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Abstract: Therapies for patients with advanced esophageal squamous cell carcinoma (ESCC) are limited and ac-
companied by dismal prognosis. Here we use ESCC cell line K30 and TE-1 to investigate the antitumor efficacy of 
cisplatin plus anti-PD-1 antibody. Enhanced antitumor effects and increased CD8+ tumor-infiltrating lymphocytes 
of combination therapy were observed in TE-1 cells bearing humanized mice model. Lower cell viability and more 
cell apoptosis were found in the combination therapy in vitro. We next analyzed clinical data from patients with ad-
vanced ESCC received cisplatin-based chemotherapy plus an anti-PD-1 antibody (Tislelizumab or Sintilimab) as first 
line therapy from two clinical trials (NCT03469557, NCT03748134). With the response rate of 81.8%, duration of 
response of 15.2 months, median progression-free survival of 15.5 months, median overall survival of 21.5 months 
and manageable toxicity in patients with advanced ESCC, we demonstrated that cisplatin-based chemotherapy plus 
anti-PD-1 antibody is an effective and safe option. We further confirmed sublethal cisplatin could induce PD-L1 
expression in ESCC cells and cisplatin-treated ESCC cells suppressed the activation and function of immune cells 
while the addition of sintilimab prevented this process. These results highlight the effectiveness of cisplatin combin-
ing with anti-PD-1 antibody in patients with advanced ESCC, revealed its capability to promote the PD-L1 expression 
in ESCC cells and act synergistically with anti-PD-1 antibody to restore exhausted immune cells activities, thus pro-
viding a theoretical basis for further explorations in the mechanism of the combination treatment of cisplatin-based 
chemotherapy with immune checkpoint inhibitors in ESCC.
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Introduction

Esophageal cancer ranked in the top sixth lead-
ing cause of cancer-related death, with an esti-
mated 604,000 new esophageal cancer cases 
and 544,000 deaths occurred in 2020 world-
wide [1]. Compared to western countries where 
the most esophageal cancer is adenocarcino-
ma (EAC), the subtype of squamous cell carci-
noma exceeds more than 90% of esophageal 
cancer in Asia, where bearing 70% globule bur-
den of esophageal cancer [2, 3]. And patients 
with ESCC have poorer survival than those with 
EAC [4]. The standard first line chemotherapeu-
tic regimen for advanced ESCC contained cis-
platin (CDDP) plus 5-fluorouracil (5-FU) or pacli-

taxel. However, the advantages of standard 
treatments are limited and it often leads to low 
qualities of life for patients [5]. Thus, new effec-
tive therapeutic approaches for advanced ESCC 
are urgently needed. 

Immune checkpoint PD-1 or its ligand PD-L1 
inhibitors have demonstrated robust and dura-
ble antitumor efficiency in numerous advanced 
tumors. Accumulating evidence indicates that 
cytotoxic chemotherapy can improve the effects 
of immune checkpoint inhibitors such as anti-
PD-1/PD-L1 antibodies though the promotion 
of tumor cellular immunogenicity and suppres-
sion of immunosuppressive circuitries [6, 7]. 
Thus, the combination of chemotherapy may 
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synergistically improve antitumor activities of 
immune checkpoint inhibitors [6-8]. Ongoing 
clinical trials KEYNOTE-590 and CheckMate 
648 are currently investigating the combina- 
tion of cisplatin-based chemotherapy and pem-
brolizumab or nivolumab as first-line treatment 
in patients with advanced ESCC [9, 10]. One 
phase II clinical trial (NCT03469557) assessed 
combination therapy of tislelizumab (an anti-
PD-1 antibody) and cisplatin-based chemother-
apy as first line treatment of advanced ESCC 
suggest this combination therapy indicated 
promising antitumor activities with manage-
able safety profiles in this patient population 
[11]. However, let alone the single arm clinical 
trial it is, with only 15 patients with advanced 
ESCC, the results are not so convincing. In addi-
tion, the mechanism of improved efficacy in 
patients received the combination therapy 
were not investigated. 

Tisleizumab [12] and Sintilimab [13] are two 
fully human monoclonal antibody targeting im- 
mune checkpoint PD-1. Compared with nivo- 
lumab and pembrolizumab, another two well-
investigated anti-PD-1 antibodies, tislelizumab 
has been reported for difference in structure 
[14]. Sintilimab exhibited a similar antitumor 
activity, a better tolerability when compared 
with nivolumab and pembrolizumab [15]. One 
clinical trial [16] (NCT03116152) using sintil-
imab (200 mg administrated intravenously 
every 21 days) and two clinical trials [17, 18] 
(NCT02407990, CTR20160872) using tislei-
zumab (200 mg administrated intravenously 
every 21 days) indicated sintilimab and tislei-
zumab demonstrated manageable safety pro-
files and durable responses in patients with 
advanced solid tumors, including advanced 
ESCC.

