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Abstract

Definitive concurrent chemoradiotherapy (dCRT) remains the treatment back-
bone for anatomically unresectable locally advanced esophageal squamous cell
carcinoma (ESCC), but recurrence after treatment remains relatively com-
mon. This review discusses the use of immune checkpoint inhibitors concur-
rently, as induction therapy, and as consolidation or maintenance therapy af-
ter dCRT. Anatomical unresectability is distinguished from medical inopera-
bility, refusal of surgery, and organ-preservation pathways. Early studies sup-
port the feasibility of combination treatment, but differences in study popula-
tions, treatment exposure, and endpoint time origins limit comparisons across
studies. EC-CRT-002 has not established a universal benefit from prolonged
immunotherapy, and its historical-control comparisons should be distin-
guished from the randomized groups receiving different treatment durations.
Studies also differ in the reporting of severe toxicity, treatment discontinua-
tion, fistula, and treatment-related death and in the populations analyzed. Dy-
namic circulating tumor DNA is associated with response and survival, but no
evidence has established a treatment-by-biomarker interaction for the addi-
tional benefit of immunotherapy. Confirmatory randomized studies in clearly
defined target populations are still needed.
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1. Introduction

Esophageal squamous cell carcinoma (ESCC) accounts for approximately 90% of
esophageal cancers in China, and some patients present with locally advanced dis-
ease at diagnosis [1]-[3]. When surgery is not appropriate, definitive concurrent
chemoradiotherapy (dCRT) is a treatment option with curative intent. However,
anatomical unresectability should be distinguished from other reasons for non-
operative treatment when interpreting evidence for combinations with immuno-
therapy. In this review, immune checkpoint inhibitors are abbreviated as ICIs.
dCRT remains the backbone of curative-intent treatment for these patients, but
local residual disease, recurrence, and distant metastasis limit long-term survival.
The benefits of immune checkpoint inhibitors (ICIs) in advanced ESCC have
prompted their investigation in the definitive treatment setting [4]-[6]. The main
strategies currently include concurrent combination treatment, induction chem-
otherapy plus immunotherapy followed by dCRT, and consolidation or mainte-
nance therapy after dCRT. The following sections first introduce the standard
dCRT reference regimen and the rationale for combining it with immunotherapy,
then review the clinical evidence for the three strategies, endpoint definitions, can-

didate biomarkers, and safety management.

1.1. Scope of the Review and Operational Definition of
Unresectability

In this review, anatomical unresectability is defined as a thoracic surgical and mul-
tidisciplinary assessment indicating that RO resection, namely complete tumor re-
moval with microscopically negative margins, is not expected to be achievable
with acceptable safety. Assessment should integrate contrast-enhanced imaging,
endoscopy, staging investigations, and bronchoscopy when airway invasion is sus-
pected, while considering the structures involved and the feasibility of en bloc re-
section. cT4b tumor invasion of the aorta, trachea or bronchi, or vertebral body is
a typical anatomical reason; TNM staging alone cannot replace an assessment of
surgical resectability [7] [8]. The Japan Esophageal Society guidelines explicitly
state that consideration of conversion surgery after induction therapy or dCRT
should be based on an expectation of RO resection and acceptable operative risk
[8]. Initial unresectability should therefore be recorded separately from resecta-
bility reassessed after treatment.

Based on eligibility criteria and baseline data, studies are classified as involving
anatomically unresectable disease, mixed nonoperative populations, or insuffi-
cient information for classification. Mixed nonoperative populations may include
patients with technically resectable tumors but contraindications to surgery, pa-
tients who decline surgery, and patients with cervical esophageal cancer treated
for organ preservation. Nonsquamous histology, postoperative recurrence, and
specific extra-regional nodal metastases are identified separately. Even if a study
uses the term “unresectable”, its entire population cannot be classified as anatom-

ically unresectable if the eligibility criteria also permit the other circumstances de-
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scribed above. Overall results from mixed cohorts cannot substitute for separately

reported results from the anatomically unresectable subgroup.

