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ABSTRACT
Patients with locally advanced esophageal squamous cell carcinoma (ESCC) show poor survival after 
concurrent chemoradiotherapy. This study investigated the safety and feasibility of combining concurrent 
chemoradiotherapy with the anti-PD-1 antibody camrelizumab as first-line treatment for these patients. In 
this phase 1b study (ClinicalTrials.gov NCT03671265), patients received concurrent chemotherapy (cis
platin [25 mg/m2] plus docetaxel [25 mg/m2] for 4 weeks) and radiotherapy (2.0 Gy/fraction, total 60 Gy) 
with camrelizumab (200 mg every 2 weeks for 32 weeks). Primary endpoints were safety and tolerability, 
and health-related quality of life. Secondary endpoints were radiological and pathological response rates, 
overall survival (OS), and progression-free survival (PFS). Candidate biomarkers in tumor and peripheral 
blood were monitored at baseline and after 40 Gy radiation. Twenty patients were enrolled. The most 
common treatment-related grade 3 adverse events included radiation esophagitis (20%) and esophageal 
fistula (10%). Serious treatment-related adverse events occurred in eight (40%) patients. No treatment- 
related deaths were reported. Health-related quality of life did not deteriorate. Thirteen (65%) patients 
had an objective response after 40 Gy radiation. At a median follow-up of 23.7 months (95% CI 21.9–24.5), 
OS and PFS time ranged from 8.2–28.5 and 4.0–28.5 months, respectively. The 12-month and 24-month 
OS rate was 85.0% and 69.6%; PFS rate was 80.0% and 65.0%. Tumor PD-L1 expression and CD11c+ 

dendritic cells and peripheral-blood IL-27, IL-15, Eotaxin-3, and IL-22 were associated with OS. First-line 
concurrent chemoradiotherapy plus camrelizumab had a manageable safety profile and promising 
antitumour efficacy for ESCC, and deserves further study.
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Introduction

Esophageal cancer was the seventh most common and sixth 
most deadly form of cancer worldwide in 20181. The preva
lence of esophageal squamous cell carcinoma (ESCC) in China 
was 477 900 in 2015, placing ESCC among the six most com
mon cancers in China.2 Definitive radiotherapy concurrent 
with cisplatin plus fluorouracil is the standard care for unre
sectable, locally advanced esophageal cancer based on the 
results of the Radiation Therapy Oncology Group (RTOG) 
85–01 trial.3 Subsequent studies attempted to improve treat
ment outcome by optimizing the chemoradiotherapy regimen4 

and adding a novel agent, the anti-epidermal growth factor 
receptor (EGFR) antibody cetuximab, to systemic therapies.5 

However, the results were not satisfactory.4,5

Inhibitors of programmed cell-death protein 1 (PD-1) and 
programmed death-ligand 1 (PD-L1) block PD-1/PD-L1 signal
ing, thus reversing T cell suppression and enhancing antitumour 
immune response.6 PD-1 blockade yields promising results in 
advanced/metastatic ESCC. The phase 3 ATTRACTION-3 
study showed that nivolumab improved survival compared 
with chemotherapy.7 Pembrolizumab prolonged overall survival 
versus chemotherapy in patients with a PD-L1 combined 
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positive score (CPS) ≥10.8 Camrelizumab (SHR-1210) is 
a selective, humanized, high-affinity IgG4-kappa PD-1 mono
clonal antibody that has exhibited encouraging antitumour 
activity for multiple solid tumors.9–11 The phase 3 ESCORT 
study undertaken in China showed that camrelizumab 
significantly improved overall survival compared with 
chemotherapy.12

Chemoradiotherapy promotes antitumour immune 
response; meanwhile, expression of immune checkpoints is 
also upregulated as a negative feedback mechanism.13 The 
new tumor microenvironment created by chemoradiother
apy may increase the sensitivity to immunotherapy. In the 
KEYNOTE-590 phase 3 study, first-line pembrolizumab plus 
chemotherapy versus chemotherapy significantly improved 
survival in patients with locally advanced esophageal 
cancer.14 And our recent phase 1b study of first-line camre
lizumab concurrently combined with radiotherapy indicated 
manageable toxicity and antitumour efficacy for locally 
advanced ESCC.15 Here, we performed a phase 1b study to 
assess the safety and feasibility of first-line camrelizumab 
concurrent with chemoradiotherapy in locally advanced 
ESCC. Prognostic biomarkers in tumor tissues and periph
eral blood were also explored.