Here, we established humanized mice and 
observed cisplatin plus sintilimab enhanced 
the antitumor effects and increased CD8+ 
tumor-infiltrating lymphocytes (TILs) in ESCC. 
We also found the combination of cisplatin  
and sintilimab could induce much more cell 
death in ESCC cells when compared to mono-
therapy either by cisplatin or sintilimab alone in 
vitro through ESCC cells/PBMCs co-culture sys-
tem. In addition, we collected results from 11 
patients from two clinical trials with advanced 
ESCC which was unresectable or incurable by 
radiotherapy received cisplatin-based chemo-
therapy (cisplatin+5-fluorouracil (5-FU) or pacli-

taxel) plus sintilimab or tislelizumab as first line 
treatment. Results in this patient population 
showed the combination therapy had promising 
antitumor activities and manageable adverse 
events. Further, we observed that sublethal 
doses of cisplatin could promote PD-L1 expres-
sion in ESCC cells, regulate immune cells activi-
ties and help provide a favorable tumor micro-
environment (TME) for immune checkpoint 
blockade (ICB) therapies.

Material and methods

Cell culture

The K30 and TE-1 human esophageal squa-
mous cell carcinoma cell lines were purchased 
from the American Type Culture Collection 
(Manassas, Virginia) and grown in RPMI medi-
um supplemented with 10% fetal bovine serum 
(FBS). Human peripheral blood mononuclear 
cells (PBMCs) (LP202006) were obtained from 
ALLCELLS (Shanghai, China) and was grown in 
RPMI medium supplemented with 10% heat-
inactivated FBS.

Chemicals and reagents

Cisplatin (S1166) was obtained from Selleck 
chemicals (Houston, USA). Anti PD-1 antibody 
sintilimab was provided by Innovent Biologics 
(Jiangsu, China). Cell counting kit 8 (CCK8) 
assay (K1018) came from APExBIO (Houston, 
USA). For Immunohistochemistry staining, Anti-
human CD8 (85336S) antibody was obtained 
from cell signaling technology (Danvers, USA). 
Anti-human CD3 (B329667) and anti-human 
CD28 (B332380) antibodies for activation of T 
cells in PBMCs were bought from BioLegend 
(San Diego, USA). Human IL-2 (072012) was 
obtained from Peprotech (Rocky Hill, USA). For 
flow cytometry analysis, human CD25-PE (30- 
2606), human CD8-BV421 (8296990), human 
CD274 (PD-L1)-PE (B262099), human CD45-
BV421 (304031) were bought from BioLegend 
(San Diego, USA). FITC-Annexin V apoptosis 
detection kit (556547) was obtained from BD 
Biosciences (Franklin Lakes, USA). For western 
blot analysis, anti-PD-L1 antibody was gained 
from cell signaling technology (Danvers, USA). 
For immunohistochemistry (IHC), anti-PD-L1 
antibody (SK006) was purchased from Dako 
(Hovedstaden, Denmark). Human IL-2 ELISA kit 
(431807) and Human IFN-γ ELISA kit (430107) 
were obtained from BioLegend (San Diego, 
USA).
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In vivo mouse studies

Four-week-old female NSG mice were purch- 
ased from Model Organisms (Shanghai, China). 
All procedures were performed in accordance 
with institutionally approved IACUC protocols. 
Four-week-old NSG female mice were subcuta-
neously injected in the right flank with 1×106 
TE-1 ESCC cells. Mice were tail vein injected 
with 5×106 PBMCs when the tumor size reach- 
ed approximately 50 mm3 (calculated by the 
formula: (L×W2)/2). After confirming that the 
percentages of human CD45 in peripheral 
blood of mice lager than 20% and tumor size 
reached 90-100 mm3, mice were randomly 
divided into five groups with a comparable av- 
erage tumor size and administered intraperito-
neally every 4 days with: vehicle (PBS), IgG iso-
type control antibody (1 mg/kg), cisplatin (cis-
diamminedichloroplatinum (II): CDDP, 5 mg/
kg), anti-PD-1 antibody sintilimab (1 mg/kg) or 
the combination CDDP and anti-PD-1. Tumors 
were measured every 3 to 4 days.

Patients

Patients aged ≥18 years with a diagnosis of 
unresectable advanced or recurrent ESCC 
(AJCC, 8th edition) who had received cisplatin-
based chemotherapy plus tislelizumab or sin- 
tilimab as fist-line therapy from two clinical tri-
als (NCT03469557; NCT03748134) in the first 
affiliated hospital of Zhejiang University from 
December 15th, 2017 to September 27th were 
collected. None of patients received previous 
chemotherapy or radiotherapy. TNM staging 
manual (8th edition) was used for staging. Pa- 
tient demographics and clinical data were 
obtained from the institution’s digital archiv- 
es. The investigations were performed in com-
pliance with the study protocol, which was 
approved by the Clinical Research Ethics Com- 
mittee of the first affiliated hospital of Zhe- 
jiang University with the reference number of 
2021473. All authors have access to the data 
and participated in the written, reviewed or edit 
the draft of the article and ensure the integrity 
of the accuracy data analysis.

Therapeutic regimen

Patients in FP+T cohort received 5-fluorouracil 
(750 mg/m2, days 1-5) and cisplatin (75 mg/
m2, day 1) plus tislelizumab (200 mg i.v., day 1) 
in each 21-day cycle. Patients in TP+S cohort 

received paclitaxel (175 mg/m2 i.v., days 1)  
and cisplatin (75 mg/m2, day 1) plus sintilimab 
(200 mg i.v., day 1) in each 21-day cycle. 
Treatment continued for up to six cycles, fol-
lowed by maintenance therapy with sintilimab 
(200 mg i.v., every 21 days) or tislelizumab  
(200 mg i.v., every 21 days) until progression, 
death or unacceptable toxicity, or for up to 24 
months. Patients could continue treatment 
after the initial disease progression based on 
RECIST v1.1, to confirm the disease progres-
sion status, as taking into account of the poten-
tial pseudoprogression.