1.2. Information Sources and Study Selection

Information sources for this review include published or publicly available Pub-
Med-indexed literature, original publisher reports and supplementary materials,
ClinicalTrials.gov records, and professional guidelines. Targeted searches used
trial names and combinations of keywords including esophageal squamous cell
carcinoma, definitive chemoradiotherapy, immune checkpoint inhibitor, induc-
tion, concurrent, consolidation, and maintenance; relevant references and follow-
up reports were also checked. Prospective studies of immune checkpoint inhibi-
tors combined with curative-intent dCRT in adults with ESCC were prioritized.
Greater interpretive weight was given to randomized studies, mature follow-up,
and studies with clearly reported eligibility criteria and safety data. Retrospective
studies, mechanistic studies, and guidelines were used for discussion of the back-

ground, biomarkers, and toxicity management.

2. Foundations of Definitive Concurrent Chemoradiotherapy
and Immunotherapy

2.1. Standard dCRT Reference Regimen

dCRT refers to radiotherapy and chemotherapy delivered concurrently with cu-
rative intent, without planned routine surgery. RTOG 85-01 established the supe-
riority of concurrent chemoradiotherapy over radiotherapy alone; INT 0123
found no improvement in survival or local control with 64.8 Gy compared with
50.4 Gy; ARTDECO likewise found no improvement in major outcomes when the
primary tumor dose was increased to 61.6 Gy [9]-[11]. Therefore, 50.0 - 50.4 Gy
in 25 - 28 fractions of 1.8 - 2.0 Gy can serve as an evidence-based reference for
cross-study comparisons. Some regimens in Japan and China use 50 - 60 Gy for
unresectable disease, particularly T4b lesions, but routine dose escalation should
not be equated with better efficacy. Modern radiotherapy should use intensity-
modulated radiotherapy or volumetric modulated arc therapy with image guid-
ance and fully report the total dose, fractionation, treatment interruptions, and
cardiac and pulmonary dose exposure [12].

Radiation fields are generally classified as involved-field irradiation (IFI) or
elective nodal irradiation (ENI). IFI covers the primary tumor, radiographically
positive lymph nodes, and a margin for subclinical extension; ENI additionally
covers high-risk regional lymphatic drainage areas. Current evidence is insuffi-
cient to support the same strategy for all patients. Selection should consider tumor
location, nodal distribution, normal-organ doses, and the trial protocol, and should
be explicitly reported [12]. Conventional concurrent chemotherapy uses cisplatin
plus fluorouracil; FOLFOX is an alternative supported by randomized studies
[13], while taxane-platinum combinations are commonly used in Chinese and

other Asian studies. Before evaluating the additional benefit of an immunotherapy
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combination, the radiotherapy dose, radiation fields, intensity of concurrent drug
treatment, and treatment completion rate should first be confirmed as comparable

to those of the reference regimen.

2.2. Immune Checkpoint Inhibitor Monotherapy

Confirmatory evidence for ICI monotherapy comes mainly from advanced or re-
current disease. ATTRACTION-3 showed that nivolumab improved overall sur-
vival (OS) in patients with previously treated advanced ESCC; KEYNOTE-181 sug-
gested that the benefit of pembrolizumab was concentrated mainly in patients with
high programmed death-ligand 1 (PD-L1) combined positive scores [14] [15].
These studies established the antitumor activity of programmed cell death protein 1
(PD-1)/PD-L1 pathway blockade, but their disease stages, treatment intent, and
treatment backbones differ. They therefore do not directly demonstrate the addi-
tional benefit of ICIs in unresectable locally advanced disease treated with dCRT.

2.3. Rationale for Combining Radiotherapy with Immunotherapy

Radiotherapy may enhance antitumor immunity through tumor antigen release,
antigen presentation, and cytosolic DNA sensing, and may upregulate PD-L1,
providing a rationale for immune checkpoint blockade. Conversely, larger radia-
tion fields and low-dose exposure may also cause lymphopenia or immunosup-
pression [16]-[23]. Mechanistic studies therefore help explain treatment sequenc-
ing and target-volume optimization, but cannot replace randomized clinical evi-
dence. Radiation dose, fractionation, and nodal irradiation may all affect immune
responses, and a single immunologically optimal radiotherapy regimen cannot be

assumed across different treatment settings [24].

