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Summary
Background In the EC-CRT-001 phase II study, the combination of toripalimab (an anti-programmed death-1
antibody) and definitive chemoradiotherapy (CRT) has shown promising efficacy in patients with locally advanced
oesophageal squamous cell carcinoma (ESCC). Here, we reported the long-term outcomes and post-hoc
exploratory analyses.

Methods This single-arm, phase II trial enrolled 42 patients diagnosed with unresectable stage I–IVA ESCC was
conducted at Sun Yat-sen University Cancer Center between November 2019 and January 2021. Treatment
consisted of chemotherapy (weekly 50 mg/m2 of paclitaxel and 25 mg/m2 of cisplatin for five cycles), concurrent
radiotherapy (50.4 Gy in 28 fractions), and toripalimab (240 mg every 3 weeks for up to 1 year). The primary
endpoint was clinical complete response (CR) rate at 3 months after CRT completion. The 3-year overall survival
(OS) and progression-free survival (PFS) rates were evaluated. Additionally, the exploratory objectives included
analysing recurrence patterns, assessing the associations between immune-related adverse events (irAEs) and
efficacy, and identifying potential predictors for irAEs. The trial was registered with ClinicalTrials.gov
(NCT04005170).

Findings With a median follow-up of 44.3 months (IQR 40.8–46.1), the 3-year OS and PFS rates were 44.8% (95% CI
31.9–62.8) and 35.7% (95% CI 23.8–53.6), respectively. Patients who failed to achieve a clinical complete response
(CR) demonstrated significantly worse OS (hazard ratio [HR] = 13.73, 95% CI 4.43–42.54, P < 0.0001) and PFS
(HR = 32.08, 95% CI 8.57–120.10, P < 0.0001). Disease recurrence occurred in 23 of 42 patients (55%), with
recurrences being earlier and more frequent in the non-CR group compared to the CR group. Patients
experiencing irAEs showed a significantly higher CR rate (72% vs. 39%, P = 0.082) and better PFS (HR = 0.43,
95% CI 0.19–0.93, P = 0.027) than those without irAEs. GON4L mutation was associated with a lower incidence
of irAEs (P = 0.036).

Interpretation The updated survival outcomes confirmed the efficacy of toripalimab plus definitive CRT in locally
advanced ESCC. Moreover, the development of irAEs may predict a more favourable prognosis.
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Research in context

Evidence before this study
We conducted a comprehensive search on PubMed for articles
published until May 5, 2024, with the search terms
([“esophageal squamous cell carcinoma” OR “oesophageal
squamous cell cancer” OR “esophageal cancer”] AND
[“chemoradiotherapy” OR “chemoradiation”] AND [“PD-L1”
OR “PD-1” OR “pembrolizumab” OR “nivolumab” OR
“atezolizumab” OR “durvalumab” OR “avelumab”
OR “camrelizumab” OR “sintilimab” OR “toripalimab” OR
“tislelizumab”]), and we identified 11 citations that included
four ongoing trials with a study protocol and seven trials with
published results. Of these seven published trials, three assessed
neoadjuvant chemoradiotherapy (CRT) combined with
immunotherapy for resectable oesophageal squamous cell
carcinoma (ESCC), one reported a phase Ib/II study of sintilimab
as maintenance after concurrent CRT for recurrent ESCC, and a
phase Ib study of camrelizumab combined with definitive CRT
and apatinib for locally advanced ESCC. The sixth trial was a
phase II study evaluating the addition of induction sintilimab
followed by concurrent CRT for locally advanced ESCC, and the
seventh trial was our previous report of EC-CRT-001.

Added value of this study
To the best of our knowledge, this is the first long-term
analysis with more than 3 years of follow-up reported for
immunotherapy plus definitive CRT in patients with locally
advanced ESCC. The updated survival outcomes from the EC-
CRT-001 trial confirmed our previous findings and further
demonstrated the therapeutic advantage of ICIs in the
treatment of locally advanced stages. Our analysis also
revealed that the onset of irAEs might derive more of a
clinical benefit and identified mutated-GON4L as a potential
predictive biomarker for irAE status.

Implications of all the available evidence
Extended follow-up of combination regimens with toripalimab
plus definitive CRT in patients with locally advanced ESCC
continues to show encouraging antitumor activity. Our study
explored the role of irAE presence in predicting clinical benefits
and underscored the need for further research to validate
reproducible biomarkers. The identification of recurrence
patterns also facilitates improved risk stratification and
optimises surveillance strategies for ESCC.
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Introduction
Oesophageal cancer ranks among the leading causes of
cancer-related morbidity and mortality worldwide.1

Definitive chemoradiotherapy (CRT) is the standard
regimen for unresectable locally advanced oesophageal
squamous cell carcinoma (ESCC), although significant
advancements in long-term survival have been lacking
in recent years.2,3 Results from previous studies on the
antitumor activity of programmed death-1 (PD-1) or
programmed death-ligand 1 (PD-L1) antibodies suggest
an impending shift in therapeutic approaches.4 The
combination of immune checkpoint inhibitors (ICIs)
built upon PD-1 or PD-L1 antibodies and chemotherapy
has shown remarkable improvements in survival,
emerging as a primary treatment modality for advanced
ESCC.5–8 However, the role of ICIs in locally advanced
stages remains to be established.