Assessments

Response was assessed per RECIST v1.1  
and per irRC by investigator. Progression free 
survival (PFS) was calculated as the time 
between day 1 (treatment started) and dis- 
ease progression defined by RECIST v1.1  
or last follow-up date. Patients were followed 
up for survival until death or study closure. 
Adverse events (AEs) were assessed for up to 
30 days after treatment (90 days for serious 
AEs) and were graded according to Common 
Terminology Criteria for Adverse Events, ver-
sion 4.0.

Statistical analysis

Safety and efficacy analysis were performed  
in all patients. The response rate was assess- 
ed by point estimate. Duration of response 
(DoR), progression-free survival (PFS), and 
overall survival (OS) was estimated using the 
Kaplan-Meier method. 95% CIs were calculat- 
ed using the Clopper-Pearson method. Sta- 
tistical calculation was performed by Gra- 
phPad Prism Software V.8.0; T-test was used 
for factor change comparisons and two-way 
analysis of variance (ANOVA) was used for 
groups comparisons, P value <0.05 considered 
significant.

Results

Cisplatin plus anti-PD-1 antibody enhanced 
the antitumor effects and increased CD8+ TILs 
in ESCC in humanized mice model

Humanized mice were established and com-
monly used ESCC cell line TE-1 were inoculat- 
ed. Schematic diagram of experiment was 
shown in Figure 1A. Humanized mice bearing 
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Figure 1. CDDP plus anti-PD-1 antibody enhanced the antitumor effects and increased CD8+ TILs in ESCC in human-
ized mice model. (A) Schematic diagram of humanized mice establishment and experimental design. (B) Average 
tumor volumes. (C) Weights of tumors on day 15. (D) Average percentages of CD8+ TILs area in tumors per filed. 
(E) Representative immunohistochemistry images of tumors stained for CD8 (brown). Scale bar, 100 μm. *P<0.05, 
**P<0.01, ***P<0.001 and ****P<0.0001; two-way analysis of variance (ANOVA) in (B), two tailed unpaired Student’s 
t test in (C) and (D). Data from two independent experiments were shown (means ± SEM).
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TE-1 cells were divided into five treatment 
groups, and the tumor volumes of mice treat- 
ed with PBS (control), isotope IgG antibody, 
CDDP, sintilimab or combined CDDP and sintil-
imab were measured and plotted (Figure 1B). 
Mice were euthanized and tumor weight were 
measured at day 15 (Figure 1C). Tumors in  
the control and the isotope IgG groups have  
no significant difference in tumor growth rate 
and tumor weight. In the cisplatin and anti-PD- 
1 antibody groups, tumor volume was reduc- 
ed by 22% and 44% respectively as compar- 
ed to control (1113.5±189 and 801.4±151 vs 
1425.0±215 mm3). In the combination treat-

ment group, the tumor volume was signifi- 
cantly reduced which the reduction reached  
65% as compared to control (502.2±131 vs 
1425.0±215 mm3) (Figure 1B). The differenc- 
es among groups in terms of tumor weight  
were consistent with the differences showed in 
the tumor volume and these data were sum- 
marized in Figure 1C. Next, we evaluated the 
CD8+ TILs in ESCC from humanized mice of 
each group. We calculated CD8 positive area 
(brown area) on images at the same magni- 
fication and observed that the combina- 
tion treatment exhibited the highest area of 
CD8+ lymphocytes infiltration (13568.4±2543 

Figure 2. Schematic diagram of co-culturing ESCC cell lines and PBMCs. K30 or TE-1 cells were cultured with 
CDDP (1 μg/ml) for 48 h. Thereafter, untreated or CDDP-treated K30 or TE-1 cells (5×104 cells) were cultured with 
activated PBMCs (with 0.1 mg/ml IgG or with 0.1 mg/ml sintilimab) in 96-well round plates for 24 h, E:T=5:1. Sub-
sequently, cell viability was detected by CCK8 assay and flow cytometry. The levels of IL-2 and IFN-γ in supernatants 
were measured.
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μm2) when compared to either control group 
(2663.1±450 μm2), IgG group (2613.6±530 
μm2) or monotherapy groups (CDDP: 4111.2± 
1090; αPD-1: 8888.6±1860 μm2; Figure 1D, 
1E). Thus, these results suggest cisplatin plus 
anti-PD-1 antibody could improve the therapeu-
tic effects and increased CD8+ TILs in ESCC in 
animal models.