3. Three Strategies for Combining dCRT with
Immunotherapy

Clinical complete response (cCR) means that no clinically detectable tumor is found
according to the combined criteria of endoscopy, biopsy, and imaging within the
assessment window specified by the studys; it is not equivalent to pathological com-
plete response and has no time origin for survival analysis. Progression-free survival
(PES) is the time to progression or death, overall survival (OS) is the time to death
from any cause, and event-free survival (EFS) includes protocol-defined disease-re-
lated events or death. Reports of local control should specify whether failure con-
cerns only the primary site or also includes regional lymph nodes. Randomization,
enrollment, first treatment, and initiation of dCRT are different time origins. This
review retains the original study definitions without retrospective harmonization;

unspecified time origins are identified in Table 1 and are not inferred.

3.1.ICIs Concurrent with dCRT

Concurrent combination treatment aims to cover the window of radiotherapy-

induced antigen release, and some studies continue maintenance immunotherapy
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after dCRT. A phase Ib study of camrelizumab combined with docetaxel, cisplatin,
and radiotherapy enrolled 20 patients with ESCC and reported 1-year OS and PFS
rates of 85% and 80%, respectively; however, the original study provided limited
stratification of anatomical unresectability and mainly supports treatment feasi-
bility [25]. The population described as “inoperable” in the study of durvalumab
plus tremelimumab also included patients who were medically or surgically un-
suitable for surgery, had cervical tumors, or had postoperative local recurrence,
while excluding T4b disease. It therefore cannot serve as direct evidence for ana-
tomically unresectable ESCC [26].

All 42 patients in EC-CRT-001 had ESCC, but approximately 62% were consid-
ered inoperable; the remaining patients could include those who declined surgery
or had cervical tumors. The overall cCR rate of 62%, 3-year OS rate of 44.8%, and
PES rate of 35.7% should therefore be interpreted as results from a mixed nonop-
erative cohort and cannot be directly extrapolated to a purely anatomically unre-
sectable subgroup [27] [28]. NOBEL likewise involved a mixed population, in-
cluding 25 patients with resectable and 16 with unresectable ESCC. The overall
cCR rate was 73%; in the unresectable subgroup, the cCR rate was 56% and the 1-
year OS rate was 81.3%, so interpretation should prioritize the subgroup results
[29]. These single-arm studies suggest the feasibility of concurrent combination
treatment but have not demonstrated its superiority over standard dCRT.

Another single-arm phase II study evaluated QL1706, which includes both PD-
1 and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) blockade compo-
nents, combined with dCRT [30]. This study extends investigation to dual-check-
point strategies but has not demonstrated superiority over PD-1 blockade alone
or standard dCRT.

3.2. Induction Chemotherapy Plus Immunotherapy Followed by
dCRT

Induction chemotherapy plus immunotherapy may shrink the tumor before radi-
otherapy, improve swallowing, and provide early response information, but may
also increase bone marrow suppression or delay dCRT. The sintilimab induction
study enrolled 75 patients with locally advanced esophageal cancer receiving non-
operative treatment, predominantly ESCC; however, anatomical resectability was
not stratified in a way that permits independent extrapolation. The 2-year local
control rate of 81.7% should therefore be viewed only as an exploratory result of
this treatment pathway [31].

ImpactCRT enrolled 49 patients with ESCC. Although the study described
them as unresectable, eligibility included inoperability, contraindications to sur-
gery, or refusal of surgery; 16 patients (32.7%) had stage IVB disease with metas-
tasis confined to the supraclavicular lymph nodes. The study should therefore be
classified as a mixed nonoperative cohort. In the intention-to-treat (ITT) popula-
tion, the 1-year OS/PFS rates were 85.7%/71.4%, and the 2-year rates were
72.5%/60.5%. Its primary endpoint, the 1-year OS rate, was assessed in the per-

protocol population of 46 patients, using a different denominator from the ITT
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results. The single-arm design and occurrence of 1 treatment-related death war-
rant cautious interpretation [32].