Our team published the first phase II trial of an anti-
PD-1 antibody (toripalimab) combined with definitive CRT
in unresectable locally advanced ESCC, which showed
encouraging antitumor activity with a complete response
(CR) rate of 62% and acceptable toxicity (EC-CRT-001
trial).9 Moreover, a 1-year overall survival (OS) rate of
78.4% and a 1-year progression-free survival (PFS) rate of
54.5% were reported. Studies focusing on the efficacy of
ICIs in combination with CRT for locally advanced ESCC
are ongoing. However, long-term survival data are lacking.
Additionally, understanding the relapse pattern of a novel
treatment may provide key insights into the optimization
of therapy and refinement of surveillance strategy. There-
fore, patterns of recurrence after immunotherapy plus
definitive CRT are of particular concern.

Although ICIs have achieved long-term durable re-
sponses and significantly improved survival outcomes in
various malignancies, the vast majority of patients experi-
ence immune-related adverse events (irAEs) after treat-
ment.10,11 Accumulating evidence suggests a strong
correlation between mild-to-moderate irAE occurrence and
survival benefits, particularly in lung cancer and mela-
noma.12,13 However, the relationship between irAE status
and efficacy in patients with ESCC remains unclear, with
limited data on the efficacy of CRT plus immunotherapy.
Moreover, biomarkers from genomics and transcriptomics
predicting irAE development remain poorly understood,
posing challenges in clinical decision-making.

Here, we report updated 3-year OS and PFS data
from the EC-CRT-001 trial, representing the longest
follow-up data available for immunotherapy combined
with CRT in ESCC. Additionally, a post-hoc exploratory
analysis was performed to discern recurrence patterns,
the association between irAEs and efficacy, and potential
predictive biomarkers for irAEs.
Methods
Study design, population, and oversight
The open-label, single-arm, phase II trial conducted at
the Sun Yat-sen University Cancer Center enrolled
www.thelancet.com Vol 75 September, 2024
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patients aged 18–70 years with unresectable stage I–IVA
(8th edition of the American Joint Committee on Can-
cer) histologically proven ESCC. Detailed eligibility
criteria and pre-treatment evaluation have been
described previously.9 Enrolled patients received weekly
paclitaxel (50 mg/m2) and cisplatin (25 mg/m2) for five
cycles, concurrent radiotherapy of 50.4 Gy in 28 frac-
tions, and toripalimab (240 mg every three weeks for up
to 1 year, or until disease progression or unacceptable
toxicity). The primary endpoint was clinical CR rate at 3
months after CRT completion. OS, PFS, and safety
profiles were secondary endpoints.

Ethics statement
The trial was conducted in accordance with the princi-
ples of the Declaration of Helsinki and the Good Clin-
ical Practice guidelines. Written informed consent was
obtained from all participants before enrolment, and the
study protocol was approved by the Institutional Review
Board of the Sun Yat-sen University Cancer Center
(B2019-065-01).

Procedures
Follow-up visits were scheduled every 9 weeks for the
first year, every 3 months for the second year, and semi-
annually thereafter. Throughout the follow-up period,
physical examinations, laboratory tests, oesophageal
barium swallow, contrast-enhanced chest/abdominal
computed tomography (CT), and positron emission to-
mography (PET)/CT were performed as required.
Oesophagoscopy with biopsies was performed at 6-
month intervals for up to 3 years. Time to recurrence
was defined as the date when relapse was first observed
on imaging or histopathological reports, and the initial
sites of recurrence were recorded. Locoregional recur-
rence (LRR) was defined as a confirmed recurrence
within the oesophagus or regional lymph nodes,
whereas distant recurrence was defined as non-regional
lymph node recurrence (cervical, supraclavicular, or
para-aortic) or systemic metastasis.

AEs were graded according to the Common Termi-
nology Criteria for Adverse Events (version 4.0). The
definition of irAEs was based on pathologic evidence of
irAE, multidisciplinary adjudication, or clinical improve-
ment with irAE-based treatment, including topical corti-
costeroid therapy, systemic corticosteroid therapy, or
hormone replacement.14 Multiorgan irAEs were defined
as irAEs involving more than one organ system.

DNA extraction, whole-exome sequencing, and
mutation calling
For the 19 patients with pre-treatment tumour biopsies
available for sequencing analysis, total DNA was
extracted from tumour tissues and patient-matched
normal blood using the TIANamp DNA Mini Kit
(Tiangen). The extracted DNA samples underwent DNA
quality testing in degradation and impurities. Nanodrop
www.thelancet.com Vol 75 September, 2024
spectrophotometer was applied for detecting sample
purity and the DNA sample concentration was detected
by Qubit® 3.0 Flurometer. Libraries were prepared us-
ing the VAHTS Universal Plus DNA Library Prep Kit for
Illumina V2. Briefly, genomic DNA was processed
fragmenting, purifying, DNA Ends repairing, and pur-
ifying. Subsequently, the library was subjected to
hybridization-based capture for specific targets using
the SureSelect XT (Agilent SureSelect XT Reagent kit)
target enrichment system. Library quantification was
performed using Qubit 3.0, and the length of library was
detected using Agilent 2100. Sequencing was performed
using a paired-end 150 bp (PE150) approach on a high-
throughput sequencing platform. Somatic mutations of
ESCC tumours were detected using normal blood as a
control, followed by filtering under specific criteria and
annotation utilizing ANNOVAR.