Cisplatin sensitizes K30 and TE-1 cells to acti-
vated PBMCs and the killing ability of immune 
cells can be enhanced by PD1 blockade

As CD8+ lymphocytes are the major cytotoxic 
immune cells to eliminate tumor cells and it 
increased the most significantly in the combi-
nation treatment group in ESCC in animal mod-
els, we suspected the increased CD8+ TILs 
played a role in tumor reduction and want to 
explore whether cisplatin could influence the 
sensitivity of ESCC cells to cytotoxic immune 
cells. We established an ESCC cells/PBMCs  
co-culture system in vitro. The schematic dia-
gram is shown in Figure 2. Before the assays, 

PBMCs were in vitro expanded and activated 
with 100 U/ml IL-2 and 5 μg/ml anti-CD3, anti-
CD28 antibodies for 7-10 days. The activa- 
tion was confirmed by flow cytometry analysis 
of the increased expression of CD25 (a T ce- 
ll activation marker) in CD8+ lymphocytes 
(Figure 3A, 3B). Cell viability of K30 and TE-1 
cells in responding to different dose of CDDP 
were determined. In order to avoid cisplatin 
triggering massive cell death, sublethal doses 
(1 μg/ml) of cisplatin was used to treat ESCC 
cells in the following experiments. K30 or  
TE-1 cells were cultured with cisplatin (1 µg/ml) 
for 48 hours. Thereafter, untreated or CDDP-
treated K30 or TE-1 cells (5×104 cells) were  
cultured with activated PBMCs (with 0.1 mg/ 
ml IgG or with 0.1 mg/ml sintilimab) in 96-well 
round plates for 24 hours, the ratio of effec- 
tor cells to target cells was 5:1 (E:T=5:1). 
Supernatant was discarded and PBMCs were 
washed away. Cell viability of K30 and TE-1 
cells was measured by CCK8 assay. As a result, 
compared to untreated cells, cisplatin treated 
K30 or TE-1 cells were more susceptible to acti-

Figure 3. CDDP plus anti-PD-1 antibody significantly inhibited the growth of ESCC cells in the ESCC cells/PBMCs 
co-culture system. A. Representative images of PBMCs before and after stimulation. B. FACS showing the ratio of 
CD25+ cells in CD8+ lymphocytes before and after stimulation. C. CCK8 assay showing K30 and TE-1 cells viability 
in responding to different dose of CDDP and plot against lg μg/ml of CDDP. In the concentration of 1 µg/ml (lg dose 
=0), the relative cell survival rate of K30 and TE-1 cells were between 50% and 60%. D and E. ESCC cells/PBMCs co-
culture system was established. After co-culturing, supernatant was discarded and PBMCs were washed away. Cell 
viability of adherent K30 and TE-1 cells was measured by CCK8 assay. Data from three independent experiments 
were shown (means ± SEM). Scale bar, 100 μm. *P<0.05, **P<0.01, ***P<0.001.
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vated PBMCs and the addition of sintilimab 
could further lower the relative cell survival rate 
(Figure 3D, 3E). In order to further verify the kill-
ing effect of immune cells on tumor cells, we 
digested the whole cells in the co-culture sys-
tem, and then stained with anti-CD45-BV421, 
followed by PI and annexin V-FITC. CD45 nega-
tive cells which represent tumor cells were 
gated and analyzed for apoptosis (Figure S1). 
The similar phenotype was observed, activated 

PBMCs induced more apoptosis on cisplatin 
treated K30 or TE-1 cells when compared to 
untreated cells and the addition of sintilimab 
enhanced the cell killing ability of immune cells. 
These data are summarized in Figure 4. Th- 
ese results indicated that cisplatin treatment 
could increase the sensitivity of K30 and TE-1 
cells to cytotoxic immune cells, and the killing 
ability of immune cells could be enhanced by 
PD1 blockade.

Figure 4. CDDP sensitizes K30 and TE-1 cells to PBMCs and the cell killing ability of immune cells can be enhanced 
by PD1 blockade. ESCC cells/PBMCs co-culture system was established. After co-culturing, whole cells were har-
vested and stained with anti-CD45-BV421, followed by PI and annexin V-FITC. CD45 negative cells were analyzed for 
apoptosis. (A and C) Representative dot plots of K30 (A) and TE-1 (C) cells from flow cytometry. (B and D) Percent-
ages of annexin V+ of K30 (B) and TE-1 (D) cells. Data from three independent experiments were shown (means ± 
SEM). **P<0.01, ***P<0.001.
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Antitumor activities of cisplatin-based chemo-
therapy plus anti-PD-1 antibody in patients 
with advanced ESCC

As the addition of anti-PD-1 antibody enhanced 
antitumor efficacy of cisplatin in vitro and in 
vivo, we next want to see the effect of the  
combination therapy in patients. From Dece- 
mber 15th, 2017, to September 27th, 2019, 11 
patients with advanced ESCC which was unre-
sectable or incurable by radiotherapy from two 
clinical trials were collected. Baseline charac-

central review per International Working Gro- 
up 2007 criteria was 81.8% in total patients 
(95% CI, 48.2% to 97.7%; FP+T, 83.3%; TP+S, 
80%). And the disease control rate (DCR) 
reached 100% in total patients (95% CI, 71.5%-
100%; FP+T, 100%; TP+S, 100%). Overall, in 
FP+T cohort (n=6), 3 patients (50%) achieved  
a complete response (CR) and 2 patients 
(33.3%) achieved a partial response (PR), 1 
patient (16.7%) achieved a stable disease (SD). 
In TP+S cohort (n=5), 4 patients (80%) achiev- 
ed a PR, 1 patient (20%) achieved a SD by 

Figure 5. Treatment 
regimens.