Methods

Study design and participants

We performed a single-arm, single-center, investigator- 
initiated, exploratory, phase 1b clinical study (ClinicalTrials. 
gov NCT03671265) at Tianjin Medical University Cancer 
Institute & Hospital in Tianjin, China.

Eligible patients were aged 18–75 years and had locally 
advanced ESCC confirmed by pathological and imaging diag
nosis (T3-4 N0M0 or T1-4N+M0, stage I–IVa according to 
the 8th [2017] edition of the American Joint Committee on 
Cancer staging system). No patients had received prior anti
tumour treatment and were amenable to surgery. Other key 
inclusion criteria were evaluable lesions per Response 
Evaluation Criteria in Solid Tumors (RECIST), version 1.1; 
an Eastern Cooperative Oncology Group performance status 
score of 0 or 1; life expectancy of at least 6 months; normal 
bone marrow reserve and blood cell counts; normal renal 
function; and normal liver function. Key exclusion criteria 
were any active autoimmune diseases or a history of auto
immune diseases; ongoing systemic immunosuppressive ther
apy; abnormal heart disease; pulmonary fibrosis, interstitial 
pneumonitis, pneumoconiosis, radiation pneumonitis, drug- 
associated pneumonitis, and severely impaired lung function; 
congenital or acquired immunodeficiency; and clinically sig
nificant concurrent cancer. The protocol (Supplement 1) was 
approved by the institutional review board at Tianjin Medical 
University Cancer Institute & Hospital (E2018142). All 
patients were discussed by the multidisciplinary team 
(MDT) in our hospital before included. All patients provided 
written informed consent before study participation. This 
study followed the Consolidated Standards of Reporting 
Trials (CONSORT, Figure S1 in supplement 2) reporting 
guideline.

Procedures

Camrelizumab was delivered concurrently with radiotherapy 
for 6 weeks, and with chemotherapy for 4 weeks. 
Camrelizumab was given intravenously over 30 minutes at 
a dose of 200 mg on day 1 of every 2-week period from the 
beginning of radiotherapy up to 32 weeks, based on previous 
data;16,17 cisplatin (25 mg/m2) plus docetaxel (25 mg/m2) 
were given intravenously on days 1, 8, 15, and 22 of camre
lizumab treatment; apatinib (250 mg/d) was administrated 
orally once a day for five consecutive days per week from 
the week 11 to the end of camrelizumab treatment; and 
radiotherapy was delivered as volumetric arc intensity- 
modulated radiotherapy with a simultaneous integrated 
boost, until disease progression, death, unacceptable toxicity, 
withdrawal of consent, or investigator decision. The radio
therapy was given according to Chinese treatment guidelines 
for esophageal carcinoma,4,18 and was prescribed to cover 
95% of the planning gross tumor volume (PGTV), given at 
2.0 Gy per fraction, five fractions per week, to a total of 60 Gy 
over 6 weeks. The dose prescribed to cover 95% of the plan
ning target volume (PTV) was 1.8 Gy per fraction, five frac
tions per week, for a total of 54 Gy over 6 weeks. Target 
volumes were as described previously (Methods in 
Supplement 2).19

Patients received cervical, thoracic, and upper-abdomen 
CT scans and upper gastrointestinal radiography at base
line, every 8 weeks during treatment, and every 12 weeks 
after treatment until disease progression. All patients 
underwent endoscopic ultrasonography, the standard clin
ical practice for potential tumor biopsy, at baseline and 
after 40 Gy radiation20 (ie, at the end of 4 weeks of 
radiotherapy) in order to confirm pathological response 
rates and perform exploration tests. Disease progression 
in this study was defined as local regional recurrence or 
distant metastasis. Laboratory tests included hematology, 
biochemistry, urinalysis, liver/kidney function, and immu
nological and hormone tests.

Health-related quality of life was assessed using European 
Organization for Research and Treatment of Cancer (EORTC) 
quality of life questionnaire-core 30 (QLQ -C30) and EORTC 
QLQ-OES18 scales, at baseline and every 2 weeks till the last 
dose (Methods in Supplement 2).

