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ABSTRACT
Spartalizumab (PDR001) is a humanized IgG4 monoclonal antibody targeting programmed cell death 
protein 1 (PD-1). We conducted a single-arm, phase 2 trial to investigate the efficacy and safety of 
spartalizumab in patients with refractory esophageal squamous cell carcinoma (ESCC). Patients with 
histologically confirmed ESCC who experienced disease progression after platinum-based chemotherapy 
received 300 mg of intravenous spartalizumab every three weeks until disease progression or occurrence 
of unacceptable toxicity. The primary endpoint was centrally assessed objective response according to the 
Response Evaluation Criteria in Solid Tumors, version 1.1. Adverse events were closely monitored 
throughout the study. From March 2020 through April 2021, 44 patients with ESCC were enrolled. Of 
the 44 patients, the objective response rate was 20.5% (95% confidence interval: 8.5–32.4). With a median 
follow-up of 10.9 months, median progression-free survival and overall survival were 3.2 months and 11.2  
months, respectively. In addition, the median duration of response was 24.7 months. The most common 
grade 3 or 4 adverse event was grade 3 dysphagia (eight [18%] patients). Biomarker analyses explored 
programmed cell death ligand 1 and CD20 as potential predictive markers for PD-1 blockade. 
Spartalizumab showed promising activity with a manageable safety profile, indicating its potential as 
a new treatment option for patients with refractory ESCC.
Trial registration: The trial was registered at ClinicalTrials.gov under the identifier NCT03785496.
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Introduction

Esophageal cancer ranks seventh in incidence and sixth in 
cancer-related mortality, with 544,000 deaths reported world-
wide in 2020.1 The most common histological subtype in Asia 
is squamous cell carcinoma (SCC), which accounts for 
approximately 90% of esophageal cancer cases.2 Although 
neoadjuvant chemoradiation followed by surgery has moder-
ately improved the survival rate of esophageal cancer,3 over 
30% of the patients still develop recurrence postoperatively.4 

Treatment options are limited for patients with metastatic 
esophageal squamous cell carcinoma (ESCC), highlighting 
the need for novel treatment strategies.

Immune checkpoint blockade has dramatically changed the 
treatment of melanoma and non-small cell lung cancer 
(NSCLC), and its efficacy is being explored in gastrointestinal 
cancer.5,6 Programmed cell death protein 1 (PD-1) is an inhi-
bitory receptor expressed on various immune cells, including 
activated T cells, regulatory T cells, and B cells.7,8 PD-1 inter-
acts with programmed cell death ligand 1 (PD-L1) or pro-
grammed cell death ligand 2 (PD-L2) to downregulate 

effector T-cell responses and mediate immune tolerance.9,10 

Monoclonal antibodies targeting PD-1 can restore effector 
T cell function and antitumor activity,11 leading to clinical 
benefits in patients with advanced cancers.12,13 There is 
a growing trend to integrate immunotherapy with conven-
tional chemotherapy to improve therapeutic outcomes. 
Currently, the combination of PD-1 inhibitor with cytotoxic 
chemotherapy is an established standard first-line treatment 
option for various tumor types including NSCLC, head and 
neck squamous cell carcinoma, and ESCC.14–18

Spartalizumab (PDR001) is a humanized IgG4κ monoclonal 
antibody that binds to PD-1 with subnanomolar activity 
in vitro and blocks interaction with PD-L1/PD-L2 in cell- 
based assays.19 Although limited efficacy was reported in 
a phase 1 trial targeting the heavily pretreated and heteroge-
neous population, on-treatment immune activation was 
observed via paired tumor biopsies of advanced or metastatic 
solid tumors.19

Based on the rationale mentioned above, we conducted 
a multicenter, single-arm, phase 2 trial to evaluate the safety 
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and efficacy of spartalizumab among recurrent or metastatic 
ESCC patients in Korea.

Materials and methods

Study design and participants

Eligible patients were diagnosed as having histologically 
confirmed stage IVB or recurrent ESCC refractory or intol-
erant to standard therapy. Patients were required to have 
an age of 20 years or older, Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 through 2, 
a measurable lesion (based on the Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1),20 and 
adequate organ function starting therapy. Patients had no 
history of immune checkpoint inhibitor treatment and have 
experienced disease progression during or following prior 
platinum-based chemotherapy for metastatic disease or dis-
ease recurrence within six months after treatment with 
platinum-based chemotherapy with curative intent. 
Exclusion criteria included the presence of clinically sig-
nificant concurrent malignancies interfering with the prog-
nosis of ESCC, impaired cardiac or pulmonary function 
precluding major surgery, active autoimmune or infectious 
disease, ongoing systemic corticosteroid or other immuno-
suppressive therapy, pneumonitis or interstitial lung disease 
or active infection, and acute or chronic infection with 
hepatitis B or C virus. The complete inclusion and exclu-
sion criteria are listed in the Supplementary methods. The 
study was approved by the Korean Cancer Study Group 
(KCSG) and the institutional ethics committees of each 
hospital. It was carried out strictly according to the prin-
ciples of Good Clinical Practice and the Declaration of 
Helsinki. The KCSG study number was KCSG HN18–17, 
and the clinicaltrials.gov identifier number was 
NCT03785496. Additionally, this study (K-MASTER pro-
ject 12; KM-12) was part of the K-MASTER project, 
a nationwide cancer genome screening project in Korea 
initiated in 2017.21 Written informed consent was obtained 
from each participant. Each participant provided written 
consent after being fully informed.