Table 1. Baseline characteristics
FP+T 
(n=6)

TP+S 
(n=5)

Overall 
(n=11)

Age, years, median (range) 64 (48-67) 62 (61-67) 63 (48-67)
Sex, n (%)
    male 6 (100) 5 (100)
ECOG status, n (%)
    0 1 (16.7) 1 (20.0) 2 (18.2)
    1 5 (83.3) 3 (60.0) 8 (72.7)
    2 0 1 (20.0) 1 (9.1)
TNM stage
    Iva 2 (33.3) 2 (40.0) 4 (36.4)
    Ivb 4 (66.7) 3 (60.0) 7 (63.6)
Histologic grade of primary tumor, n (%)
    Gx 0 1 (20.0) 1 (9.1)
    G1 0 1 (20.0) 1 (9.1)
    G2 1 (16.7) 2 (40.0) 3 (27.3)
    G3 5 (83.3) 1 (20.0) 6 (54.5)
Tumor location
    Upper thoracic 1 (16.7) 1 (20.0) 2 (18.2)
    Mid-thoracic 0 2 (40.0) 2 (18.2)
    Lower thoracic 5 (83.3) 2 (40.0) 7 (63.6)
Abbreviation: ECOG PS, Eastern cooperative oncology group performance status.

teristics were list in Table 1. 
All patients received cisplat-
in-based chemotherapy plus 
an anti-PD-1 antibody as first 
line therapy. The regimen for 
6 patients (NCT03469557) 
was 5-FU + cisplatin + tisleli-
zumab (FP+T), and the other 
5 patients (NCT03748134) 
was paclitaxel + cisplatin + 
sintilimab (TP+S), according 
which, patients were divided 
into FP+T cohort (n=6) and 
TP+S (n=5) cohort. The most 
common adverse events in 
both cohorts were decreas- 
ed neutrophil count, decreas- 
ed white blood cells, alope-
cia, asthenia and gastroint- 
estinal reaction including 
decreased appetite, nausea 
and vomiting, details were 
summarized in Table S1. No 
patient died as a result of 
TRAEs. The median duration 
of followup time was 20.9 
months (range, 6.0-39.6 mo- 
nths), 19.9 months (range, 
6.0-39.6 months) and 20.9 
months (range, 7-23.3 mo- 
nths), for all patients, patients 
in FP+T and TP+S cohort 
respectively, as data cutoff of 
June 15th, 2021. Two patients 
remained on treatment (n=2, 
18.2%) as data cutoff. Nine 
patients [FP+T, n=6 (100%); 
TP+S, n=3 (60%)] discontin-
ued the study treatment as 
disease progression (n=9, 
81.8%) (Figure 5). The objec-
tive response rate (ORR) by 
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ed the killing rate of cisplatin treated ESCC 
cells by activated PBMCs, we hypothesized  
cisplatin could also promote the levels of PD- 
L1 in ESCC cells, thus synergized with sintilim-
ab to induce tumor cells killing by immune cells. 
After treatment by 1 µg/ml cisplatin for 48 
hours, the PD-L1 expression of ESCC cells were 
found elevated in the protein levels as show- 
ed by western blot analysis (Figure 10C, 10F). 
We further detected it by a flow cytomet- 
er antibody targeting PD-L1, and observed  
the increased signals on cell surface of ESCC 
cells (Figure 10A-E), which proved that these 
elevated PD-L1 expression was targetable and 
functional. We next analyzed the PD-L1 expres-
sion in ESCC from humanized mice model by 
immunohistochemistry staining and western 
blot, it also showed the increased expression 
level of PD-L1 after treated by cisplatin (Figure 
10G, 10I). In sum up, these results indicated 
that the subtoxic dose of cisplatin could pro-
mote the PD-L1 expression of ESCC cells in 
vitro and in vivo.

The activation of CD8+ lymphocytes as well as 
secretion of IFN-γ and IL-2 can be suppressed 
by cisplatin-treated ESCC cells while the addi-
tion of anti-PD-1 antibody prevent this process

As immune cells’ function can be inhibited by 
PD-L1 expressed on cancer cells, we next want 
to explore the effect of cisplatin-treated canc- 
er cells on immune cells in the coculture sys-
tem, including its activation and function. The 
co-culture system was established as men-
tioned previously (Figure 2). After co-culturing, 

Lugano criteria (Table 2). Early and durable 
responses were observed in both the cohorts 
(Figure 7), the median time to response was 6 
weeks in both the FP+T and TP+S cohorts. The 
median DoR of these patients was 15.2 months 
in total patients (range, 10.0-26.6 months; 
FP+T, 15.2 months; TP+S, 18.5 months; Table 
2). The median PFS was 15.5 months in total 
patients (FP+T, 15.5 months, TP+S, 16.9 
months), and the median OS was 21.5 months 
in total patients (FP+T, 18.3 months; Table 2; 
Figure 6). The median OS in TP+S was not 
reached, although was anticipated to extend 
beyond 20.9 months (Figure 6). Nine (81.8%) of 
11 evaluable patients had target lesion size 
reduced from baseline (5/6 in FP+T cohort; 4/5 
in TP+S cohort; Figure 7). Some representative 
computer tomography (CT) scan images of pri-
mary or metastatic lesions before and after 
treatment in FP+T or TP+S cohort are shown in 
Figures 8 and 9. Kaplan-Meier estimates of 
PFS and OS for patients in each cohort were 
showed in Figure 6. Collectively, these results 
indicated cisplatin-based chemotherapy plus 
anti-PD-1 antibody demonstrated promising 
antitumor activities in patients with advanced 
ESCC.