Baseline tumor specimens were sequenced by 
FoundationOne CDx (F1CDx) and U.S. Food & Drug 
Administration–approved 324-gene panel assay conducted by 
DIAN (Hangzhou Lab, China) with licensed technologies, to 
detect base substitutions, short insertions and deletions, focal 
gene amplification and homozygous deletions, and select gene 
fusions and biomarkers (tumor mutation burden [TMB] and 
microsatellite status).21

The tumor-immune microenvironment at baseline and during 
treatment (after 40 Gy radiation) was identified by multicolor 
immunofluorescence to quantify CD4+ and CD8+ T cells, 
CD11c+ dendritic cells, CD68+ macrophages, the immunosup
pressive receptor PD-1 and its ligand PD-L1, and tumor cells 
labeled with pan-keratin. PD-L1 expression, evaluated by tumor 
proportion score (PD-L1–positive tumor cells/total tumor cells 
× 100%).
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T, B and natural killer (NK) cells in peripheral blood were 
assessed by flow cytometry at baseline and during treatment 
(after 40 Gy radiation). Thirty-four circulating cytokines 
involved in chemotaxis, inflammation, immune regulation, 
and Th-17 cytokines, such as IP-10/CXCL10, interferon-γ, 
interleukin (IL)-27, IL-15, Eotaxin-3, and IL-22, were mea
sured using an electrochemiluminescence assay (Meso Scale 
Discovery, Rockville, MD, USA) according to the manufac
turer’s instructions. The details of methods were described in 
Supplement 2. Samples that were available are shown in Table 
S1 in Supplement 2.

Study End Points

The primary endpoints were safety and tolerability, and health- 
related quality of life (as measured by EORTC QLQ-C30 and 
EORTC QLQ-OES18). Adverse events and serious adverse 
events were assessed and graded according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.03. Secondary endpoints were radiological 
and pathological responses, scored according to RECIST 1.1 
by individual clinicians. Outcome measures included objective 
response rate, overall survival (OS), and progression-free sur
vival (PFS). A major pathological response was defined as 
<10% viable residual tumor cells22 on a deep biopsy collected 
from the tumor primary site where residual tumor cells were 
most likely located guided by the endoscopic ultrasound image 
after 40 Gy radiation.

Exploratory End Points

Exploratory analyses included the associations between the 
efficacy of this combination therapy and PD-L1 expression, 
immune microenvironment, TMB and microsatellite status in 
tumor tissues, and lymphocytes and cytokines in peripheral 
blood.

Statistical analysis

Data were analyzed from August 11, 2018 to January 31, 2021. 
OS and PFS were assessed by the Kaplan–Meier method. 
Differences in survival were compared with log-rank tests for 
all baseline and on-treatment biomarkers. Statistical signifi
cance between groups was compared using non-parametric 
two-sided Mann-Whitney U tests for two independent sam
ples. The SPSS (v.21.0; STATA, College Station, TX, USA) or 
SAS 9.4 (SAS Institute, Inc., Cary, NC, USA) were used for all 
analyses. All reported p values were two-sided, and the signifi
cance level was set at 0.05 (Methods in Supplement 2).

Results

Between August 11, 2018 and May 17, 2019, 20 treatment-naïve 
patients with locally advanced ESCC were enrolled. One patient 
was at stage I (T1bN1M0), and 19 (95%) patients were at stage 
III–IVa. Although one patient was at stage I according to AJCC 
8th stage and stage IIb according to AJCC 6th stage, he had 
been approved by MDT and was included. Because his tumor 
was located in the upper thoracic segment with a 5.2 cm length, 

and total laryngectomy was required if receiving surgery. All the 
patients received camrelizumab plus chemoradiotherapy 
(Table 1). By January 31, 2021, the median follow-up duration 
was 23.7 months (95% confidence interval [CI] 21.9–25.4) and 
six (30%) patients had died.

All patients received ≥52 Gy radiation. Of these, 14 (70%) 
completed the 60 Gy radiotherapy regimen; two (10%) refused 
radiotherapy after 54 and 58 Gy radiation, respectively; three 
(15%) were intolerant after 56 Gy radiation; and one (5%) was 
intolerant after 52 Gy radiation. Seventeen (85%) patients 
completed full cycles of camrelizumab. Three (15%) patients 
discontinued camrelizumab, two (10%) for progressive disease 
after 20 and 24 weeks, respectively, and one (5%) for esopha
geal fistula after 28 weeks. Ten (50%) patients completed all 
cisplatin plus docetaxel cycles. Ten (50%) patients completed 
3 weeks of cisplatin plus docetaxel. Eleven (55%) patients 
completed full cycles of apatinib. Eight (40%) patients discon
tinued apatinib, three (15%) for progressive disease and five 
(25%) for intolerance. One (5%) patient did not receive apati
nib treatment because of hypertension and cardiac stent 
implantation (Table S2 in Supplement 2).