RNA library preparation, sequencing, and
functional profiling
Pre-treatment tissues from 19 patients underwent a se-
ries of standardized procedures, including collection,
snap-frozen storage, and homogenization. Total RNA
was isolated from tissue samples using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and followed by an
assessment of purity using a NanoPhotometer
(IMPLEN, CA, USA). Total RNA concentrations and
integrity were determined using an Agilent 2100 RNA
Nano 6000 assay kit (Agilent Technologies, CA, USA).
After extraction and quantification, transcriptome
sequencing libraries were generated using the VAHTS
Universal V6 RNA-seq Library Prep Kit for Illumina
(NR604-01/02) following the manufacturer’s instruc-
tion. Generally, mRNA was purified from total RNA
using poly-T oligo-attached magnetic beads. First strand
cDNA was synthesized using random hexamer primer
and RNase H. Second strand cDNA synthesis was
subsequently performed using buffer, dNTPs, DNA
polymerase I and RNase H. The double stranded cDNA
was purified by AMPure P beads and was repaired at the
end. Library examination was then conducted. RNA
concentration was measured by Bio-RAD CFX 96 fluo-
rescence quantitative PCR instrument using Bio-RAD
KIT iQ SYBRGREN. Finally, cluster generation and
sequencing were performed on the Illumina NovaSeq
6000 platform.

Immune cellular profiling of samples was performed
using immune-deconvolution tools, including xCell,
ESTIMATE, and single-sample Gene Set Enrichment
Analysis (ssGSEA).15–17 Pathways and biological func-
tions were enriched using the Kyoto Encyclopedia of
Genes and Genomes (KEGG) and Gene Set Variation
Analysis (GSVA).

Statistical analysis
All enrolled patients were included in the analysis, with
the data collection cutoff date set to March 12, 2024.
3
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Characteristic Overall
(n = 42), %

CR
(n = 26), %

Non-CR
(n = 16), %

P

Age (year) 0.70

<56 16 (38) 11 (42) 5 (31)

≥56 26 (62) 15 (58) 11 (69)

Sex 0.33

Male 32 (76) 18 (69) 14 (88)

Female 10 (24) 8 (31) 2 (13)

ECOG-PS 0.097

0 31 (74) 22 (85) 9 (56)

1–2 11 (26) 4 (15) 7 (44)

Weight loss 1.00

<10% 37 (88) 23 (89) 14 (88)

≥10% 5 (12) 3 (12) 2 (13)

Tumour
location

1.00

Upper 21 (50) 13 (50) 8 (50)

Middle 15 (36) 9 (35) 6 (38)

Distal 6 (14) 4 (15) 2 (13)

Tumour length
(cm)

0.026

≤5 26 (62) 20 (77) 6 (38)

>5 16 (38) 6 (23) 10 (63)

Clinical T stage 0.075

T1–T2 10 (24) 9 (35) 1 (6)

T3–T4 32 (76) 17 (65) 15 (94)

Clinical N stage 0.017

N0–N2 31 (74) 23 (89) 8 (50)

N3 11 (26) 3 (12) 8 (50)

Clinical TNM
stage

0.00034

I–III 26 (62) 22 (85) 4 (25)
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Continuous variables were summarised as medians
with interquartile ranges (IQRs), and categorical vari-
ables were reported as counts and frequencies (n%). The
Mann–Whitney U test was used for continuous vari-
ables, and the one-tailed Fisher’s exact test was used for
categorical variables, with reporting the P value as
double the exact one-tailed probability. The median
follow-up period was calculated using the reverse
Kaplan–Meier method. Kaplan–Meier curves were
generated for survival analysis using log-rank statistics
for comparison. Stepwise backward selection was
employed for cohort stratification to build multivariable
Cox regression models. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated using uni-
variate and multivariate Cox proportional hazard
models. The effects of tumour response on survival
outcomes and recurrence patterns, the relationship be-
tween irAE status and efficacy, and potential predictive
biomarkers for the development of irAEs were explored
using post-hoc analyses. All statistical analyses were
performed using R software 4.3.0 (R Core Team, 2023).
Statistical significance was set at P < 0.05 (two-sided).
The trial was registered at ClinicalTrials.gov
(NCT04005170).

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. Dr. Mian Xi had full access to all
data in the study and had final responsibility for the
decision to submit for publication.
IVA 16 (38) 4 (15) 12 (75)

PD-L1 status 0.52

CPS < 10 29 (69) 16 (62) 13 (81)

CPS ≥ 10 11 (26) 8 (31) 3 (19)

Unknown 2 (5) 2 (8) 0

IQR, interquartile range; ECOG-PS, Eastern Cooperative Oncology Group
performance status; PD-L1, programmed death-ligand 1; CPS, combined
positivity score; CR, complete response.

Table 1: Patient demographics and clinical characteristics.
Results
Clinicopathologic characteristics and survival
Between November 12, 2019, and January 25, 2021, 42
enrolled patients with locally advanced ESCC received
toripalimab in combination with definitive CRT
(Supplementary Fig. S1). In this phase II trial, 26 (62%;
95% CI 46–76) of 42 patients achieved a CR as previ-
ously described.8 Patient characteristics at baseline of
the CR and non-CR groups are presented in Table 1.
Earlier cTNM stage (P = 0.00034), N0-2 stage
(P = 0.017), and shorter primary tumour length
(P = 0.026) were significantly associated with an
increased likelihood of achieving a CR.