Cisplatin increased PD-L1 expression in ESCC 
cells

Researches revealed that cisplatin could in- 
duce significant levels of PD-L1 upregulation in 
several tumors including lung cancer and ovar-
ian cancer [19, 20]. As previous studies show-
ing that the addition of sintilimab enhanc- 

Table 2. Antitumor activity
FP+T TP+S Total

Response, % (95% CI)
Overall response 83.3 (35.9-99.6) 80 (28.4-99.5) 81.8 (48.2-97.7)
Complete response 50 (11.8-88.2) 0 27.3 (6.0-61.0)
Partial response 33.3 (4.3-77.7) 80 (28.4-99.5) 54.5 (23.4-83.3)
Stable disease 16.7 (0.4-64.1) 20 (0.5-71.6) 17.4 (5.0-38.8)
Disease control rate 100 (54.1-100) 100 (47.8-100) 100 (71.5-100)
Progressive disease 0 0 0
Median time to response, weeks 6 6 6 
Median duration of response, months (range) 15.2 (10.0-26.6) 18.5 (13.7-21.1) 15.2 (10.0-26.6)
Median PFS, months 15.5 16.9 15.5
Median OS, months 18.3 Not reached 21.5
12 months disease control rate n(%) 4 (66.7) 4 (80.0) 8 (72.7)
Abbreviation: PFS, Progression-free survival; OS, Overall survival.
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Figure 6. Kaplan-Meier plots of median progression-free survival (A) and overall survival (B).
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Figure 7. Change in sum of target lesion diameters over time for total pa-
tients (A). Best change from baseline in target lesion size for total patients 
(B). 

the levels of IFN-γ and IL-2 
reflecting the function of im- 
mune cells in cell culture super-
natants were measured by 
ELISA. The results indicated 
that CDDP-treated ESCC cells 
suppressed immune cells func-
tion in the secretion of IFN-γ 
and IL-2, while the addition  
of the anti-PD1 antibody sintil-
imab in CDDP-treated ESCC 
cells/PBMCs co-culture system 
restored immune cells func- 
tion (Figure 11A, 11B). We ne- 
xt detected the expression of 
CD25 (a marker of lymphocyt- 
es activation) in CD8+ lympho-
cytes to further examine the 
effect of cisplatin-treated ES- 
CC cells on CD8+ lymphocyt- 
es’ activation. PBMCs were col-
lected from the co-culture sys-
tem and stained with CD8 and 
CD25 flow cytometer antibod-
ies, the ration of CD25+ cells in 
CD8+ lymphocytes were ana-
lyzed. The results suggest that 
the ration of CD25+ cells in 
CD8+ lymphocytes was signifi-
cantly decreased by CDDP-
treated ESCC cells as compar- 
ed to ESCC cells itself, while  
the addition of sintilimab in 
CDDP-treated ESCC cells/PB- 
MCs co-culture system restor- 
ed the activation of CD8+ lym-
phocytes (Figure 11C-F). Co- 
llectively, these results reveal- 
ed that the activation of CD8+ 
lymphocytes as well as immu- 
ne cells function in secretion of 
IFN-γ and IL-2 could be sup-
pressed by cisplatin-treated 
ESCC cells in the co-culture  
system while the addition of 
anti-PD1 antibody prevent this 
process.

Figure 8. Representative CT scan 
images of primary lesion (patient 
1), lymph nodes (patient 2) and 
spine (patient 3) metastatic lesions 
after two cycles of FP+T regimen. 
Red arrows indicate the primary or 
metastatic lesions.
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Figure 9. Representative CT scan images of lung (patient 1) and liver (patient 2) metastatic lesions after one and 
two cycles of TP+S regimen. Red arrows indicate the metastatic lesions.
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is superior than the median OS of 10.7 months 
in patients with chemotherapy alone [9]. 
Another anti-PD-1 antibody camrelizumb plus 
cisplatin-based chemotherapy in advanced 
ESCC also showed promising antitumor activi-
ties with a manageable safety profiles [26]. 
Taken together, these results demonstrated 
compared to chemotherapy alone, cisplatin-
based chemotherapy plus anti-PD-1 antibody 
had more potent antitumor efficiency in 
patients with advanced ESCC.