Treatment

Eligible patients received spartalizumab intravenously at 
a dose of 300 mg in 30-minute infusions every three 
weeks in six-week cycles. Treatment continued until disease 
progression, death, intolerable toxic effects, withdrawal of 
consent, or an investigator’s decision to discontinue treat-
ment. Dose modification was prohibited, but dose skipping 
was allowed if patients experienced grade 3 or worse treat-
ment-related adverse events (TRAE) according to the 
Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0. Treatment was discontinued if the 
investigator assessed the patient as having progressive dis-
ease according to RECIST version 1.1, worsening clinical 
symptoms, intolerable or life-threatening adverse events, or 
withdrew consent.

Assessments

The disease was assessed by computed tomography of the chest 
and abdominopelvic area at screening and every six weeks after 
that (Day 21[�seven days] of every even-numbered cycle) until 
radiological disease progression.

End points

The primary endpoint was the centrally assessed objective 
response rate (ORR), which was defined as the proportion of 
patients whose best overall response was complete response or 
partial response according to the RECIST v1.1. Secondary end-
points were the depth of response (defined as the change in 
target-lesion size from baseline), best objective response, over-
all survival (OS, defined as the length of time from the start of 
treatment to death), progression-free survival (PFS, defined as 
the length of time from the start of treatment until the first 
evidence of disease progression or death), disease control rate 
(DCR), duration of response (DOR), and safety, assessed by the 
investigators.

Biomarker analysis

Biopsy samples from the primary tumor were fixed in 10% 
formalin, embedded in paraffin, and cut into 4 μm-thick tissue 
sections for further analyses. Formalin-fixed, paraffin- 
embedded (FFPE) sections were transferred to adhesive slides 
and dried at 60°C for 30 minutes. The slides were incubated 
with primary antibodies at 4°C overnight. Immune cells within 
the tumor and surrounding stromal compartments were mea-
sured using immunohistochemistry (IHC) with a panel of six 
proteins (CD20, CD3, CD4, CD8, PD-1, FOXP3). Tertiary 
lymphoid structures (TLSs) were identified by clusters of 
CD20-positive B cells, encircled by accumulating T cells.22 

Patients were considered TLS-positive if at least one TLS was 
present within the tumor’s invasive margins. The following 
primary antibodies were used: rabbit PD-L1 monoclonal anti-
body (clone SP263, 1:100; Ventana Medical Systems, Tucson, 
USA), CD20 monoclonal antibody (L26, ready to use, Ventana 
Medical Systems, Tucson, USA), CD276 monoclonal antibody 
(6A1, 1:200; Abcam, Cambridge, UK), CD155 monoclonal 
antibody (D8A5G, 1:100; Cell Signaling Technology, 
Massachusetts, USA), rabbit CD4 monoclonal antibody 
(clone SP35, 1:100; Abcam, Cambridge, UK), rabbit CD8 
monoclonal antibody (clone SP57, 1:100; Ventana Medical 
Systems), PD-1 monoclonal antibody (NAT105, 1:100; Cell 
Marque, USA), and mouse forkhead box P3 (FOXP3) mono-
clonal antibody (clone 263A/E7, 1:100; Abcam). After adding 
secondary antibodies and counterstaining with hematoxylin, 
immune detection was achieved using the DISCOVERY DAB 
Map Detection Kit (Ventana Medical Systems) according to 
the manufacturer’s instructions. The number and intensity of 
immunostaining cells were calculated using image analysis 
software (NuclearQuant, 3D HISTECH, Budapest, Hungary).

PD-L1 protein expression was determined by both tumor 
proportion score (TPS), defined as the number of PD-L1 
membranous stained tumor cells divided by the total number 
of viable tumor cells, and combined positive score (CPS), 
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defined as the number of PD-L1 staining cells (tumor cells, 
lymphocytes, and antigen-presenting cells) divided by the total 
number of viable tumor cells.

For CD3, CD4, CD8, CD20, PD-1, and FOXP3, immune cell 
density was calculated as the number of positively staining 
immune cells divided by the total annotation area. We estab-
lished the cutoff of immune cell density for CD3, CD4, CD20, 
PD-1, and FOXP3 as their median values based on earlier 
studies.22–24 We categorized patients with greater density 
values compared to the cutoff as “high” (330 cells/mm2 for 
CD3, 190 cells/mm2 for CD4, 18 cells/mm2 for CD20, 30 cells/ 
mm2 for PD-1, 160 cells/mm2 for FOXP3, respectively) and the 
others as “low.” The cutoff cell density value of 400 cells/mm2 

for CD8 was used based on earlier studies.25

For CD276 IHC, patients were classified as negative if there 
was no observable staining in both the tumor and tumor- 
infiltrating lymphocytes. All others were classified as positive.

