus docetaxel plus CF (DCF) versus CF-radiation, 
revealed that neoadjuvant DCF (NAC-DCF) prolonged sur-
vival, resulting in the change in the treatment paradigm for 
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resectable esophageal cancer and establishment of DCF as 
the standard of neoadjuvant chemotherapy in Japan [5]. With 
the advent of these two lines of evidence, the potential of 
nivolumab after DCF as a way to further improve patient 
survival is being discussed. However, since all patients 
enrolled in the CheckMate-577 trial received chemoradio-
therapy prior surgery, it is unclear whether nivolumab mono-
therapy as an adjuvant is optimal after NAC-DCF followed 
by surgery. Moreover, thus far, no effective biomarkers have 
been found to distinguish between patients not improving 
with NAC-DCF and, especially, those who benefit from 
adjuvant nivolumab for esophageal cancer.

Programmed death-ligand 1 (PD-L1) is currently the 
most widely validated and used biomarker when decid-
ing whether immune checkpoint inhibitors are applicable. 
Based on CheckMate-648 and KEYNOTE-590 trial results, 
combination therapies with nivolumab or pembrolizumab 
has been established as the first-line treatment of advanced 
esophageal carcinoma [6, 7]. Simultaneously, the efficacy 
of anti-PD-1 antibody tended to differ according to PD-L1 
expression status: in a pooled analysis, the lack of benefit in 
the addition of ICIs to cytotoxic chemotherapy was shown 
in low PD-L1-expressing tumors [8], indicating the crucial 
role of PD-L1 expression in metastatic settings.

In perioperative setting, however, no clear association 
was confirmed between PD-L1 status and nivolumab effi-
cacy in the CheckMate-577 study, where PD-L1 was exam-
ined in the resected tumor specimen receiving chemoradia-
tion. PD-L1 status changed over time by tumor progression 
or treatment modification [9–11]. For esophageal cancer, 
there are inconsistent results on how cytotoxic chemotherapy 
affects PD-L1 expression from reducing PD-L1 expression 
to increasing it [12, 13].

We aimed to investigate how PD-L1 changes before and 
after NAC-DCF and how it relates to the therapeutic effect 
of NAC-DCF in resectable esophageal squamous cell car-
cinoma (ESCC). Additionally, gene expression analysis of 
Pre-NAC-DCF tumor samples was performed to character-
ize the population with poor prognosis in NAC-DCF and to 
assess whether nivolumab could improve patient prognosis.

Methods

Study population

This study included patients with esophageal cancer using 
the following criteria: (1) histologically proven ESCC; (2) 
no metastatic lesion except for subclavian lymph nodes; 
(3) underwent NAC-DCF therapy followed by radical sur-
gery between 2016 and 2018 at Kindai University Hospital;
(4) received no adjuvant therapy; (5) Eastern Cooperative
Oncology Group performance status of 0 or 1; (6) adequate

organ function. Those who achieved pathological complete 
response by NAC-DCF were excluded, because comparisons 
using paired samples cannot be made. Thirty-three esopha-
geal cancer patients were selected. All patients received two 
or three cycles of NAC-DCF consisting of docetaxel (day 
1), cisplatin (day 1), and 5-fluorouracil (days 1–4). NAC-
DCF was followed by esophagectomy with D2 or greater 
lymphadenectomy, and no other treatments like radiation 
or immunotherapy were performed preoperatively. The 
tumor stage was determined according to the tumor-node-
metastasis classification of the American Joint Commit-
tee on Cancer, 8th edition [14]. Pathological evaluation of 
tumor regression was conducted according to the ratio of 
viable cancer cells per tumor tissue as previously reported 
[15]. Patient informed consent was obtained. This study was 
reviewed and approved by the institutional review boards of 
Kindai University (number: 31-234). All procedures were 
conducted in accordance with the principles of the Helsinki 
Declaration of 1964 and its later amendments.

Immunohistochemical staining

Sixty-six paired samples from 33 patients were included 
in PD-L1 expression analysis. Samples before receiving 
NAC-DCF were obtained by diagnostic endoscopy (Pre-
NAC samples), and samples after NAC-DCF were surgi-
cally resected tissues (Post-NAC samples). For Post-NAC 
samples, the section with enough tumor left behind to be 
evaluable were selected. Paraffin-embedded, formalin-fixed 
paraffin-embedded (FFPE) tumor tissues, with tumor cells 
confirmed by hematoxylin–eosin (HE) staining, were cut 
into 4-µm sections. Immunostaining was performed at SRL, 
Inc. (Tokyo, Japan) with a monoclonal antibody to PD-L1 
(clone 22C3, DAKO). The stained slides were independently 
evaluated by expert pathologists blinded to the patients’ 
clinical background. The combined positive score (CPS) for 
PD-L1 expression and PD-L1 positivity were determined as 
previously reported, and CPS ≥ 10 was referred to as posi-
tive [16].