Current researches demonstrated that facilitat-
ing the lymphocytes activation and/or infiltra-
tion in the TME is the key factor for tumor 
responding to immune checkpoint PD-1 anti-
bodies [27]. Yoshihiro observed neoadjuvant 
chemotherapy of 5-FU+cisplatin increased 
CD8+ TILs in ESCC [28]. In our study, we also 
found a significantly increased CD8+ TILs in 
ESCC in the combination group indicating cis-
platin may turning the tumor immune microen-
vironment into a favorable one for ICB thera-
pies. With high frequency of neoantigens, ESCC 
is theoretically suitable for immunotherapy  
and the neoantigens caused by platinum salts 
can be added to de novo mutations caused by 
tobacco smoke and other carcinogens in ESCC 
[29-31], thus enhanced the immunotherapy 
effects. Researches revealed that chemothra- 
puetic treatment of 5-FU+cisplatin increased 
PD-L1 expression in ESCC [32]. Here, we con-
firmed the ability of cisplatin in promoting ESCC 
cells PD-L1 expression. Some authors demon-
strated that with lack of PD-L1 expression, 
tumors usually exhibit phenotype characterized 
as ‘cold’ tumors which shows a low level of 
immune cells infiltration in the surrounding 
microenvironment [33, 34]. The elevated PD-L1 
expression in tumors may play a significant role 
in transforming ESCC into “hot” tumor and part-
ly explained the enhanced antitumor activities 
in the co-culture system by addition of sintilim-
ab. IFN-γ and IL-2 can be secreted by lympho-
cytes in PBMCs, while which could be extin-
guished due to lymphocytes exhaustion [35, 
36]. Interestingly, in this study, we observed 

Discussion

For advanced ESCC, standard regimens is cis-
platin plus paclitaxel or 5-FU [21]. The ORR  
in first line chemotherapy of advanced ESCC 
are approximately 37%-58%, while the DoR is 
only 4-7 months [17, 22-24]. New effective ther-
apeutic approaches for advanced ESCC are 
urgently needed. In our study, the enhanced 
antitumor effects of cisplatin plus sintilimab 
compared to single agent regimen were 
obtained in vivo and in vitro. In analysis of 11 
patients with advanced ESCC which is unre-
sectable or incurable by radiotherapy, we 
observed the clinical benefit of cisplatin-based 
chemotherapy plus anti-PD-1 antibody (tisleli-
zumab or sintilimab) in this patient population. 
The safety profiles of this combination were 
acceptable and manageable. The response 
rate was up to 81.8% (9 of 11) with median DoR 
of 15.2 months (10-26.6 months), 3 patients 
(27.3%) achieved a complete response and 6 
patients (54.5%) achieved a partial response. 
Although it is difficult to make direct compari-
sons among several trials since which had 
some different clinicopathological patient char-
acteristics, the ORR was 33% and the median 
DoR was 5.75 months of standard chemothera-
py (cisplatin+5-FU) in Japanese patients with 
advanced ESCC [25]. As data cutoff of June 
15th, 2021, the median PFS was 15.5 months, 
the median OS was 21.5 months in our study 
while a media PFS of 4.8-7.9 months and medi-
an OS of 10.4-13.5 months [17, 22-24] had 
been reported for first line chemotherapy 
across several clinical trials. In addition, pre-
liminary results of an ongoing clinical trial 
(KEYNOTE-590) suggest promising antitumor 
activities of pembrolizumab plus cisplatin-
based chemotherapy and median OS was 12.6 
months in patients with combination therapy 
while which was 9.8 months in patients with 
chemotherapy alone [10]. Another ongoing  
clinical trial (CheckMate 648) investigating 
nivolumab plus cisplatin-based chemotherapy 
obtained the median OS of 13.2 months which 

Figure 10. CDDP increased ESCC cells PD-L1 expression. (A-E) PD-L1 expression of K30 (A) and TE-1 (D) cells, treat-
ed with CDDP (1 μg/ml) or PBS (control) for 48 h, detected by flow cytometry. Gates were set according to isotype 
control. Percentages of PD-L1 positive K30 (B) and TE-1 (E) cells from three independent experiments were shown 
(means ± SEM). (C, F) PD-L1 expression of K30 (C) and TE-1 (F) cells, treated with CDDP (1 μg/ml) or PBS (control) 
for 48 h, detected by western blot. (G-I) PD-L1 expression in ESCC from humanized mice treated by CDDP (5 mg/kg) 
for 15 days, detected by IHC staining (G) and western blot (I). Relative PD-L1 positive area (H) from two experiments 
were shown (means ± SEM). Scale bar, 50 μm. *P<0.05, **P<0.01.
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cisplatin-treated ESCC cells inhibited the acti-
vation of CD8+ lymphocytes and suppressed 
the secretion of IFN-γ and IL-2 in the co-culture 
system while which could be restored by the 
addition of sintilimab. These results demon-
strated that the beneficial effect of cisplatin 
was mediated, at least partly, by its capability 
to promote PD-L1 expression in ESCC cells and 
act synergistically with anti-PD-1 antibody to 
restore exhausted lymphocytes activities.

One of the limitations in our study is that we did 
not follow up with biomarkers to predict the 
effect of this combination therapy. Preliminary 
results of KEYNOTE-590 and CheckMate 648 
showed patients with high PD-L1 expression 
achieved longer median OS in pembrolizumab/
nivolumab + chemotherapy regimen when com-
pared to chemotherapy alone, however, su- 
perior clinical benefits were also obtained for 
OS, PFS and ORR in all ESCC patients regard-
less of PD-L1 expression in tumors [9, 10]. In 
addition, another clinical trial testing tislelizum-
ab plus chemotherapy in ESCC and gastric/gas-
troesophageal junction adenocarcinoma also 
demonstrated tislelizumab exhibited durable 
clinical responses regardless of PD-L1 status in 
these tumors [11]. Combined with the results 
from ESCC cells/PBMCs co-culture system we 
did, we assumed that cisplatin-based chemo-
therapy may upregulate the expression of PD- 

L1 in tumors, help providing a favorable TME  
for ICB therapies and act synergistically with 
anti-PD-1 antibody to restore exhausted T-cells 
activities, thus enhanced antitumor activities. 
Further investigation should be done to analyze 
the potential biomarkers for this combination 
therapy.