All 20 patients were included in the safety analysis. All 
patients experienced some form of treatment-related adverse 
events (Table 2). Grade 3 adverse events occurred in nine 
(45%) patients, and no grade 4 or 5 adverse events were 
observed. Grade 3 radiation esophagitis occurred in four 
(20%) patients. Other grade 3 adverse events included esopha
geal fistula, pain, and decreased white blood cell count, each in 
two (10%) patients, and fatigue and cough, each in one (5%) 
patient. No patients died during treatment.

Serious treatment-related adverse events occurred in eight 
(40%) patients, including radiation esophagitis in four (20%) 
patients, and esophageal fistula, radiation pneumonitis, and 

Table 1. Baseline patient characteristics.

Characteristic Data (n = 20)

Age, median (range), y 64 (56–74)
Sex
Male 18 (90)
Female 2 (10)
ECOG performance status score
0 16 (80)
1 4 (20)
Smoking status
Never 7 (35)
Former or current 13 (65)
Drinking status
Never 6 (30)
Former or current 14 (56)
Location
Cervical segment 2 (10)
Upper thoracic segment 7 (35)
Middle thoracic segment 8 (40)
Inferior thoracic segment 3 (15)
AJCC8a disease stage
I 1 (5)
III 6 (30)
IV 13 (65)
AJCC6b disease stage
IIb 2 (10)
III 13 (65)
IVa 5 (25)

Data are n (%), unless otherwise specified. a8th (2017) version of the AJCC Staging 
Manual. b6th (2002) version of the AJCC Staging Manual. AJCC = American Joint 
Committee on Cancer. ECOG = Eastern Cooperative Oncology Group.
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pulmonary infection each in two (10%) patients (Table S3 in 
Supplement 2). Both the two patients received gastrostomy 
after esophageal fistula occurred. One patient developed eso
phageal fistula 6.1 months later after completion of radiother
apy, and died of a pulmonary infection 9.4 months after the 
esophageal fistula occurred (Figure S2 in Supplement 2). The 
other patient experienced esophageal fistula 4.3 months later 
after radiotherapy started (Figure S3 in Supplement 2). The OS 
time of these two patients was 15.5 and 21.8 months, indivi
dually. And the latter patient was still alive 17.5 months after 
the esophageal fistula at the follow-up cutoff time.

Immune-related adverse events occurred in 11 (55%) 
patients. The most common immune-related adverse events 
were reactive capillary endothelial proliferation in 10 (50%) 
patients, and hypothyroidism in three (15%) patients, all in 
grade 1. Other immune-related adverse events, such as enter
itis, diarrhoea/colitis, hepatitis, nephritis, hypophysitis, and 
diabetes, were not observed.

Late adverse events (more than 6 months after radiother
apy) occurred in five (25%) patients. Of these, one (5%) experi
enced grade 2 esophageal stenosis, two (10%) experienced 
grade 1 pulmonary fibrosis, one (5%) experienced grade 1 peri
cardial effusion, and one (5%) experienced grade 1 pulmonary 
fibrosis accompanied by grade 1 pericardial effusion.

All 20 patients were included in the response analysis. 
Objective response rate evaluated after 40 Gy radiation showed 
two (10%) complete responses, 11 (55%) partial responses, and 
seven (35%) cases of stable disease (Table S4 in Supplement 2). 
Of 17 patients evaluable for pathological response by endo
scopic biopsy after 40 Gy radiation, 14 (70%) were without 
residual tumors, two (10%) with <10% residual tumors, and 
two (10%) with ≥ 10% residual tumors (Table S4 in 
Supplement 2). Treatment effects were maintained in 14 

(70%) patients at the cutoff date. Median duration of response 
was 21.13 months (95% CI 18.77–23.48). Tumor recurrence 
occurred in six (30%) patients, including one (5%) local regio
nal failure, three (15%) cases of distant metastasis, and two 
(10%) cases of concurrent regional failure and distant metas
tasis (Table S5 in Supplement 2). The median time to recur
rence was 8.25 months (95% CI 4.68–11.82).

The OS and PFS time ranged from 8.2–28.5 and 4.9– 
28.5 months, respectively (Figure 1a). Neither median OS nor 
median PFS were available at the cutoff date. The 12-month 
and 24-month OS rates were 85.0% and 69.6%, respectively 
(Figure 1b). The 12-month and 24-month PFS rates were 
80.0% and 65.0%, respectively (Figure 1c).