RNA extraction and gene expression profiling

Thirty-three Pre-NAC samples acquired by diagnostic 
biopsy were included in the gene expression analysis. RNA 
was isolated using an AllPrep DNA/RNA FFPE Kit (Qia-
gen). RNA quality was checked by the amount of extracted 
RNA using a NanoDrop system (Thermo Fisher Scientific). 
Samples were hybridized according to the manufacturer’s 
recommendations using PanCancer IO360 comprising 750 
immune-related and 20 housekeeping genes (NanoString 
Technologies). Gene expression was normalized using data 
of the 20 housekeeping genes with the use of nSolver Anal-
ysis Software 4.0. A heatmap was constructed using Java 
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TreeView. We divided our ESCC patients into the follow-
ing four groups according to the PD-L1 transition pattern: 
cohort A, PD-L1-positive both before and after NAC-DCF; 
B, PD-L1-positive before NAC-DCF and PD-L1-negative 
after NAC-DCF; C, PD-L1 negative before NAC-DCF and 
PD-L1-positive after NAC-DCF; and D, PD-L1-negative 
both before and after NAC-DCF.

Statistical analysis

The primary objective of this study was to compare PD-L1 
expression between patients with ESCC before and after 
NAC-DCF. Survival was calculated using the Kaplan–Meier 
method, and significance was assessed by the log-rank test. 
Recurrence-free survival (RFS) was defined as the time 
between surgical resection and radiographic recurrence or 
death from any cause. Overall survival (OS) was defined 
as the time between surgical resection and death from any 
cause.

Results

Patient characteristics

The patients’ baseline characteristics are summarized in 
Table 1. Patients’ median age was 67 (range, 41–76) years. 
A majority of patients were male and had a smoking his-
tory. Median time interval between paired samples was 69 
(range, 50–118) days. Regarding NAC’s pathological effect, 
Grades 0, 1a, 1b, and 2 responses were observed in 3 (9%), 
15 (45%), 6 (18%), and 9 (27%) cases, respectively.

Changes in PD‑L1 expression following neoadjuvant 
chemotherapy

We compared the PD-L1 expression between paired Pre-
NAC and Post-NAC samples from 33 patients (Table 2, 
Online Resource 1). Pretreatment, 3 (9%), 13 (39%), 
and 17 (52%) patients harbored tumors with CPS ranges 
of < 1%, 1%–10%, and 10% ≤ , respectively. After NAC-
DCF, 5 (15%), 15 (45%), and 13 (39%) tumors presented 
CPS ranges of < 1%, 1%–10%, and 10% ≤, respectively. 
Although the PD-L1 positivity rates decreased from 52 
to 39%, the difference was not statistically significant 
(p = 0.459). A representative case of prominent increase in 
PD-L1 expression before and after NAC-DCF is presented 
in Online Resource 2. Noteworthy, of the 17 PD-L1-posi-
tive cases, 11 became PD-L1-negative, whereas of the 16 
PD-L1-negative cases, 7 became PD-L1-positive. Hence, 
PD-L1 expression change after NAC-DCF was observed 
in 18 cases (55%); yielding the concordance rate was 
45% (p = 0.346, Wilcoxon signed-rank test). Regarding 

the association between the grade of NAC’s pathological 
effect and PD-L1 status changes, a trend toward higher 
proportion of decreased PD-L1 expression levels (8 out 
of 15, 53%) was seen in responders, although this was not 
significant (p = 0.107, Fisher’s exact test).

Table 1   Patient characteristics

NAC neoadjuvant chemotherapy, DCF docetaxel plus cisplatin and 
5-FU

Patients (n = 33)

Age, years
 Median (range) 67 (41–76)

Sex
 Male 27 (82%)
 Female 6 (18%)

Primary tumor location in the esophagus
 Upper thoracic esophagus 5 (15%)
 Middle thoracic esophagus 14 (42%)
 Lower thoracic esophagus 14 (42%)

History of smoking
 Yes 28 (85%)
 No 5 (15%)

Cycles of NAC-DCF
 2 26 (79%)
 3 7 (21%)

Initial T category
 cT1 1 (3%)
 cT2 3 (33%)
 cT3 26 (79%)
 cT4 3 (33%)

Initial N category
 cN0 3 (9%)
 cN1 13 (39%)
 cN2 16 (48)
 cN3 1 (3%)

Pathological T category
 ypT1 9 (27%)
 ypT2 8 (24%)
 ypT3 14 (42%)
 ypT4 2 (7%)

Pathological N category
 ypN0 12 (36%)
 ypN1 14 (42%)
 ypN2 5 (15%)
 ypN3 2 (7%)