With a median follow-up of 44.3 months (IQR
40.8–46.1), 23 (55%) of 42 patients experienced re-
currences, and 23 (55%) died in the entire cohort. The 3-
year OS rate was 44.8% (95% CI 31.9–62.8), with a
median OS of 26.9 months (95% CI 8.7–45.2). Median
PFS was 12.2 months (95% CI 8.3–16.1), with a 3-year
PFS rate of 35.7% (95% CI 23.8–53.6). Additionally,
the 3-year locoregional failure-free survival (LRFFS) and
3-year distant metastasis-free survival (DMFS) were
46.3% (95% CI 32.9–65.1) and 67.8% (95% CI
54.1–85.0), respectively (Fig. 1).
Regarding the effect of tumour response on long-
term survival as a post-hoc analysis, patients
achieving a CR had superior OS (HR = 13.73, 95% CI
4.43–42.54, P < 0.0001), PFS (HR = 32.08, 95% CI
8.57–120.10, P < 0.0001), LRFFS (HR = 43.60, 95%
CI 8.89–214.40, P < 0.0001), and DMFS (HR = 5.35,
95% CI 1.52–18.81, P = 0.0038) than those without
achieving a CR (Fig. 2).

Prognostic factors for survival
Univariate and multivariate analyses of prognostic fac-
tors identified that tumour response (non-CR vs. CR)
was the only independent prognostic indicator for OS
(HR = 9.90, 95% CI 2.56–38.25, P = 0.00089). Similarly,
tumour response was also the only independent
www.thelancet.com Vol 75 September, 2024
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Fig. 1: Overall survival (A), progression-free survival (B), locoregional failure-free survival (C), and distant metastasis-free survival (D) of the whole cohort.

Articles
prognostic factor for PFS (HR = 24.85, 95% CI
5.69–108.47, P < 0.0001; Supplementary Table S1).

Recurrence pattern, timing, and site
Among the entire cohort of 42 patients, 11 (26%) had
LRR, 2 (4.8%) experienced distant metastasis, and 10
(24%) experienced concurrent LRR and distant failure.
Of 21 patients with LRRs in the cohort, in-field failure
occurred in 20 patients and out-of-field failure occurred
in 1 patient only. As expected, a lower LRR rate (31% [8
of 26] vs. 81% [13 of 16], P = 0.0036) was observed in the
CR group than in the non-CR group; however, this
difference was not statistically significant for distant
recurrence (19% [5 of 26] vs. 44% [7 of 16], P = 0.16).

For patients experiencing recurrences, the median time
to the first recurrence was 8.4 months (IQR 5.3–12.2). The
median time to recurrence for the non-CR group (6.6
months, IQR 4.7–8.3) was significantly shorter than that
for the CR group (12.8 months, IQR 11.1–15.1;
P < 0.0001). The detailed timing and frequency of re-
currences for the CR and non-CR groups are shown in
Table 2. Notably, 100% (13 of 13) of the recurrences
occurred in the non-CR group compared to only 30% (3 of
10) in the CR group within 1 year of follow-up
(P = 0.00097). Another 70% (7 of 10) of recurrences
occurred in the second year of follow-up for the CR group.

Supplementary Table S2 summarises the site-
specific disease recurrence in this cohort. The most
www.thelancet.com Vol 75 September, 2024
common sites of recurrence were the oesophagus (14
of 42, 33%) and regional lymph nodes (14 of 42, 33%),
followed by non-regional lymph nodes (10 of 42, 24%).
Specifically, the non-CR group had higher oesophageal
and lymph node recurrence rates. However, no sig-
nificant differences were observed between CR and
non-CR groups in hematogenous metastasis rates
(P = 0.44).

Salvage treatment
Among patients with recurrences (n = 23), three un-
derwent salvage surgery, thirteen received systemic
therapy, two received second-course radiotherapy, and
five received supportive care only. Patients who under-
went salvage treatment demonstrated improved OS after
recurrence compared to those who received supportive
care alone (HR = 0.26, 95% CI 0.08–0.81, P = 0.013;
Supplementary Fig. S2). Of 13 patients who underwent
systemic therapy after relapse, 10 received re-treatment
with immunotherapy in combination with chemo-
therapy. Three of them demonstrated at least 1-year
survival time after recurrence. Specifically, of 11 pa-
tients with LRRs only, 2 patients received successful
salvage esophagectomy, 2 underwent salvage CRT, 5
received systemic treatment, and 2 received supportive
care. The two patients who underwent salvage surgery
remained disease-free for at least 1 year after
recurrence.
5
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Fig. 2: Overall survival (A), progression-free survival (B), locoregional failure-free survival (C), and distant metastasis-free survival (D) for CR vs.
non-CR groups. CR, complete response.

Category Tota

No.

Locoregional
recurrences

CR 26

Non-CR 16

Distant recurrences

CR 26

Non-CR 16

Total recurrences

CR 26

Non-CR 16

CR, complete response.