EORTC QLQ-C30 completion and compliance were close 
to or greater than 80% from baseline to week 27 (Table S6 in 
Supplement 2). EORTC QLQ-OES18 completion and compli
ance were almost identical to those observed for the EORTC 
QLQ-C30 (Table S6 in Supplement 2). Relative to baseline, 
mean global health status/quality-of-life score increased at 
week 3, then decreased to the lowest value at week 5. 
Subsequently, it increased and was maintained above 5 after 
week 13 except for a slight drop between weeks 15 and 17 
(Figure 2a and Supplement 3). EORTC QLQ-C30 functioning 
and most symptom domain scores were observed to be lowest 
between weeks 5 and 7 (Supplement 3 and Figure 2b and c). At 
week 19, most functioning symptom domains appeared better 
than at baseline. In particular, improvement was observed in 
the emotional functioning, social functioning, constipation 
symptom, and financial difficulties symptom domains at week 
19 (improvement in functioning was defined as a 10-point or 
greater increase from baseline; symptom improvement was 
defined as a 10-point or greater decrease from baseline; 
Figure 2b and c). Improved EORTC QLQ-OES18 functioning 

Table 2. Treatment-related adverse events.

Treatment-related adverse events All Grade 1 Grade 2 Grade 3 Grade 4

Any treatment-related adverse event 20 (100) 2 (10) 9 (45) 9 (45) 0
Pain 19 (95) 10 (50) 7 (35) 2 (10) 0
Decreased albumin 18 (90) 13 (65) 5 (25) 0 0
WBC count decreased 18 (90) 7 (35) 9 (45) 2 (10) 0
Radiation esophagitis 17 (85) 4 (20) 9 (45) 4 (20) 0
Anemia 15 (75) 13 (65) 2 (10) 0 0
Decreased appetite 15 (75) 11 (55) 4 (20) 0 0
Reactive capillary hemangiomas 10 (50) 10 (50) 0 0 0
Weight loss 10 (50) 10 (50) 0 0 0
Fatigue 10 (50) 8 (40) 1 (5) 1 (5) 0
Neutrophilic granulopenia 9 (45) 4 (20) 5 (25) 0 0
Increased bilirubin 7 (35) 7 (35) 0 0 0
Thrombocytopenia 7 (35) 6 (30) 1 (5) 0 0
Cough 7 (35) 2 (10) 4 (20) 1 (5) 0
Fever 5 (25) 4 (20) 1 (5) 0 0
Nausea 4 (20) 4 (20) 0 0 0
BUN abnormal 4 (20) 4 (20) 0 0 0
Increased ALT 3 (15) 3 (15) 0 0 0
Hypothyroidism 3 (15) 3 (15) 0 0 0
Radiation dermatitis 3 (15) 2 (10) 1 (5) 0 0
Radiation pneumonia 3 (15) 1 (5) 2 (10) 0 0
CRE abnormal 2 (10) 2 (10) 0 0 0
Febrile neutropenia 2 (10) 2 (10) 0 0 0
Hypertension 2 (10) 2 (10) 0 0 0
Lung infection 2 (10) 0 2 (10) 0 0
Esophageal fistula 2 (10) 0 0 2 (10) 0
Allergy 1 (5) 1 (5) 0 0 0

Data are n (%), unless otherwise specified. ALT = alanine aminotransferase. BUN = blood urea nitrogen. CRE = creatinine. WBC = white blood cell.
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and symptom domains were also observed during treatment. 
Dysphagia, choking, and trouble swallowing saliva were 
improved at weeks 7, 9, and 13, respectively (Supplement 3 
and Figure 2d). Other EORTC QLQ-OES18 symptoms 
remained relatively stable from treatment start up to week 33 
(Supplement 3 and Figure 2d).

We applied multi-color immunofluorescence to dynami
cally monitor the tumor immune microenvironment 
(Figure 3a and b). Of the 18 patients who were assessed for 
baseline PD-L1 expression, 8 (44%) had PD-L1-positive 

tumors using a cutoff value of 7.613%. High baseline tumor 
PD-L1 expression tended to be associated with longer OS 
(Figure 3c). Radiation could convert the tumor into an in situ 
vaccine, promoting cross-presentation of tumor-derived anti
gens by dendritic cells to T cells.23 And macrophages pro
grammed by radiotherapy might exhibit double activity to anti- 
tumor effect.24 Both dendritic cells and macrophages partially 
contributed to the expression of PD-L1 except tumor cells. As 
a result, we identified dendritic cells and macrophages in the 
tumor microenvironment before and during treatment. We 

Figure 1. Duration of response and survival. (A) Duration of response. (B) Kaplan–Meier plot of overall survival. (C) Kaplan–Meier plot of progression-free survival. PD-L1 
= programmed cell-death protein 1. CR = complete response. PR = partial response. SD = stable disease. Pt = patient.
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found high baseline levels of tumor CD11+ dendritic cells were 
related to improved OS (Figure 3d). None of immune-cell 
subsets during treatment was associated with patient survival.