EC-CRT-002 randomized 114 patients equally to tislelizumab maintenance or
no maintenance, with 57 patients per group. The registry eligibility criteria allow
nonoperative treatment for medical reasons or patient choice, so the entire popu-
lation cannot be labeled anatomically unresectable [33] [34]. Both groups first re-
ceived 2 induction cycles every 3 weeks: paclitaxel 135 - 175 mg/m?, cisplatin 75
mg/m?, and tislelizumab 200 mg. This was followed by intensity-modulated radio-
therapy at 50.4 Gy in 28 fractions, with concurrent weekly paclitaxel 45 mg/m?* and
cisplatin 25 mg/m? for 5 weeks, and 2 additional doses of tislelizumab every 3 weeks.
Group A received 12 additional maintenance cycles, for a total of 16 immunother-
apy cycles; group B stopped immunotherapy after 4 cycles [33] [34].

At a median follow-up of 22.7 months, the 1-year PFS rate was 52.6% (95% CI
41.4 - 67.3) in group A and 71.9% (61.1 - 84.6) in group B, compared with 56.4%
(44.7 - 71.1) in the historical control. The PFS hazard ratios for groups A and B
relative to that historical control were 1.06 (95% CI 0.67 - 1.68) and 0.54 (0.32 -
0.94), respectively; the OS hazard ratio for group B relative to the historical control
was 0.42 (0.22 - 0.82) [33]. These hazard ratios derive from historical-control com-
parisons and are not estimates of the effect between the randomized groups A and
B. The study did not demonstrate the superiority of the immunotherapy combina-
tion through a concurrently randomized dCRT control, and its results do not sup-
port routine extension to 16 cycles. It also cannot demonstrate equivalence between

the two treatment durations or establish 4 cycles as a universally optimal regimen.

3.3. Consolidation or Maintenance Immunotherapy after dCRT

The consolidation strategy includes only patients who have completed dCRT
without progression, reducing the complete overlap of acute toxicities but also
introducing selection of treatment completers. All 40 patients in EPOC1802 had
unresectable ESCC; 95% had cT4 disease, and 25% had extra-regional M1 lymph
nodes. Patients were enrolled after dCRT and received atezolizumab for 1 year.
From study enrollment, median PFS and OS were 3.2 months and 31.0 months,
respectively; when retrospectively measured from the start of dCRT, they were 5.5
months and 33.0 months [35]. These two time origins must not be conflated with
those used in concurrent or induction studies.

A single-arm study of consolidative camrelizumab after involved-field dCRT
provides additional feasibility evidence [36]. However, enrollment and follow-up
were conditional on completion of the preceding treatment, and the study has not
resolved the comparative benefit of the post-dCRT consolidation strategy.

SKYSCRAPER-07 randomized 760 patients after completion of dCRT without
progression. Atezolizumab plus tiragolumab did not meet the primary PFS end-
point versus placebo (HR 0.82, 95% CI 0.65 - 1.03; P = 0.0947), and the prespeci-
fied hierarchical testing therefore stopped. Atezolizumab monotherapy showed a
favorable OS signal (HR 0.69, 95% CI 0.52 - 0.91; descriptive P = 0.0085) and PFS
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signal (HR 0.74, 95% CI 0.58 - 0.93), but both are descriptive results under the
prespecified multiplicity framework [37]. This qualification preserves the positive
signal for monotherapy while avoiding its interpretation as confirmatory evidence

that all patients should routinely receive consolidation therapy.