Grading of pathological response
 0 3 (9%)
 1a 15 (45%)
 1b 6 (18%)
 2 9 (27%)
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Association between PD‑L1 expression and survival 
outcomes

The patient characteristics by cohort A, B, C, and D are 
summarized in Online Resource 3. Recurrence after radi-
cal surgery occurred in 11 patients (33%). The median 
follow-up time after the initiation of NAC and surgi-
cal resection was 40.3  months (range, 7.9–66.4) and 
38.1 months (range, 5.7–64.5), respectively. The recur-
rence rates were 17%, 36%, 14%, and 56% in cohorts A, 
B, C, and D, respectively, showing a trend toward higher 
recurrence rates in cohort D. Consequently, survival out-
comes were worse in cohort D (Fig. 1a, b). Although the 
difference was nonsignificant, cohort D showed a worse 
trend in RFS (median, not reached in cohorts A, B, and 
C vs. 10.4 months in cohort D; p = 0.068) and a signifi-
cantly shorter OS (median, not reached in cohort A, B, 
and C vs. 39.6 months in cohort D; p = 0.013) than the 
other cohorts. Among 11 patients with recurrence, three 

underwent palliative chemotherapy with immune check-
point inhibitors, with one case each from cohorts A and 
B, achieving partial response and one case from cohort 
C not responding to immunotherapy.

Gene expression profile

We performed immune-related gene expression profiling 
(irGEP) to investigate the relationship between PD-L1 
expression changes by NAC-DCF and gene expression in 
the tumor pretreatment. By visualizing, cohort D had a 
distinct gene expression profile compared with the other 
cohorts (Fig. 2). Among the genes, genes related to WNT 
signaling, including SOX11, WNT2, WNT4, and WNT5B, 
were expressed at higher levels in cohort D. Contrarily, 
genes related to antigen presentation, including TAP1, 
TAPBP, HLA-A, B, C, F, DRA, and DMA, were expressed 
at lower levels in cohort D. Volcano plot analysis by 
RNA-sequence data further extracted the genes that were 
significantly differentially expressed between cohort D 
and others (Online Resource 4; list of the top 5 genes 
shown in Table 3). We confirmed that the expression of 
WNT2 that is related to WNT signaling and CXCR1 that 
is related to cytokine and chemokine signaling were sig-
nificantly different at a single gene level.

Next, we further focused on the pathway signature dif-
ferences between cohort D and others. WNT, costimula-
tory, and cytokine and chemokine signaling were clearly 
enriched in cohort D (Fig.  3a). Although, decreased 

Table 2   Comparison of PD-L1 expression between the Pre- and Post-
NAC samples

Post-NAC samples

PD-L1 positive PD-L1 negative

Pre-NAC samples
 PD-L1 positive 6 (18%) 11 (33%)
 PD-L1 negative 7 (21%) 9 (27%)

Log rank p=0.068

0 10 20 30 40 50 60

0.0

0.2

0.4

0.6

0.8

1.0

RFS

Pr
ob

ab
ilit

y

Cohort A
Cohort B
Cohort C 
Cohort D

0 10 20 30 40 50 60

0.0

0.2

0.4

0.6

0.8

1.0

OS

Pr
ob

ab
ilit

y

Cohort A
Cohort B
Cohort C 
Cohort D

Log rank p=0.013

a b

Fig. 1   Survival analyses according to PD-L1 status before and after neoadjuvant chemotherapy. a Recurrence-free survival. b Overall survival
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pathway signature levels indicative of antigen presenta-
tion, cytotoxicity, and TGF-beta signaling were seen in 
cohort D (Fig. 3a). Additionally, gene signature analyses 
related to each immune cell type revealed that signatures, 

such as B cell, T cells, CD8 T cell, dendritic cells, regu-
latory T cells (Treg), and neutrophils, were significantly 
elevated in cohort D than in the other cohorts (Fig. 3b).

Fig. 2   Heatmap of immune-related gene expression according to PD-L1 expression before and after neoadjuvant chemotherapy
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Discussion

This is the first study to evaluate immunological changes 
induced by cytotoxic chemotherapy using paired ESCC 
samples before and after NAC-DCF, the new standard of 
neoadjuvant chemotherapy. Comparison of tumor sam-
ples obtained before and after NAC-DCF revealed varying 
PD-L1 statuses, including those that did not change, those 
that turned negative to positive, those that turned positive to 
negative, or those that were consistently positive, yielding a 
change from baseline in 55% of cases. It is remarkable that 
these dramatic PD-L1 changes occurred at a median time 
of 69 days, corresponding to the intervals of two to three 
NAC-DCF cycles.