Because systematic immune response could reflect the local 
anti-tumor immune activity during immunotherapy.25,26 And 
radiotherapy could translate tumors from “cold” to “hot”, 
where the inflammatory response was robustly induced.27 We 
evaluated the levels of immune-related cytokines in baseline 
and on-treatment peripheral blood from all the 20 patients. 
The peripheral cytokines detected here included chemotaxis, 
inflammation, immune regulation, and Th-17 cytokines, which 
have been reported to be closely associated with tumor inflam
matory microenvironment.28–30 We found both baseline and 
on-treatment IL-27 levels, and high baseline IL-15 levels in 
peripheral blood were associated with better OS (Figure 4a- 
c). While a high level of baseline Eotaxin-3, and a high level of 
on-treatment IL-22 correlated with worse OS (Figure D and E). 
The other cytokines were not related with survival. We also 
performed a FoundationOne CDx assay in 14 baseline tumors. 
The result showed all baseline tumors were microsatellite 
stable. The mutation count per tumor ranged from 1 to 29, 
with a median of 6 mutations/Mb. There was no association 
between TMB and survival. While, patients with amplification 
of any of the three genes, CCND1, FGF19, or FGF4, had 

borderline significantly different OS compared with those 
with normal expression (figure 4f). We did not find the asso
ciation of peripheral T, B, and NK cells with survival.

Discussion

To our knowledge, this phase 1b trial is the first to study the 
safety and feasibility of camrelizumab combined with concur
rent chemotherapy as first-line treatment in patients with local 
advanced ESCC. Our findings showed that the toxicity was well 
tolerated and the risk of deterioration in quality of life did not 
increase. The 24-month OS rate was 69.6%, which was higher 
than with trials with concurrent chemoradiotherapy without 
immunotherapy.4,5,31

Chen et al.’s phase 3 study of concurrent chemoradiother
apy with a cisplatin-fluorouracil regimen in 219 patients with 
ESCC (all Chinese) showed the 24-month OS rate was 61.5%.4 

A 44.0% 24-month OS rate was reported in the phase 3 NRG 
Oncology RTOG 0436 trial (38.1% ESCC vs 61.9% esophageal 
adenocarcinoma).5 The local regional failure was 34.2%4 and 
48.8%5 in these two studies. In the present report, median OS 
and PFS were not available at the data cutoff (23.7 months 
median follow-up time). However, our findings showed the 24- 
month OS rate was 69.6% and local regional failure was 15.0%. 

Figure 2. Changes from baseline in EORTC QLQ-C30 and QLQ-OES18. (A) Changes from baseline in QLQ-C30 global health status/quality of life; QLQ-C30 functioning 
scales (B), QLQ-C30 symptom scales (C), and QLQ-OES18 functioning and symptom scales (D) at weeks 7 and 19. EORTC = European Organization for Research and 
Treatment of Cancer. Mean change from baseline in Quality of Life Questionnaire-Core 30 (QLQ-C30) global health status (GHS) by visit. Data are shown as mean score 
changes (95%CIs). A higher score in the functional domains and global health status means better functional status and better QoL. A higher score in the symptom 
domains indicates more severe symptoms or problems (worse QoL). QLQ-C30 = Quality of Life Questionnaire Core 30. QLQ-OES18 = Quality of Life Questionnaire 
Module 18 in Esophageal Cancer. GHS = global health status. QoL = quality of life.
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Although we acknowledge the limitations of cross-trial com
parisons, the addition of anti-PD-1 to concurrent chemora
diotherapy may probably improve survival and decrease 
recurrence compared with concurrent chemoradiotherapy.