For poliovirus receptor (PVR, CD155) IHC, a histoscore 
(H-score) was calculated based on staining intensity (0, none; 
1, weak; 2, intermediate; and 3, strong) and percentage of posi-
tive cell staining ranging from 0 to 300. To facilitate the strati-
fication of patients according to the protein expression, we set 
the cutoff for expression of PVR in tumors as their median value 
and defined patients with higher H-score compared to the cutoff 
as “high” (H-score 60 for PVR) and the others as “low.”

Statistical analysis

To investigate the effectiveness of the treatment against 
a null hypothesis of a 10% objective response rate (ORR) 
and an alternative hypothesis of over 30% ORR, our study 
was designed with a Type I error rate of 0.05 and a Type 
II error rate of 0.10. Additionally, we aimed to examine 
the deviation from a 20% response rate in patients pre-
viously treated with platinum-based chemotherapy, using 
a one-sided alpha level of 0.05 for the primary analysis. 
Considering a 20% dropout and follow-up loss rate, we 
determined a total sample size of 44 patients to ensure the 
statistical validity and reliability of our findings.

All patients who received at least one dose of spartalizumab 
were included for analysis. The response rates (ORR and DCR) 
were determined by assessing the proportion of patients with 
RECIST-defined responses, accompanied by 95% confidence 
intervals (CI) calculated using normal approximation. For 
time-to-event endpoints (OS, PFS), median values and two- 
sided 95% CIs were estimated using the Kaplan-Meier method. 
Statistical analyses were performed using GraphPad Prism 
software version 8.0 for Windows (GraphPad Software, San 
Diego, CA, USA).

Results

Patients and treatment

From March 2020 through April 2021, 49 patients were 
screened, and 44 eligible patients were enrolled. Patient demo-
graphic and baseline characteristics are displayed in Table 1. At 
the time of data cutoff (October 31, 2023), the median follow- 
up was 10.9 months (range, 0.8 to 41.3 months) with a median 

duration of treatment exposure of 3.2 months (range, 0.5 to 
41.3 months), and four patients continued receiving spartali-
zumab treatment.

Efficacy

The ORR was 20.5% (95% CI: 8.5–32.4), with nine out of 
the 44 intent-to-treat population showing objective 
responses, according to the investigator’s assessment. 
Reductions in the sum of target lesion measurements 
were observed in 16 patients (36.4; 95% CI: 22.2–50.6, 
Figure 1(a)). 25 patients achieved disease control (56.8%; 
95% CI: 42.2–71.5). Median DOR was 23.4 months (95% 
CI: 4.4–30.2, Supplementary Fig. S1, Table 2), with three 
patients showing persistent response at the data cutoff 
point (Figures 1(b), 1(c)). In addition, there were six long- 
term survivors, including five persistent responders, who 
persisted in treatment for more than 24 months since 
receiving spartalizumab. In the overall intent-to-treat popu-
lation, the median PFS was 3.2 months (95% CI: 1.3–6.9, 
Figure 2(a), Table 2), and the median OS was 11.2 months 
(95% CI: 7.8–17.3, Figure 2(b), Table 2), respectively. There 
was no significant difference in PFS or OS when analyzed 
by treatment line (Supplementary Fig. S2).

Table 1. Baseline patient characteristics.

Characteristics N = 44%)

Age(range), years 61 (52–82)

Sex
Male 43 (97.7%)
Female 1 (2.3%)

ECOG performance status
0 9 (20.5%)
1 33 (75.0%)
2 2 (4.5%)

Histologic type
Squamous-cell carcinoma 44 (100%)

Smoking
Never 5 (11.4%)
Previous 37 (84.1%)
Current 2 (4.5%)

Metastatic pattern
De novo metastatic 9 (20.5%)
Recurrent 35 (79.5%)

Previous treatment
Curative surgery 27 (61.4%)
Concurrent chemoradiation 26 (59.1%)

Number of prior chemotherapies
1 30 (68.2%)
2 14 (31.8%)

PD-L1 expression (n = 36)

TPS
<1% 30 (83.3%)
≥1% 6 (16.7%)
≥10% 33 (91.7%)
≥10% 3 (8.3%)

CPS
<1 19 (52.8%)
≥1 17 (47.2%)
<10 31 (86.1%)
≥10 5 (13.9%)

ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed cell death 
ligand-1; TPS, tumor proportion score; CPS, combined positive score.
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Adverse events

Adverse events were reported in 38 (86%) out of 44 patients, 
with grade 3–5 events in 17 (39%, Table 3) and serious 
adverse events in 17 (39%, Supplementary Table S1). The 
most common grade 3 or grade 4 adverse events were grade 
3 dysphagia (eight [18%] patients), grade 3 lung infection 
(three [7%] patients), grade 4 hypercalcemia (two [5%] 
patients), and grade 3 hypoxia (two [5%] patients) 
(Table 3). The most common serious adverse events were 
dysphagia (25%), lung infection (11%), and fatigue (7%) 
(Supplementary Table S1). TRAEs were reported in 21 
(48%) of 44 patients, with grade 3–5 events in 4 (9%) and 
serious treatment-related adverse events in 4 (9%). One 
patient had diabetic ketoacidosis, thrombocytopenia, and 

thrombosis deemed a treatment-related adverse event. 
There was one case each of aspiration pneumonia, colitis, 
and fever, all of whom recovered after antibiotics therapy 
(Table 3).