Thus far, several reports have examined the effect of cyto-
toxic chemotherapy on PD-L1 status in ESCC, but results 
have been inconsistent. While there have been many reports 
of PD-L1 expression being increased by platinum-based 
anticancer drugs, there were also reports of PD-L1 expres-
sion levels being increased by neoadjuvant chemoradio-
therapy and PD-L1 positivity rates being decreased post-
neoadjuvant chemotherapy [17]. The lack of uniformity in 
chemotherapy regimens and treatment modalities adopted 
in the previous studies may have likely prevented a correct 
determination of whether PD-L1 changes are consistent. In 
our study, we utilized the unified regimen DCF and dem-
onstrated that PD-L1 can be altered during short cycles of 
chemotherapy in ESCC, which was consistent with the find-
ing of a previous study on gastroesophageal adenocarcino-
mas showing a similar concordance rate of 63% [18]. We 
found that patients with unchanged PD-L1-negative expres-
sion during NAC-DCF (cohort D) had the worst survival 
compared to the other patients.

To explore the potential reason for cohort D’s poor 
outcome, we performed gene expression analysis using 
Pre-NAC samples and found that cohort D had a distinct 
irGEP compared to others. Of note, significant differences 

were observed in the pathways, especially for the WNT 
signaling pathway. Aberrant WNT signal is also known 
to be associated with stemness of tumor cells leading epi-
thelial-to-mesenchymal transition phenotype and, hence, 
resistance to cytotoxic chemotherapies [19].

A dysregulated activation of WNT pathways is also 
involved in cancer-mediated inflammation via inflamma-
tory cytokine production [20]. Our irGEP analysis indeed 
showed that cohort D had a significantly higher expres-
sion of cytokines/chemokines and associated inflammatory 
cells including neutrophil. Importantly, tumor infiltrating 
neutrophils are considered a negative predictive factor for 
the response to NAC in ESCC [21]. The reasons for the 
poor prognosis despite the high infiltration of anti-tumor 
immune cells, such as CD8 + T cell, are unclear, but it is 
possible that the negative effects of WNT and associated 
inflammation, pro-tumoral Treg and neutrophil infiltration, 
and reduced antigen-presenting capacity are very signifi-
cant. Activating the WNT pathways and neutrophil infil-
tration are generally associated with negative outcomes 
by immunotherapy [22, 23]. Considering these factors 
were linked to persistently negative PD-L1 expression in 
patient who did not gain treatment effects of NAC-DCF, 
nivolumab adjuvant therapy may not be the best choice to 
improve ESCC patient survival. The reason for the persis-
tently negative PD-L1 in cohort D is unclear from our cur-
rent analysis. However, this may be due to suppression of 
antigen-presentation cells by β-catenin, a key factor in the 
WNT signaling pathway [24]. Further studies are strongly 
needed, as PD-L1 expression is nowadays an important 
biomarker for treatment selection.

This study has some limitations. First, this is an explora-
tory study with a small number of cases without adjusting 
the clinicopathological factors; therefore, the results of our 
survival analyses should be interpreted cautiously. Although 
PD-L1 positivity in ESCC has been suggested as predictive 
of a better prognosis, many reports including meta-analysis 
have shown that high PD-L1 expression is associated with 
poor prognosis, which is inconsistent with our results [25]. 
Second, irGEP was performed using only Pre-NAC samples; 
thus, biological etiology should be further studied. Third, 
although PD-L1 positivity was defined based on a previous 
report, the optimal cut-off value of PD-L1 positivity remains 
to be determined. Furthermore, although spatial heterogene-
ity in PD-L1 expression has been reported previously [18, 
26], the heterogeneity within tumors has not been evalu-
ated in the present study. The low concordance rate of the 
Pre-NAC and Post-NAC samples may be due to intra-tumor 
heterogeneity. Finally, the mechanisms for the persistently 
negative PD-L1 in cohort D remain unclear, which warrants 
further study. However, the present study is the first to per-
form a direct comparison of PD-L1 status before and after 
the new standard neoadjuvant DCF regimen and to explore 

Table 3   List of the top 5 genes that were elevated in patients with 
PD-L1-negativity before and after NAC-DCF

Gene Log2 
fold 
change

Q value Gene sets

FCRL2 3.88 0.0000337
WNT2 3.32 0.000361 Hedgehog signaling

WNT signaling
EGF 3.62 0.000361 Hypoxia

MAPK
PI3K-Akt

CX3CR1 2.88 0.00148 Cytokine and chemokine signaling
GZMH 2.76 0.00376 Cytotoxicity

Lymphoid compartment
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the underlying mechanisms of PD-L1 changes using irGEP 
in ESCC patients.

In summary, a substantial PD-L1 expression alteration 
was observed during a relatively short course of cytotoxic 
NAC-DCF. Persistent low PD-L1 expression during NAC-
DCF was associated with poor outcomes, likely due to the 
aberrant WNT signal. Further research is needed to confirm 
these results and reveal precise biology.
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