3.4. Pivotal Phase III Studies and Boundaries of the Evidence

KEYNOTE-975 includes squamous cell carcinoma and adenocarcinoma of the
esophagus or gastroesophageal junction and therefore involves a histologically
mixed population. EFS is measured from randomization, and its endpoint in-
cludes protocol-defined radiographic local, regional, or distant progression or re-
currence and death [38] [39]. Before the sample size, interaction test, and results
for the prespecified unresectable ESCC subgroup are formally reported, conclu-
sions for this specific subgroup cannot be drawn solely from results in the overall
or mixed-histology population. RATIONALE-311, KUNLUN, and ESCORT-CRT
focus on ESCC, but “inoperability” in some protocols may still include refusal of
surgery or other nonanatomical reasons [40]-[42]. Final reports should therefore
present the anatomically unresectable subgroup separately and report its PFS/EFS,

OS, and local control outcomes using consistent time origins.

Table 1. Representative Prospective Studies and Interpretation of Results.

Study and population

Treatment regimen

Main results Time origin and interpretation

Camrelizumab phase Ib [25]
20 patients with ESCC;
insufficient stratification of

anatomical status

EC-CRT-001 [27] [28]

42 patients with ESCC;

mixed nonoperative
population

NOBEL [29]

25 patients with resectable
and 16 with unresectable

ESCC

ImpactCRT [32]

49 patients with ESCC;

mixed nonoperative

population; 16 with M1
supraclavicular lymph nodes

EC-CRT-002 [33] [34]
57 patients in each
randomized group;

nonoperative eligibility

criteria

ICI concurrent with

Toripalimab combined
with dCRT, continued

1-year OS/PFS rates: Time origin not specified here;

dCRT 85%/80% single-arm feasibility evidence

cCR assessed 3 months after CRT;

cCR 62%; 3-year OS/PFS .
survival measured from enrollment;
rates: 44.8%/35.7%

for up to 1 year mixed overall population

Nivolumab combined
with dCRT and
maintenance

2 cycles of induction
chemotherapy plus
immunotherapy
followed by dCRT

4 cycles of tislelizumab
during induction and
concurrent treatment,

followed by 12
maintenance cycles or
no maintenance

Unresectable subgroup:
cCR 56%, 1-year OS rate
81.3%

ITT 1-year OS/PES rates:
85.7%/71.4%

1-year PFS rates
with/without
maintenance:
52.6%/71.9%; see Section
3.2 for CIs and historical
comparisons

Protocol-defined cCR window;
survival measured from enrollment;
subgroup results used

Primary endpoint assessed in 46 per-
protocol patients; survival time origin
not specified here; no randomized
control

PFS measured from randomization;
historical-control HRs are not HRs
between groups A and B
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Continued

EPOC1802 [35]
40 patients with unresectable
ESCC; 95% cT4

SKYSCRAPER-07 [37]
760 patients with ESCC
without progression after
dCRT

Atezolizumab *
tiragolumab or placebo

Measured from enrollment after

Atezolizumab for 1 year ~ Median PFS/OS: 3.2/31.0 dCRT; 5.5/33.0 months when
after dCRT months retrospectively measured from the
start of dCRT
Dual-immunotherapy Measured from randomization after

group: PFS HR 0.82 (95% dCRT; first primary endpoint not
CI0.65-1.03); P =0.0947  met; monotherapy results descriptive

Note: Abbreviations: cCR, clinical complete response; CI, confidence interval; HR, hazard ratio; ITT, intention-to-treat; NR, not

explicitly reported in the reviewed materials. Population classification follows Section 1.1. The cCR assessment window differs from

the time origin of survival endpoints; NR does not mean that the study did not collect the endpoint. This review did not calculate

pooled effects or indirect comparative effects.

4. Response Assessment and Candidate Biomarkers

cCR should be assessed within a prespecified time window by integrating con-
trast-enhanced CT, PET/CT, endoscopy, and biopsies from multiple sites, with
reporting of the assessors, criteria, and missing data. Inflammation after radio-
therapy may cause wall thickening or increased metabolic uptake, and negative
superficial biopsies cannot completely exclude residual disease within the wall.
Therefore, cCR cannot replace PFS/EFS, OS, or local control. Cross-study com-
parisons should first align the populations, treatment completion status, and end-
point time origins.