Treatment was interrupted six times in five patients 
(11%), all unrelated to treatment except for one case of 
grade 1 dermatitis with a probable causal relationship 
with the treatment. Treatment was discontinued in one 
patient (2%): a case of diabetic ketoacidosis, thrombocyto-
penia, and thrombosis, classified as TRAEs. One throm-
boembolic event led to mortality, and the causal 
relationship to spartalizumab could not be ruled out 
(Supplementary Table S1).

Exploratory analysis

To investigate the contribution of biomarker expression and 
immune cell composition of the tumor microenvironment 
on treatment efficacy, we categorized patients based on PD- 
L1 TPS (Figure 3(a)), PD-L1 CPS, density of CD3, CD4, 
CD8, CD20 (Figure 3a)), PD-1, FOXP3 stained immune 
cells, CD276 tumor staining, and PVR H-score. PD-L1 posi-
tive patients (TPS ≥1%) showed superior prognosis com-
pared to the PD-L1 negative patients (TPS <1%), both in 
terms of PFS (median PFS 33.0 vs 1.4 months, p = 0.0031, 
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Figure 1. Tumor responses. Response was assessed with Response Evaluation Criteria in Solid Tumors version 1.1 by investigators. (a) Waterfall plot of best percentage 
change for target lesions by RECIST v1.1 in all eligible patients. PD-L1 status determined by TPS is indicated as described (yellow/plus: positive, purple/horizontal line: 
negative, gray/X: not evaluated). (b) Spider plot of radiographic response. Tumor responses were measured at regular intervals and values show percent change of sum 
of longest diameters from the baseline measurement of each measurable tumor. Red diamond-shape indicating patients who progressed due to occurrence of new 
lesions. Gray diamond-shape indicating patients who exited the trial due to other reasons than disease progression. (c) Swimmer plot of treatment duration. The gray 
star-shape indicates the time of first response. The arrow indicates patients still on treatment. PD-L1 status determined by TPS is indicated as described (yellow/plus: 
positive, purple/horizontal line: negative, gray/X: not evaluated). TPS, tumor proportion score.

Table 2. Treatment efficacy.

Best response N = 44%)

Partial response 9 (20.5%, 95% CI 8.5–32.4)
Stable disease 16 (36.4%, 95% CI 22.2–50.6)
Progressive disease 19 (43.2%, 95% CI 28.6–57.8)

Objective response rate 9 (20.5%, 95% CI 8.5–32.4)
Disease control rate 25 (56.8%, 95% CI 42.2–71.5)
Median progression free survival, months 3.2 (95% CI 1.3–6.9)
Median overall survival, months 11.2 (95% CI 7.8–17.3)
Median duration of response, months 23.4 (95% CI 4.4–30.2)
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Figure 3(b) top) and OS (median OS unreached vs 7.8  
months, p = 0.0042, Supplementary Fig. S3A). High expres-
sion of PD-L1 based on other cutoff values (TPS 10%, CPS 
1, 10) also showed the same trend despite weak significance 
(Supplementary Fig. S3C-H).

Furthermore, higher infiltration of CD20-positive 
immune cells displayed a trend toward improved prog-
nosis, although statistically insignificant (Figure 3(b) bot-
tom, Supplementary Fig. S3B). This trend aligns with 

a prior study reporting a positive correlation between 
B cell infiltration and clinical benefit to PD-1 targeted 
immunotherapy in advanced ESCC26 and different cancer 
types.27

The ORR of 20.5% and DCR of 56.8% (Figure 3(c) left, 
Table 2) were subjected to further investigation based on 
biomarker expression. PD-L1 positive patients (TPS ≥1%) 
showed improved ORR (50 vs 10%, p = 0.0164, 
Supplementary Fig. S4A) and DCR (100 vs 43%, 
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Figure 2. Kaplan-Meier analysis of survival. (a) Progression-free survival. (b) Overall survival.

Table 3. Adverse events and treatment-related adverse events.