The toxicity profile was similar to previous reports of either 
modality given alone in patients with advanced ESCC.4,5,12,17,31 

All adverse events were no more than grade 3 and manageable. 
The incidence of radiation pneumonitis did not increase in our 
study compared with concurrent chemoradiotherapy (10% vs 
9.6–20.3% in grade 2; 0% vs 1.8–7.4% in grade 3).4,5,31 The two 
patients who developed esophageal fistula both had T4 stage 
tumors, and one tumor was an ulcerative type (Figure S2 and 3 

in Supplement 2). The incidence of esophageal fistula was 10% 
(2/20) in our study, which accounted for 20% in all 10 patients 
with T4 tumors. T4 stage and ulcerative ESCC were risk factors 
associated with esophageal fistula.32,33 High esophageal fistula 
rates of 22% (31/140),34 24% (28/116)35 and 30.1% (41/136)36 

were reported in patients with ESCC and receiving definitive 
chemoradiotherapy, which accounted for 76%,34 100%35 and 
100%36 in all patients with T4 or T4b tumors, individually. 
Relative low rate of 10.38% (22/212) was also reported in ESCC 
patients who received definitive chemoradiotherapy, which 
accounted for 15.09% in T4 patients.37 Combined chemora
diotherapy and anti-PD-1 antibody did not increased the 

Figure 3. Tumor biomarkers associated with survival. (A) Results of hematoxylin and eosin staining (left), and multi-color immunofluorescence (middle and right) of 
serial tissue section from patient 19.(B) Changes of tumor immune microenvironment after 40 Gy radiation. Kaplan–Meier plot of overall survival in patients with (C) 
a baseline PD-L1 ≥ 7.613%; (D) baseline tumor-infiltrated CD11+ dendritic cells ≥2.987%. PD-L1 = programmed cell-death protein 1.
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occurrence of esophageal fistula (10% vs 5–24%).32 We found 
more frequent radiation esophagitis compared with concurrent 
chemoradiotherapy (40% vs 16.9–32.7% in grade 2; 20% vs 3.2– 
5.6% in grade 3),4,5,31 which might be due to the relatively 
higher radiation dose per fraction (2 Gy vs 1.8 Gy),4,5,31 total 
radiation dose (60 Gy vs 54 Gy), 5,31 and incorporation of the 
anti-PD-1 antibody in the present trial.

Reactive capillary endothelial proliferation was the most 
common immune-related adverse event reported in camreli
zumab monotherapy (75–79%).12,17 In our recent phase 1b 
study of camrelizumab combined with radiotherapy in locally 
advanced ESCC, it was observed in 89% (17/19) patients (79% 
[15/19] grade 1, 10% [2/19] grade 2).15 Apatinib independently 
developed in China is an oral small-molecule tyrosine kinase 
inhibitor that selectively binds to and inhibits vascular 

endothelial growth factor receptor 2, with a decrease in VEGF- 
mediated endothelial cell migration, proliferation, and tumor 
microvascular density. Apatinib has been approved for use in 
gastric adenocarcinoma or gastroesophageal junction in 
China.38 The latest phase 2 study of camrelizumab plus apati
nib and chemotherapy in advanced ESCC reported the inci
dence of reactive capillary hemangiomas at 60% (18/30) and 
high objective response rate at 80%.39 In the present study, we 
added apatinib during the maintenance treatment of camreli
zumab originally to decrease the occurrence of reactive capil
lary endothelial proliferation. The result showed reactive 
capillary endothelial proliferation occurred in a much lower 
frequency (50%, [10/20]), and was all in grade 1 without special 
treatment. These results suggest that combining camrelizumab 
with apatinib could inhibit reactive cutaneous capillary 

Figure 4. Gene amplification and peripheral cytokines associated with survival. Kaplan-Meier plot of overall survival in patients with a baseline IL-27 ≥ 919.090 pg/mL 
(A), an on-treatment IL-27 ≥ 1037.75 pg/mL (B), a baseline IL-15 ≥ 2.87 pg/mL (C), a baseline Eotaxin-3 ≥ 22.55 pg/mL (D), an on-treatment IL-22 ≥ 1.015 pg/mL in 
peripheral blood (E), and CCND1/FGF19/FGF4 gene amplification in tumor tissues (F).
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endothelial proliferation. We also found noninfectious pneu
monia and dermatitis occurred in three (15%) patients each. 
However, it was hard to determine whether these resulted from 
activated immune response or radiotherapy.