An association between a biomarker and response or survival in a cohort re-
ceiving the same treatment may suggest prognostic or monitoring value. Predict-
ing differences in benefit between treatments is a stronger conclusion and requires
comparative treatment data and a well-designed treatment-by-biomarker interac-
tion analysis. PD-L1 remains a candidate marker in the setting of dCRT combined
with an ICI. Among the 35 patients in EPOC1802 with evaluable PD-L1 tumor
proportion scores (TPS), cCR rates were 44.4% and 41.2% for TPS < 1% and 2
1%, respectively, with no significant association [35].

The title of the EC-CRT-001 translational study did use the term “predictive
role” for circulating tumor DNA (ctDNA) [43]. Its design was an exploratory anal-
ysis of a single-arm trial: 42 patients provided 118 blood samples and 35 tissue
samples. Patients who were ctDNA-negative after CRT had a higher cCR rate than
those who were positive, at 21/27 (78%) and 3/10 (30%), respectively, P = 0.017;
post-CRT ctDNA positivity was associated with worse PFS (HR 2.88, 95% CI 1.21
- 6.83) and OS (HR 3.67, 95% CI 1.41 - 9.55). The study had no dCRT-alone con-
trol and did not demonstrate differential benefit from toripalimab through a treat-
ment-by-ctDNA interaction. It therefore supports prediction of outcomes within
the cohort receiving combination treatment and dynamic monitoring, but does
not validate ctDNA for determining the additional benefit of adding an ICI or
deciding treatment duration. PET/CT response and systemic inflammatory mark-
ers likewise remain investigational for treatment selection [44]-[47].
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5. Safety and Management of Major Adverse Events
5.1. Safety across Treatment Strategies

Table 2 compares reported severe toxicity, treatment delivery, fistula, and treat-
ment-related death. These data are descriptive observations and cannot be used
to rank the safety of the three strategies. Concurrent studies include the acute CRT
phase, induction studies add an earlier period of treatment exposure, and consol-
idation studies begin counting events only after further selection among patients
who have completed dCRT. Differences in the extent of T4b invasion, radiation
dose, laboratory monitoring, adverse-event attribution, and safety-analysis de-
nominators can substantially affect the reported incidence. In particular, the inci-
dence of severe lymphopenia must not be equated with the overall incidence of

clinically symptomatic severe toxicity.

Table 2. Descriptive Safety Comparison of Representative Treatment Strategies.

Strategy and
study

Severe toxicity

Treatment delivery or
discontinuation

Fistula

Treatment-
related death

Concurrent
combination
EC-CRT-001 [27]
n=42

Induction
followed by dCRT
ImpactCRT [32]
n = 49; full-course
safety n = 46

Post-dCRT
consolidation
EPOC1802 [35]
n =40

Post-dCRT
consolidation
SKYSCRAPER-07
[37]

Safety n = 755

G=3 lymphopenia: 36/42
(86%); an individual
toxicity, not the overall
AE rate

G=3 lymphopenia: 46/46
(100%); G=3 esophagitis:
2/46 (4.3%)

G=3 pneumonitis: 2/40
(5%); overall G=3 AE
rate not reported in the
main text

G3-4 TRAEs: 16.1% with
dual immunotherapy,
9.6% with atezolizumab,
9.6% with placebo

40/42 (95%) completed
planned CRT; the abstract
did not separately report the
rate of discontinuation due
to toxicity

Radiotherapy stopped early
in 1/46 (2.2%) due to
endotoxic shock; concurrent
chemotherapy stopped early
in 2/46 (4.3%)

11/40 completed; 23/40
stopped due to progression;
the main text did not
separately report the rate of
discontinuation due to AEs

Rates of treatment

withdrawal due to AEs: 9.1%,

6.8%, and 4.0%, respectively

G2-3 fistula: 6/42 (14%)

No cases reported

1 patient with post-CRT
tracheal fistula excluded
before enrollment; post-
enrollment incidence not
separately reported in the
main text

Not reported as a
separate endpoint in the
reviewed abstract

1/42 (2%);
pneumonia

1/46 (2.2%);
infection after
bone marrow

suppression

0/40

1.2%, 0.8%, and
1.6%,
respectively

AE, adverse event; TRAE, treatment-related adverse event; G, grade; NR, not sep-
arately reported in the main text or available abstract. NR does not equal 0. Percent-
ages retain the analysis populations of the original reports, and overall adverse
events are distinguished from individual toxicities. Failure to complete treatment

cannot invariably be attributed to toxicity; events occurring before enrollment for
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consolidation cannot be counted as events during consolidation treatment.