Adverse events Treatment-related adverse events

(n = 44) (n = 44)
Grade 1–2 Grade3 Grade 4 Grade 5 Grade 1–2 Grade3 Grade 4 Grade 5

Overall number of patients 36 (82%) 15 (34%) 2 (5%) 1 (2%) 20 (45%) 4 (9%) 0 (0%) 1 (2%)
Dysphagia 6 (14%) 8 (18%) 0 0 0 0 0 0
Lung infection 8 (18%) 3 (7%) 0 0 0 1 (2%) 0 0
Rash maculo-papular 10 (23%) 0 0 0 9 (20%) 0 0 0
Hypothyroidism 9 (20%) 0 0 0 8 (18%) 0 0 0
Pruritus 9 (20%) 0 0 0 8 (18%) 0 0 0
Fever 5 (11%) 1 (2%) 0 0 0 1 (2%) 0 0
Fatigue 4 (9%) 1 (2%) 0 0 1 (2%) 0 0 0
Abdominal pain 5 (11%) 0 0 0 0 0 0 0
Myalgia 5 (11%) 0 0 0 3 (7%) 0 0 0
Pneumonitis 5 (11%) 0 0 0 5 (11%) 0 0 0
Anemia 3 (7%) 1 (2%) 0 0 0 0 0 0
Esophageal pain 3 (7%) 1 (2%) 0 0 0 0 0 0
Dyspnea 2 (5%) 1 (2%) 0 0 1 (2%) 0 0 0
Pneumothorax 2 (5%) 1 (2%) 0 0 0 0 0 0
Serum amylase increased 2 (5%) 1 (2%) 0 0 1 (2%) 1 (2%) 0 0
Thromboembolic event 0 1 (2%) 0 1 (2%) 0 1 (2%) 0 1 (2%)
Hypercalcemia 0 0 2 (5%) 0 0 0 0 0
Hypoxia 0 2 (5%) 0 0 0 0 0 0
Adrenal insufficiency 1 (2%) 1 (2%) 0 0 1 (2%) 0 0 0
Hyponatremia 1 (2%) 1 (2%) 0 0 0 0 0 0
Acidosis 0 1 (2%) 0 0 0 1 (2%) 0 0
Bullous dermatitis 0 1 (2%) 0 0 0 0 0 0
Hypertension 0 1 (2%) 0 0 0 0 0 0
Portal vein thrombosis 0 1 (2%) 0 0 0 0 0 0
Shingles 0 1 (2%) 0 0 0 0 0 0

Notes: Grade 1 or 2 events seen in ≥ 10% of patients are shown if there were no grade 3 or 4 events but those seen in < 10% are shown if a grade 3 or 4 event was also 
reported. Adverse events were classified with the Common Terminology Criteria for Adverse Events (version 5.0). Treatment-related adverse events were defined as 
adverse events for which a causal relation to spartalizumab could not be ruled out. Some patients had more than one event.
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p = 0.0111, Supplementary Fig. S4A) in comparison to PD- 
L1 negative patients. The PD-L1 positive group with 
CPS ≥ 1 (29%, Supplementary Fig. S4B) and CD20 high 
group (24%, Supplementary Fig. S4C) had a higher ORR 
compared to the complementary group of CPS < 1 (5%, 
p = 0.0524, Supplementary Fig. S4B) and CD20 low group 
(11%, p = 0.3299, Supplementary Fig. S4C).

To further visualize the efficacy of spartalizumab based on 
immune checkpoint ligand expression and immune cell infil-
tration, we categorized patients into four groups:

(1) High expression of PD-L1 (TPS ≥1%) and high density 
of CD20-positive immune cell infiltration (high/high)

(2) High expression of PD-L1 and low density of 
CD20-positive immune cell infiltration (high/low)

(3) Low expression of PD-L1 (TPS <1%) and high density 
of CD20-positive immune cell infiltration (low/high)

(4) Low expression of PD-L1 and low density of CD20- 
positive immune cell infiltration (low/low).

For the four groups, the median PFS values were found to 
be unreached in PD-L1high CD20high, 5.6 months in PD- 
L1high CD20low, 2.7 months in PD-L1low CD20high, and 1.3  
months in PD-L1low CD20low (Figure 3(d)). The median OS 
values were found to be unreached in PD-L1high CD20high, 
21.6 months in PD-L1high CD20low, 9.5 months in PD-L1low 

CD20high, and 7.0 months in PD-L1low CD20low 

(Supplementary Fig. S5A). Similar trends were noticed 
when patients were categorized based on PD-L1 (CPS) 
and CD20-positive immune cell infiltration density 
(Supplementary Fig. S5B, S5C). In terms of ORR and 
DCR, the PD-L1high CD20high group presented higher 
ORR (67 vs 10%, p = 0.0109, Figure 3(c) right) and DCR 
(100 vs 33%, p = 0.0339, Figure 3(d) right) compared to the 
PD-L1low CD20low group.

Additionally, positive staining of CD276 displayed a trend 
toward poor prognosis, although statistically insignificant 
(Supplementary Fig. S6A, S6B). Regarding response rate, the 
two groups had no difference in ORR. However, the CD276 
negative group showed a significantly higher DCR (78%, 
Supplementary Fig. S4D) than the CD276 positive group 
(36%, p = 0.0135, Supplementary Fig. S4D). Once the patients 
were categorized into four groups according to PD-L1 (TPS) 
and CD276 expression, the PD-L1high CD276neg group pre-
sented higher ORR (33 vs 10%, p = 0.2837, Supplementary 
Fig. S4E) and DCR (100 vs 26%, 
p = 0.0137, Supplementary Fig. S4E) compared to the PD- 
L1low CD276pos group. In terms of survival, the PD-L1high 