Conclusion

In summary, we found cisplatin plus anti-PD-1 
antibody enhanced the antitumor effects and 
increased CD8+ TILs in ESCC in humanized 
mice model. In vitro co-culture system, we 
observed that cisplatin sensitized K30 and 
TE-1 cells to activated PBMCs and the killing 
ability of immune cells could be enhanced by 
PD1 blockade. We also provided clinical data in 
our center responding to the regimen cisplatin-
based chemotherapy plus an anti-PD-1 anti-
body (tislelizumab or sintilimab) of 11 patients 
with advanced ESCC and demonstrated that 
treatment of cisplatin-based chemotherapy 
plus tislelizumab or sintilimab is an effective 
and safe option in patients with advanced 
ESCC. We further confirmed cisplatin could 
increase the expression of PD-L1 in ESCC cells 
and this capability act synergistically with anti-
PD-1 antibody to restore exhausted T-cells 
activities, which partly explained the beneficial 
effect of the combination treatment. This study 

Figure 11. The activation of CD8+ lymphocytes as well as secretion of IFN-γ and IL-2 can be suppressed by CDDP-
treated ESCC cells in the co-culture system while the addition of anti-PD-1 antibody prevent this process. (A and B) 
ESCC cells/PBMCs co-culture system was established. After co-culturing, the levels of IL-2 and IFN-γ in supernatants 
were measured by ELISA. Data from three independent experiments were shown (means ± SEM). (C-F) PBMCs from 
K30 cells/PBMCs co-culture system (C) and TE-1 cells/PBMCs co-culture system (D) were collected and stained with 
CD8-PB and CD25-PE, the ratio of CD25+ cells in CD8+ lymphocytes were detected by flow cytometry. Percentages 
of CD25+ cells in CD8+ lymphocytes in K30 cells/PBMCs co-culture system (E) and TE-1 cells/PBMCs co-culture sys-
tem (F) from three independent experiments were shown (means ± SEM). **P<0.01, ***P<0.001 and ****P<0.0001.



Cisplatin plus anti-PD-1 antibody in ESCC

466	 Am J Cancer Res 2022;12(2):451-468

will hopefully provide a solid and reliable basis 
for further explorations in the mechanism of 
the combination treatment of cisplatin-based 
chemotherapy with immune checkpoint inhibi-
tors in ESCC.
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Table S1. Treatment-related adverse events
FP+T (n=6) TP+S (n=5) Total (n=11)

Grade 1-2 Grade 3 Grade 4 Grade 1-2 Grade 3 Grade 4 Grade 1-2 Grade 3 Grade 4
Peripheral sensory neuropathy 3 (50.0) 0 0 3 (60.0) 2 (40.0) 0 6 (54.5) 2 (18.2) 0

Alopecia 6 (100) 0 0 4 (80.0) 1 (20.0) 0 10 (90.9) 1 (9.1) 0

Asthenia 6 (100) 0 0 4 (80.0) 1 (20.0) 0 10 (90.9) 1 (9.1) 0

Decreased weight 1 (16.7) 0 0 2 (40.0) 0 0 3 (27.3) 0 0

Rash 4 (66.7) 0 1 (16.7) 4 (80.0) 0 0 8 (72.7) 0 1 (9.1)

Diarrhea 3 (50.0) 0 0 1 (20.0) 0 0 4 (36.4) 0 0

Decreased appetite 5 (83.3) 1 (16.7) 0 4 (80.0) 1 (20.0) 0 9 (81.8) 2 (18.2) 0

Nausea 5 (83.3) 1 (16.7) 0 4 (80.0) 0 1 (20.0) 9 (81.8) 1 (9.1) 1 (9.1)

Vomiting 6 (100) 0 0 4 (80.0) 0 1 (20.0) 10 (90.9) 0 1 (9.1)

Decreased neutrophil count 2 (33.3) 4 (66.7) 0 3 (60.0) 1 (20.0) 1 (20.0) 5 (45.5) 5 (45.5) 1 (9.1)

Anemia 6 (100) 0 0 4 (80.0) 0 0 10 (90.9) 0 0

Decreased WBC 3 (50.0) 3 (50.0) 0 4 (80.0) 1 (20.0) 0 7 (63.6) 4 (36.4) 0

Pyrexia 1 (16.7) 0 0 2 (40.0) 0 0 3 (27.3) 0 0

Hypothyroidism 3 (50.0) 0 0 2 (40.0) 0 0 5 (45.5) 0 0

Figure S1. Gating CD45 negative cells for apoptosis analysis in ESCC cells/PBMCs co-culture system. ESCC cells/
PBMCs co-culture system was established as previously described. After co-culturing, whole cells were harvested 
and stained with anti-CD45-BV421, followed by PI and annexin V-FITC. CD45 negative cells were gated and analyzed 
for apoptosis.