Camrelizumab reduces the risk of deterioration in quality 
of life compared with chemotherapy in the second-line 
setting.12 In our studies, we found that the risk of deteriora
tion in quality of life does not increase when adding camre
lizumab to chemoradiotherapy compared with 
chemoradiotherapy alone.40,41 Similar to the previous reports 
in esophageal cancer12,42 and non-small cell lung cancer,43–45 

large variations were observed in each domain. These varia
tions were partially associated with limited sample size, and 
most probably resulted from large individual differences in 
the quality of life measures. However, we could find the 
obvious tendency that quality of life deteriorated most after 
chemoradiotherapy, and then improved during camrelizu
mab-continued treatment, indicating chemoradiotherapy 
may have played a more important role in deterioration in 
quality of life than camrelizumab. Because of the single-arm 
design of our study, we could not eliminate the contribution 
of gradual recovery after chemoradiotherapy. We will further 
focus on the health-related quality of life in ESCC patients 
receiving the combination therapy of radiotherapy and 
immunotherapy in the future studies.

The increased PD-L1 expression and CD11c+-cell infil
tration, and decreased PD-1 expression, in tumors during 
treatment suggested that anti-PD-1 combined with chemor
adiotherapy could harmonize the tumor-immune microen
vironment. It was probably this combination treatment not 
only reactivated antitumour immune response, but also 
promoted T-cell priming by inducing tumor antigen pre
sentation. Patients with high PD-L1 expression tended to 
have longer survival, although this did not become 
a statistically significant difference. In the KEYNOTE-181 
study, patients with high PD-L1 expression (PD-L1 CPS 
≥10) had better survival after pembrolizumab versus 
chemotherapy.8 In the ESCORT study, high tumor PD-L1 
expression (PD-L1 ≥ 1%) was associated with improved 
survival in camrelizumab subgroup compared with che
motherapy subgroup.12 In the ATRACTION-3 study, 
patients benefit more from nivolumab than chemotherapy 
irrespective of PD-L1 expression.7 The PD-L1 threshold 
here was 7.613% by using fluorescent staining. The different 
cutoff value of positive PD-L1 expression in these studies 
indicates that different anti-PD-1 antibodies (22C3, 6E8 or 
E1L3N), testing methods and treatment regimens might 
influence the correlation of PD-L1 status and treatment 
outcome. The fluorescent staining used in testing PD-L1 
expression has a higher sensitivity compared with conven
tional immunochemistry assay.

We found both high level of IL-27 and high level of IL-15 
in peripheral blood were associated with better survival. The 
cytokine IL-15 has a key role in promoting survival, prolif
eration and activation of natural killer and T cells.46,47 IL-27 
had double ways in antitumor efficacy.48 Both IL-15 and IL- 
27 contribute to maintain homeostasis of memory T cells.49,50 

As far, their association with survival in checkpoint blockade 
with or without conventional anti-tumor therapies was little 

known. Eotaxin-3 was the most highly induced gene in eosi
nophilic esophagitis patients compared with its expression 
level in healthy individuals.51 Eotaxin-3 had two receptors 
CCR3 and CX3CR1. Eotaxin-3 expressed by hepatocellular 
carcinoma cells could recruit CX3CR1+ MDSCs to the tumor 
tissue.52 IL-22 is exclusively produced by immune cells. 
Increased numbers of intratumoral and peripheral IL-22 
secreting cells have been reported in lung, gastric, colorectal, 
pancreatic and hepatocellular carcinomas and enhanced 
tumor progression.53 Neither Eotaxin-3 nor IL-22 was 
reported in esophageal cancer. Our findings in peripheral 
blood illustrate the important role of systemic immune 
response in antitumour treatment and provide convenient 
biomarkers for patient selection. Lastly, for patients with 
CCND1/FGF19/FGF4 amplification, combining targeted ther
apy might improve treatment efficiency, and deserves further 
study.

This study has some limitations. Firstly, small numbers of 
patients were included. Secondly, the high fractional radiation 
dose (2 Gy) and total radiation dose (60 Gy) might increase the 
incidence of adverse events. Thirdly, the potential biomarkers 
which were associated with survival need to be confirmed.

In conclusion, this is the first study to show that camrelizu
mab combined with concurrent chemoradiotherapy as first-line 
therapy has a promising efficacy and a tolerable safety profile in 
patients with locally advanced ESCC. Our results further 
revealed several potential immune biomarkers in tumor tissues 
and peripheral blood. Based on these findings, a phase 3, ran
domized, double-blind, placebo-controlled study of camrelizu
mab versus placebo in combination with concurrent 
chemoradiotherapy in locally advanced ESCC (NCT04426955) 
is ongoing. In this phase 3 study, we adjusted the radiation dose 
according to the National Comprehensive Cancer Network 
Guideline 2020 (1.8 Gy/fraction, total 50.4 Gy), with the expec
tation to further increase therapeutic efficiency and safety.
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