CD276neg group presented elongated median PFS 
(Supplementary Fig. S7A, S7C) and median OS 
(Supplementary Fig. S7B, S7D) over the PD-L1low CD276pos 

for both PD-L1 (TPS) and PD-L1 (CPS). This trend aligns with 
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prior studies reporting a negative correlation between CD276 
expression and prognosis in non-small cell lung cancer.28,29

Different biomarkers displayed a possibility for predicting 
prognosis. Lower expression of PVR in cancer cells exhibited 
improved survival (Supplementary Fig. S8A, S8B), consistent 
with earlier studies in different cancer types.30,31 Increased 
infiltration of immune cells, irrespective of the biomarker, 
displayed a trend toward an improved prognosis. As earlier 
reports suggest, higher density of PD-1,32 FOXP3,33 CD3,34 

CD4,27 and CD825 positive immune cell infiltration exhibited 
improved efficacy against PD-1 blockade (Supplementary Fig. 
S8C-L). This tendency was repeatedly observed when we com-
pared the density of biomarker-positive immune cells based on 
response (Supplementary Fig. S9). In case of TLS, ten cases 
were identified as TLS-positive. These patients exhibited 
a trend toward improvement in PFS, although OS did not differ 
(Supplementary Fig. S10A-B).

Furthermore, the expression of biomarkers in six patients 
who received treatment for more than 24 months was 
further explored. Excluding one patient without IHC data 
due to lack of FFPE, all five patients had a positive PD-L1 
expression in CPS. Four patients had a positive PD-L1 
expression in TPS (Figure 1(b)), while one patient with 
negative PD-L1 TPS expression exhibited extremely high 
infiltration of CD20-positive immune cells (1885.77 cells/ 
mm2 and was identified as TLS-positive (Supplementary Fig. 
S10C).

Discussion

In this multicenter, single-arm, phase 2 study, spartalizumab 
showed encouraging activity with a manageable safety profile 
in patients with advanced ESCC. Even though more than 30% 
of patients received spartalizumab as their 3rd line regimen, the 
central assessment based on RECIST version 1.1 revealed that 
20.5% had an objective response, 56.8% achieved disease con-
trol, and target lesions decreased in 36.4% of patients. This 
encouraging activity was further underscored by a median 
DOR of 23.4 months in responding patients.

Despite recent advancements, patients with metastatic 
ESCC who progress after receiving first-line platinum-based 
doublet therapy face limited choices and a dismal outlook. 
Before the approval of nivolumab and pembrolizumab, there 
had been no established standard of care after first-line treat-
ment, while taxanes and irinotecan were generally used.35 

Previously, two global trials36,37 have evaluated the activity of 
PD-1 inhibitors in patients previously advanced or metastatic 
ESCC. As a monotherapy, the ORR was 17.2% and 14.3% in 
nivolumab and pembrolizumab, respectively.36,37 In addition, 
the phase III trials resulted in better OS and DOR compared to 
standard cytotoxic chemotherapy.38,39

The ORR of 20.5% and DCR of 56.8% imply that spartali-
zumab has the comparable ability to reduce tumor burden in 
ESCC as other immune checkpoint inhibitors previously 
reported in the palliative 2nd-line setting.36,37 This finding 
adds to the evidence for the efficacy of PD-1 blockade in ESCC.

The prolonged median DOR of 23.4 months in our study is 
comparable to or even superior to the global trials, with the 
KEYNOTE-180 study reporting a median DOR that was not 

reached (range, 1.9 to 14.4 months) and the ATTRACTION-1 
study reporting a median DOR of 11.2 months.40,41 This find-
ing could arise from the relatively high proportion of meta-
chronous patients rather than de novo metastatic patients in 
our study group. Metachronous disease has shown an 
enhanced prognosis compared to de novo metastatic disease 
in different cancer types.42–44 All five patients with prolonged 
response over 18 months had metachronous disease. This 
study demonstrates ten patients who continued treatment for 
more than 12 months, six of whom continued for more than 
24 months. Notably, all five patients, except one without IHC 
data, showed positive expression of PD-L1 in CPS. Excluding 
one without IHC, four of the nine patients who received treat-
ment for more than 12 months had a positive expression of 
PD-L1 in TPS. Additionally, four of the five patients with 
negative PD-L1 TPS exhibited a high CD20-positive immune 
cell infiltration density. These findings suggest that the combi-
nation of PD-L1 expression and CD20-positive immune cell 
infiltration may serve as a marker for treatment response and 
predict durable response.

The toxicity profile was consistent with that reported in 
other cancers, except for one fatal thromboembolic 
event.19,45–48 39% of patients experienced grade 3–5 adverse 
events, of which 9% were TRAEs. Treatment was interrupted 
six times in five patients (11%), with only one case of grade 1 
dermatitis with a probable causal relationship with treatment 
and all others unrelated to treatment. In one case, treatment 
was discontinued due to a thromboembolic event that resulted 
in mortality. The patient had shown an excellent response to 
spartalizumab with an 80% reduction in target lesion, but 
a right ventricular thrombosis occurred that progressed despite 
anticoagulation treatment.