Table 2: Recurrence timin
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Tumour response and survival by irAE status
All patients experienced treatment-related AEs of any
grade during treatment (Supplementary Table S3).
Twenty-nine of 42 patients (69%) experienced any-grade
irAEs (Table 3), with the most common being
l Recurrences ≤6.0
months

6.1–12.0
months

12.1–18.0
months

18.1–24.0
months

>24.0
months

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

8 (31) 0 2 (25) 5 (63) 1 (13) 0

13 (81) 6 (46) 7 (54) 0 0 0

5 (19) 0 2 (40) 2 (40) 1 (20) 0

7 (44) 4 (57) 3 (43) 0 0 0

10 (39) 0 3 (30) 5 (50) 2 (20) 0

13 (81) 6 (46) 7 (54) 0 0 0

g and frequency in CR group vs. non-CR group.
hypothyroidism (13 of 42, 31%), rash (12 of 42, 29%),
and hyperlipidaemia (10 of 42, 24%). Grade 1–2 irAEs
occurred in 67% of patients (28 of 42), whereas grade 3
events were observed in only one patient (1 of 42, 2%),
with no occurrences of life-threatening irAEs. The
clinical spectrum of irAEs across organ systems is
described in Supplementary Table S4, involving skin,
endocrine, neurologic, gastrointestinal tract, and others
(e.g., fatigue). Nine of 42 patients (21%) experienced
multi-organ irAEs, and 20 of 42 patients (48%) experi-
enced single-organ irAEs.

The relationship between irAE status and clinical
outcomes were analysed as an exploratory post-hoc
analysis. The occurrence of irAEs positively correlated
with treatment efficacy, including a higher CR rate (39%
vs. 72%, P = 0.082) and better PFS (HR = 0.43, 95% CI
0.19–0.93, P = 0.027). Nevertheless, irAEs status did not
significantly predict OS (HR = 0.59, 95% CI 0.25–1.40,
P = 0.23) (Fig. 3A–C). No significant differences in OS
or PFS were noted among patients who developed
multi-organ, single-organ, or no irAE status
(Supplementary Fig. S3).
www.thelancet.com Vol 75 September, 2024
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Variable No. (%) Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Any irAE 29 (69) 19 (45) 9 (21) 1 (2) 0 0

Hypothyroidism 13 (31) 12 (29) 1 (2) 0 0 0

Rash 12 (29) 8 (19) 4 (10) 0 0 0

Hyperlipidaemia 10 (24) 8 (19) 1 (2) 1 (2) 0 0

Fatigue 6 (14) 6 (14) 0 0 0 0

Oral mucositis 5 (12) 2 (5) 3 (7) 0 0 0

Hyperthyroidism 2 (5) 2 (5) 0 0 0 0

Hyperglycaemia 2 (5) 2 (5) 0 0 0 0

Neurotoxicity 2 (5) 2 (5) 0 0 0 0

Adrenal insufficiency 1 (2) 1 (2) 0 0 0 0

Diarrhoea 1 (2) 0 1 (2) 0 0 0

Table 3: Immune-related adverse events (irAEs).

Articles
Integrated analysis of whole-exome and RNA
sequencing with irAE status
A total of 4701 nonsynonymous somatic single nucleo-
tide variants (SNVs) were identified in the 19 patients
with available tumour samples for sequencing, with the
most frequently mutated genes being TP53 and TTN,
observed in 89% (17 of 19) and 53% (10 of 19) of pa-
tients, respectively (Fig. 3D). Among these, the GON4L
mutation, which ranked foremost for the disparity be-
tween patients with or without irAEs, appeared to
deactivate the occurrence of irAEs (Fig. 3E). Further-
more, we found a positive association between high
levels of immunological components, including CD8+
naive T-cells, class-switched memory B-cells, M2 mac-
rophages, and wild-type GON4L in the post-hoc analysis
(Supplementary Fig. S4A). Additionally, our study con-
ducted exploratory univariable analyses of PFS and OS
according to gene mutation prevalence, and the results
indicated that patients with TP53 mutations had a
marginally prolonged OS compared to those with wild-
type (Supplementary Table S5).

Although the difference in immune cellular fraction
between patients with or without irAEs was somewhat
diminished due to sample size limitations, a consistent
trend persisted, with patients experiencing irAEs
consistently demonstrating enhanced immune activa-
tion, including B cells, CD4+ T cells, and CD8+ T cells
(Supplementary Fig. S4B and C). KEGG and GSVA
functional classifications revealed enriched pathway
patterns related to irAE status, such as the Wnt signal-
ling pathway, Hedgehog signalling pathway, cell cycle,
and tumour necrosis factor (TNF) targets
(Supplementary Fig. S4D and E).
Discussion
In this phase II trial of locally advanced ESCC, with
more than 3 years of follow-up, the combination of
toripalimab and definitive CRT resulted in a long-term
survival benefit. To the best of our knowledge, this
study represents the first long-term analysis that con-
firms our previous findings and further highlights the
role of ICIs when combined with traditional regimens.
The study’s strengths encompass detailed data on
recurrence patterns, standardized documentation of
irAEs, and insights into the potential biological modu-
lation of irAEs.

Despite 38% (16 of 42) of patients enrolled had stage
IVA disease in our study, the 3-year OS rate of 44.8%
still exceeded those reported in previous studies
involving definitive CRT in oesophageal cancer, such as
RTOG 8501 (30%), PRODIGE5/ACCORD17 (27%),
ARTDECO (39%), RTOG 9405 (40% for 2-year), RTOG
0436 (34%), and JCOG 0303 (26%) trials.2,3,18–20 Although
a prior report published the short-term clinical out-
comes from this trial,9 the current study extends these
findings to reveal that achieving CR did translate into a
www.thelancet.com Vol 75 September, 2024
long-term survival benefit. Our results showed pro-
longed OS and PFS in patients with CR, providing
convincing evidence that the clinical benefits of tor-
ipalimab combined with CRT, in terms of short-term
response, are maintained over a long follow-up period.