In a first-in-human phase I trial, spartalizumab was evalu-
ated in patients with multiple types of tumors, including sar-
coma, renal cell carcinoma, NSCLC, and melanoma, with one 
case of esophageal cancer.19 The trial assessed the safety and 
preliminary efficacy of spartalizumab in treating these 
advanced solid tumors. The trial results showed that spartali-
zumab was well-tolerated without any major adverse events 
reported. The recommended phase 2 dosing regimens were 
established as 400 mg every four weeks or 300 mg every three 
weeks. Encouragingly, clinical activity was observed in patients 
with melanoma, renal cell carcinoma, and the lone esophageal 
cancer case. Spartically treated responders displayed on- 
treatment increases in PD-L1 expression and CD8+ tumor- 
infiltrating lymphocytes, suggestive of an induced immune 
response. Furthermore, recent investigations highlight the 
potential of spartalizumab in combination with ieramilimab, 
a LAG-3 inhibitor, for treating various advanced solid 
malignancies,49,50 opening avenues for combination therapy.

Studies conducted on ESCC have shown a correlation 
between PD-L1 expression and the efficacy of PD-1 inhi-
bitor therapy, similar to what has been observed in other 
tumor types like NSCLC.51 ESCC patients with higher PD- 
L1 levels tend to respond better to PD-1 blockade thera-
pies, with pembrolizumab showing superior outcomes in 
PD-L1 positive patients compared to those with negative 
PD-L1 expression (ORR: 13.8% versus 6.3%).37 Notably, 
while using pembrolizumab did not yield an overall 
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survival benefit compared to conventional chemotherapy 
in all patients, the most substantial survival benefits were 
seen in patients with a PD-L1 CPS ≥ 10 in the phase III 
trial.39 In case of nivolumab, antitumor activity was 
observed regardless of PD-L1 status, although responses 
were enriched in patients with PD-L1 positive tumors.36 

Nonetheless, greater clinical benefits were observed in 
patients with PD-L1 expression of 1% or more, as opposed 
to those with less than 1% (HR: 0.69 versus 0.84).38 In the 
current study, patients with a PD-L1 TPS of 1% or higher 
exhibited an ORR of 50% and a DCR of 100%, whereas 
patients with a PD-L1 TPS of less than 1% had an ORR of 
10% and a DCR of 43%. Patients with positive or high PD- 
L1 expression had better prognoses regarding both PFS 
and OS than patients with negative or low PD-L1 expres-
sion. However, not all patients with positive or high PD- 
L1 expression responded to spartalizumab, suggesting that 
while PD-L1 expression is an important predictive bio-
marker, it is not the only factor determining response to 
PD-1 inhibitors. Furthermore, the predictive utility of PD- 
L1 CPS regarding treatment response is limited compared 
to PD-L1 TPS.

To further elucidate the potential mechanisms under-
lying the clinical efficacy of spartalizumab in ESCC, we 
selected a panel of markers (CD3, CD4, CD8, CD20, PD-1, 
FOXP3) based on previous literature to comprehensively 
assess the immune microenvironment of ESCC and its 
potential association with response to spartalizumab.52,53 

These markers have been extensively studied in various tumor 
types and have been shown to have prognostic and/or pre-
dictive value in the context of immunotherapy.25–27,54,55 

Our results showed that patients with abundant CD20- 
positive immune cell infiltration were associated with 
improved activity of the PD-1 inhibitors compared to low 
CD20-positive immune cell infiltrating patients, even in 
the low PD-L1 subgroup. The high PD-L1 expression and 
high CD20-positive immune cell infiltrating subgroup dis-
played the best survival outcomes, with the median PFS 
and OS unreached at the time of analysis. Although 
a limited number of patients were categorized into this 
subgroup (n = 3), all patients showed a preeminent 
response and maintained therapy for more than 24 months, 
including two patients continuing spartalizumab treatment 
at the time of data cutoff. Our results align with the 
emerging picture of tumor-infiltrating B lymphocyte’s abil-
ity to form and sustain immunologically hot tumor micro-
environments and promote antitumor immunity.53 Studies 
have demonstrated that an increase in CD20-positive 
B lymphocyte infiltration within the tumors can predict 
the effectiveness of immunotherapy in ESCC and other 
cancers, including breast cancer, melanoma, and head 
and neck squamous cell carcinoma.14,22,27,56 High CD20- 
positive immune cell infiltration in combination with PD- 
L1 expression could act as a predictive biomarker for 
immunotherapy response and selection of subgroups that 
do not develop resistance.