We observed a cumulative incidence of 50% (21 of 42)
for LRR and 29% (12 of 42) for distant metastasis in this
cohort. For comparison, a retrospective study involving
182 patients with stage I-III ESCC treated with definitive
CRT reported an LRR rate of 43% (78 of 182) and a
distant metastasis rate of 28% (50 of 182).21 Overall,
during the first 2-year follow-up period, 88% (160 of 182)
of failures occurred in that study compared to a corre-
sponding rate of 100% (23 of 23) in our trial. One
possible explanation for this difference is the collective
impact of PD-1 inhibitor resistance and the tumour
immunosuppressive microenvironment, leading to
accelerated failure of the initial therapy in a fraction of
patients. Compared to the CR group, the occurrence of
early recurrence (<12 months) served as a corollary for
the non-CR group. Thus, close surveillance during the
first year is crucial for patients who do not achieve CR,
prompting clinicians to select timely salvage treatment.
In contrast, the CR group still had a recurrence rate of
39%, and the majority of cases occurred in the second
year of the follow-up period, suggesting that intensive
follow-up within the first 2 years is necessary for patients
with CR. However, intensive surveillance after 2 years
may provide less value. Additionally, the moderate
recurrence rate observed in the CR group implied the
inaccuracy of conventional imaging-based assessment of
tumour response. Liquid biopsy, especially for the
detection of circulating tumour DNA, may be a prom-
ising supplementary approach for monitoring tumour
response and microscopic progression in ESCC.22,23

Among patients who experienced disease relapse,
our findings indicated that they might derive more
benefit from adequate salvage treatment than supportive
care alone. In this study, four patients attained prom-
ising long-term survival after salvage therapy, with three
of them successfully undergoing salvage surgery. These
7
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Fig. 3: Impact of irAE status on survival, tumour response, and genomic profiling. Overall survival (A), progression-free survival (B), and CR rates
(C) among patients with or without irAEs. (D) Genomic landscape of 19 patients with available tumour tissue in the EC-CRT-001 cohort. Top
track: irAE status per sample. Bottom heatmap: mutations included in cancer-related pathways. (E) CR rates among patients with different
mutated-GON4L types. irAE, immune-related adverse event; CR, complete response.
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results highlight the potential for active salvage treat-
ment to translate into a survival benefit for patients with
a stable performance status after careful restaging
evaluation.
Our report supports the general assumption that the
presence of irAEs is an early indicator of prolonged
survival. Mild-to-moderate irAEs typically require close
observation and supportive treatment.24,25 The
www.thelancet.com Vol 75 September, 2024

http://www.thelancet.com


Articles
documentation of irAEs in our trial emphasized the
manageable safety profile of toripalimab, particularly as
only one grade 3 irAE event existed. Previous literature
suggests a long-term clinical benefit of multiorgan irAE
occurrence compared to single-organ involvement.14,26

However, due to the limited sample size in our study,
no significant difference was observed. Another possible
explanation is that the combination of immunothera-
peutic agents with concurrent chemoradiotherapy con-
ducted across the entire cohort in our study suggests
that identifying the spectrum of immunotherapy toxicity
may be more complex than that seen in other studies
focusing solely on anti-PD-1 monotherapy. Given this
complexity, investigators have theorized that standard
assessment protocols may encounter challenges in
recognizing all potential irAEs; thereby, limiting our
exploratory analysis to specific symptoms typically
associated with irAEs.

Ultimately, as the long-term survival of patients with
ESCC who experience irAEs is promising, further
investigation is required to identify predictive bio-
markers that are enriched for irAE onset. This post-hoc
exploratory subgroup analysis aimed to reveal potential
modulatory effects using available genotyping and mo-
lecular phenotyping datasets. We observed the role of
mutated-GON4L, previously reported as a cancer driver
gene, in inhibiting the occurrence of irAEs.27 In vitro
studies have demonstrated that mutated-GON4L may
result in the cessation of B lymphopoiesis and impaired
proliferation.28 Our findings also suggested an inherent
association between GON4L alteration and a compro-
mised immune microenvironment, such as CD8+ naive
T-cells and class-switched memory B-cells, consistent
with earlier research. Moreover, recent studies have
suggested an increased risk of specific irAE onset in
individuals with a pro-inflammatory microenviron-
ment.29,30 Although molecular omics data from our study
presented a comparable trend, no significant association
was established due to the limited sample size, thus
highlighting the need for further large-scale studies to
validate our findings.

This study had several limitations. Firstly, the single-
centre and single-arm design of the trial, alongside the
small cohort size, directly influenced the statistical po-
wer. Secondly, compared to ICI monotherapy adminis-
tered in several previous studies, the combination
regimens of immunotherapy and CRT in this study may
have introduced complexities in accurately diagnosing
irAEs. Finally, the analysis of the relationship between
irAE severity and long-term survival was limited due to
only one patient in our study experiencing a grade 3
irAE. Despite the above limitations, based on the
encouraging long-term outcomes of this phase II trial, a
randomized, controlled, phase III trial validating the
efficacy of toripalimab plus definitive CRT for patients
with locally advanced ESCC is necessary. Considering
the significantly lower CR rate and worse survival of
www.thelancet.com Vol 75 September, 2024
patients with stage IVA vs. stage I-III disease, the
addition of induction immunochemotherapy prior to the
current regimen might be a reasonable strategy for this
setting, which is currently being investigated in a pro-
spective randomized trial (NCT05520619). Moreover,
the value of genomic alterations as biomarkers to predict
patients who may benefit most from immunotherapy
should be further investigated in the phase III study.

In conclusion, the updated 3-year survival outcomes
from the EC-CRT-001 trial confirmed the efficacy of
toripalimab plus definitive CRT in locally advanced
ESCC. The development of irAEs might predict a more
favourable prognosis. Additionally, considering the dif-
ferences in recurrence patterns, timing, and frequency
between the CR and non-CR groups, further investiga-
tion into individualized surveillance strategies is
warranted.

Contributors
Conception and design: S.L.L., Q.Q.L., M.X.; Supply of study materials
or patients: Y.H.L., B.Q.C., Y.J.Z, S.L.L., Q.Q.L., M.X.; Gathering and
assembly of data: R.X.W., Y.H.L., B.Q.C., Y.H.H, M.Z.L, Y.J.Z., Y.D.Y,
L.Z., Y.X.L., S.L.L. Q.Q.L., M.X.; Data analysis and interpretation:
R.X.W., Y.H.L., B.Q.C., S.L.L., Q.Q.L., M.X.; Manuscript drafting and
revision: all authors.

All authors had access to the data, participated in reviewing and
editing of the manuscript, and approved the final version before sub-
mission. Three principal investigators (S.L.L., Q.Q.L., and M.X.) verified
the raw data of the study and had final responsibility for the decision to
submit for publication.

Data sharing statement
Data will be made available following publication upon reasonable
request from Dr. Mian Xi via email.

Declaration of interests
All authors have no conflicts of interest to declare.

Acknowledgements
This work was supported by the grants from the National Natural Sci-
ence Foundation of China (No. 82172669; 82373214), Beijing Xisike
Clinical Oncology Research Foundation (Y-MSDZD2022-0878), and Sci-
Tech Project Foundation of Guangzhou (2024A04J6382).

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.eclinm.2024.102806.
References
1 Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022:

GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2024;74:229–263.

2 Cooper JS, Guo MD, Herskovic A, et al. Chemoradiotherapy of
locally advanced esophageal cancer: long-term follow-up of a pro-
spective randomized trial (RTOG 85-01). JAMA. 1999;281:
1623–1627.

3 Hulshof MCCM, Geijsen ED, Rozema T, et al. Randomized study
on dose escalation in definitive chemoradiation for patients with
locally advanced esophageal cancer (ARTDECO Study). J Clin
Oncol. 2021;39:2816–2824.

4 Kraehenbuehl L, Weng CH, Eghbali S, Wolchok JD, Merghoub T.
Enhancing immunotherapy in cancer by targeting emerging
immunomodulatory pathways. Nat Rev Clin Oncol. 2022;19:37–50.

5 Doki Y, Ajani JA, Kato K, et al. Nivolumab combination therapy in
advanced esophageal squamous-cell carcinoma. N Engl J Med.
2022;386:449–462.
9

https://doi.org/10.1016/j.eclinm.2024.102806
https://doi.org/10.1016/j.eclinm.2024.102806
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref1
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref1
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref1
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref3
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref3
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref3
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref3
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref4
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref4
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref4
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref5
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref5
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref5
http://www.thelancet.com


Articles

10
6 Luo H, Lu J, Bai Y, et al. Effect of camrelizumab vs placebo added to
chemotherapy on survival and progression-free survival in patients
with advanced or metastatic esophageal squamous cell carcinoma:
the ESCORT-1st randomized clinical trial. JAMA. 2021;326:916–925.

7 Wang ZX, Cui C, Yao J, et al. Toripalimab plus chemotherapy in
treatment-naïve, advanced esophageal squamous cell carcinoma
(JUPITER-06): a multi-center phase 3 trial. Cancer Cell.
2022;40:277–288.

8 Li J, Chen Z, Bai Y, et al. First-line sugemalimab with chemo-
therapy for advanced esophageal squamous cell carcinoma: a ran-
domized phase 3 study. Nat Med. 2024;30:740–748.

9 Zhu Y, Wen J, Li Q, et al. Toripalimab combined with definitive
chemoradiotherapy in locally advanced oesophageal squamous cell
carcinoma (EC-CRT-001): a single-arm, phase 2 trial. Lancet Oncol.
2023;24:371–382.

10 Martins F, Sofiya L, Sykiotis GP, et al. Adverse effects of immune-
checkpoint inhibitors: epidemiology, management and surveil-
lance. Nat Rev Clin Oncol. 2019;16:563–580.

11 Michot JM, Bigenwald C, Champiat S, et al. Immune-related
adverse events with immune checkpoint blockade: a comprehen-
sive review. Eur J Cancer. 2016;54:139–148.

12 Kfoury M, Najean M, Lappara A, et al. Analysis of the association
between prospectively collected immune-related adverse events and
survival in patients with solid tumor treated with immune-
checkpoint blockers, taking into account immortal-time bias. Can-
cer Treat Rev. 2022;110:102452.

13 Maillet D, Corbaux P, Stelmes JJ, et al. Association between
immune-related adverse events and long-term survival outcomes in
patients treated with immune checkpoint inhibitors. Eur J Cancer.
2020;132:61–70.