Furthermore, we conducted an in-depth exploration of the 
role of cell surface markers beyond PD-L1 and identified 
a correlation between CD276 expression and tumor 

progression. Our results showed the presence of CD276 
expression in the tumor tissue of ESCC samples, which is 
consistent with previous research.57,58 It is valuable to note 
that positive CD276 expression in patients with low PD-L1 
was associated with lower activity of the PD-1 inhibitors com-
pared to negative CD276 expression. In addition, our findings 
indicate a diminished clinical benefit of spartalizumab in ESCC 
patients exhibiting positive CD276 expression. When com-
bined with PD-L1 expression, patients with low PD-L1 and 
positive CD276 expression had the worst survival compared to 
other subgroups. However, assessing the activity of spartalizu-
mab in patients with high PD-L1 and positive CD276 expres-
sion was challenging due to the limited number of patients in 
this subgroup (n = 3). CD276, also known as B7-H3, is 
a member of the B7 family, which has been recognized for its 
potential therapeutic impact on malignancies due to its crucial 
role in controlling the T-cell immune response.57 CD276 was 
first introduced in 2001 and is essential for cell motility, inva-
sion, and proliferation in cancer. Its expression has been linked 
to poor survival in various types of cancer and may be 
a promising therapeutic target for malignant tumors.59,60 Our 
data suggest that the therapeutic activity of PD-1 blockade is 
relatively limited in high CD276-expressing tumors in ESCC 
and that a dual blockade of PD-1 and CD276 may be 
a promising therapeutic approach. Currently, targeted CD276 
inhibitors including monoclonal antibodies and radioimmu-
notherapy, are showing promising preliminary clinical 
results.61 Enoblituzumab, a monoclonal antibody targeting 
CD276, is being tested in clinical trials alongside anti-PD-1 
therapy.62 Additionally. omburtamab, a radiolabeled monoclo-
nal antibody aimed at CD276, is under investigation for 
intrathecal use in treating neurological cancers.63

Immunotherapy has emerged as a promising treatment 
option for various cancers and has demonstrated efficacy in 
improving long-term survival in a subset of patients. While 
traditional clinical trials have used ORR as the primary end-
point to evaluate the efficacy of immunotherapy, it is increas-
ingly recognized that the percentage of long-term responders 
may be a more clinically meaningful measure of efficacy.64 

While ORR can provide valuable information regarding the 
initial tumor response to therapy, it may not accurately reflect 
the long-term benefits of treatment. The percentage of long- 
term responders measures the proportion of patients who 
achieve a durable response to immunotherapy, defined as 
a response lasting for a specified period (usually at least six or 
12 months). This measure considers that some patients may 
initially progress or experience stable disease but ultimately 
achieve a durable response and long-term survival. Durable 
responses may persist for many years and thus are an essential 
measure of efficacy in immunotherapy.

In recent years, immunotherapy has exhibited promising 
outcomes as part of the treatment armamentarium of 
ESCC.65,66 The United States Food and Drug Administration 
(US FDA) has approved anti-PD-1 therapy combined with 
chemotherapy as the first-line treatment of patients with 
advanced or metastatic ESCC.67 Pembrolizumab and nivolu-
mab in combination with chemotherapy have shown superior 
survival benefits over chemotherapy alone for treatment-naïve 
patients with advanced or metastatic ESCC.17,18 Several trials 
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are currently ongoing to assess the efficacy of immunotherapy 
in ESCC, including neoadjuvant or adjuvant therapy as well as 
palliative therapy.6,68 The encouraging results of our trial con-
tribute to the increasing body of evidence regarding the efficacy 
and limitation of anti-PD1 monotherapy in ESCC and high-
light the potential for combining spartalizumab with che-
motherapy or other immune-modulating drugs in various 
therapeutic settings for ESCC.

This study has several potential limitations. Firstly, the pre-
sent study is a single-arm trial, lacking a comparator group, 
which poses a significant challenge in evaluating the efficacy of 
spartalizumab in advanced ESCC patients. Secondly, since the 
present study was conducted at multiple centers within 
a single country, it limits the ability to assess the efficacy of 
the treatment in different ethnic populations. Moreover, the 
limited number of subgroups evaluated in the study makes it 
difficult to generalize the findings and conclude that patients 
with high PD-L1 expression and CD20-positive immune cell 
infiltration respond well to spartalizumab. In addition, we 
acknowledge that our IHC-based methodology has inherent 
limitations in capturing the full complexity of the immune 
landscape and the determinants of immunotherapy response. 
In particular, our study did not assess global gene expression 
profiles, utilize advanced imaging techniques, or evaluate 
well-established predictive signatures such as the interferon- 
gamma response signature.69 The incorporation of these 
complementary approaches in future studies could provide 
valuable additional insights into the mechanisms of action of 
spartalizumab and help to refine our understanding of the key 
immunological drivers of response and resistance. Despite 
these limitations, we believe that our study provides impor-
tant proof-of-concept for the efficacy and safety of spartali-
zumab in advanced ESCC and lays the foundation for future 
biomarker-driven trials. By integrating our findings with 
those of other ongoing studies and leveraging cutting-edge 
translational research techniques, we hope to accelerate the 
development of personalized immunotherapy strategies that 
can improve outcomes for patients with this challenging 
disease.

In conclusion, spartalizumab has demonstrated promising 
efficacy with a favorable DOR and a manageable safety profile. 
Our findings provide preliminary evidence of a potential new 
treatment option for patients with refractory ESCC.
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