14 Shankar B, Zhang J, Naqash AR, et al. Multisystem immune-related
adverse events associated with immune checkpoint inhibitors for treat-
ment of non–small cell lung cancer. JAMA Oncol. 2020;6:1952–1956.

15 Aran D, Hu Z, Butte AJ. xCell: digitally portraying the tissue
cellular heterogeneity landscape. Genome Biol. 2017;18:220.

16 Yoshihara K, Shahmoradgoli M, Martínez E, et al. Inferring tumour
purity and stromal and immune cell admixture from expression
data. Nat Commun. 2013;4:2612.

17 Barbie DA, Tamayo P, Boehm JS, et al. Systematic RNA interfer-
ence reveals that oncogenic KRAS-driven cancers require TBK1.
Nature. 2009;462:108–112.

18 Shinoda M, Ando N, Kato K, et al. Randomized study of low-dose
versus standard-dose chemoradiotherapy for unresectable
esophageal squamous cell carcinoma (JCOG0303). Cancer Sci.
2015;106:407–412.

19 Conroy T, Galais MP, Raoul JL, et al. Definitive chemo-
radiotherapy with FOLFOX versus fluorouracil and cisplatin in
patients with oesophageal cancer (PRODIGE5/ACCORD17): final
results of a randomised, phase 2/3 trial. Lancet Oncol.
2014;15:305–314.

20 Hallemeier CL, Moughan J, Haddock MG, et al. Association of
radiotherapy duration with clinical outcomes in patients with
esophageal cancer treated in NRG Oncology trials: a secondary
analysis of NRG Oncology randomized clinical trials. JAMA Netw
Open. 2023;6:e238504.

21 Xi M, Xu C, Liao Z, et al. The impact of histology on recurrence
patterns in esophageal cancer treated with definitive chemo-
radiotherapy. Radiother Oncol. 2017;124:318–324.

22 Chen B, Liu S, Zhu Y, et al. Predictive role of ctDNA in esophageal
squamous cell carcinoma receiving definitive chemoradiotherapy
combined with toripalimab. Nat Commun. 2024;15:1919.

23 Ng HY, Ko JMY, Lam KO, et al. Circulating tumor DNA dynamics
as prognostic markers in locally advanced and metastatic esopha-
geal squamous cell carcinoma. JAMA Surg. 2023;158:1141–1150.

24 Ramos-Casals M, Sisó-Almirall A. Immune-related adverse events
of immune checkpoint inhibitors. Ann Intern Med. 2024;177:
ITC17–ITC32.

25 Suijkerbuijk KPM, Van Eijs MJM, Van Wijk F, Eggermont AMM.
Clinical and translational attributes of immune-related adverse
events. Nat Cancer. 2024;5:557–571.

26 Kichenadasse G, Miners JO, Mangoni AA, Rowland A,
Hopkins AM, Sorich MJ. Multiorgan immune-related adverse
events during treatment with atezolizumab. J Natl Compr Canc
Netw. 2020;18:1191–1199.

27 Agarwal N, Dancik GM, Goodspeed A, et al. GON4L drives cancer
growth through a YY1–androgen receptor–CD24 axis. Cancer Res.
2016;76:5175–5185.

28 Lu P, Hankel IL, Knisz J, et al. The Justy mutation identifies Gon4-
like as a gene that is essential for B lymphopoiesis. J Exp Med.
2010;207:1359–1367.

29 Lozano AX, Chaudhuri AA, Nene A, et al. T cell characteristics
associated with toxicity to immune checkpoint blockade in patients
with melanoma. Nat Med. 2022;28:353–362.

30 Jing Y, Liu J, Ye Y, et al. Multi-omics prediction of immune-related
adverse events during checkpoint immunotherapy. Nat Commun.
2020;11:4946.
www.thelancet.com Vol 75 September, 2024

http://refhub.elsevier.com/S2589-5370(24)00385-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref8
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref8
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref8
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref11
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref11
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref11
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref12
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref12
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref12
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref12
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref12
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref13
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref13
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref13
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref13
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref14
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref14
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref14
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref15
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref15
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref16
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref16
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref16
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref22
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref22
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref22
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref23
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref23
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref23
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref24
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref24
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref24
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref25
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref25
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref25
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref28
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref28
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref28
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref29
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref29
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref29
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref30
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref30
http://refhub.elsevier.com/S2589-5370(24)00385-7/sref30
http://www.thelancet.com

	Long-term survival and post-hoc analysis of toripalimab plus definitive chemoradiotherapy for oesophageal squamous cell car ...
	Introduction
	Methods
	Study design, population, and oversight
	Ethics statement
	Procedures
	DNA extraction, whole-exome sequencing, and mutation calling
	RNA library preparation, sequencing, and functional profiling
	Statistical analysis
	Role of the funding source

	Results
	Clinicopathologic characteristics and survival
	Prognostic factors for survival
	Recurrence pattern, timing, and site
	Salvage treatment
	Tumour response and survival by irAE status
	Integrated analysis of whole-exome and RNA sequencing with irAE status

	Discussion
	ContributorsConception and design: S.L.L., Q.Q.L., M.X.; Supply of study materials or patients: Y.H.L., B.Q.C., Y.J.Z, S.L. ...
	Data sharing statementData will be made available following publication upon reasonable request from Dr. Mian Xi via email.
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