In EC-CRT-002, G=3 adverse events occurred in 86.0% of the maintenance
group and 80.7% of the nonmaintenance group, with corresponding rates of se-
vere lymphopenia of 77.2% and 73.7% [33]. These data alone cannot establish the
reasons for the difference in efficacy. Safety after dCRT is also affected by eligibil-
ity criteria: before atezolizumab was initiated, EPOC1802 excluded 1 patient with
a tracheal fistula after CRT and some patients with persistent, unresolved CRT-
related toxicity [35]. The absence of fistula in a small, selected cohort cannot
demonstrate that immunotherapy prevents fistula.

5.2. Assessment and Management

Safety data should retain the version of the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) used in each original study;
historical v4.0 or v5.0 events should not be retrospectively regraded using a later
version [48]. Management should distinguish CRT-related injury, immune-re-
lated adverse events (irAEs), infection, and tumor progression. Table 3 summa-

rizes the main differential diagnoses and the basis for management.

Table 3. Major adverse events and management principles.

Main manifestations or

Event
risks

Differential assessment Management principles

Esophagitis and
nutritional injury

Odynophagia, inadequate
intake, obstruction,

. . Grading, analgesia, mucosal protection,
Infection, progression, drug- 7 .

. . nutritional screening, and enteral
related inflammation

malnutrition nutrition when necessary [49] [50]
Stop the relevant treatment; no oral
T4b, ulceration, Contrast-enhanced CT; . p . .
. . . L. R . intake, anti-infective treatment,
Fistula or bleeding airway/aortic invasion; contrast studies, endoscopy,

choking, fever, hemoptysis ~ or bronchoscopy as needed

nutritional support, and urgent
multidisciplinary assessment [51] [52]

Grade-based ICI withholding,

Cough, dyspnea, Infection, embolism, heart . . o
. o . ) corticosteroids, and specialist assessment;
Pneumonitis hypoxemia; in-field or failure, progression; correlate . . .
. . . . permanent ICI discontinuation for G3-4
multifocal opacities with the radiotherapy plan

Bone marrow
suppression and

Decreased leukocytes,
platelets, or lymphocytes

immune-related pneumonitis [53]-[56]

o Monitor blood counts, reduce the dose or

Chemotherapy, radiation . )
withhold treatment according to grade,

exposure, other drugs, . . . o
manage infection, and optimize radiation

lymphopenia infection
ymphop exposure
L Stabilize emergencies and replace deficient
Thyroid, pituitary, or . . .
.. . Drug effects and pre-existing ~ hormones; controlled endocrinopathies
Endocrine irAEs adrenal dysfunction, or

hyperglycemia

irAEs in other
systems

uncommon myocarditis or

Hepatitis, colitis, rash;

neurological injury

endocrine disease do not invariably require permanent ICI
discontinuation [55] [56]

Grade according to the affected organ;
Infection, underlying disease, withhold ICI, administer corticosteroids,
and other drugs and provide specialist management when
necessary [55] [56]
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Suspected immune-related pneumonitis should first be graded according to
CTCAE. Grade 1 refers to radiographic changes without symptoms and requires
close monitoring; ICIs may be temporarily withheld, with reassessment of symp-
toms, oxygen saturation, and chest CT. For grade 2 pneumonitis with symptoms
requiring medical intervention, ICIs should be withheld; prednisone 1 - 2
mg/kg/day or an equivalent dose is commonly used and tapered over at least 4 - 6
weeks after improvement. If infection has not been excluded, pathogen testing
should be performed concurrently, with empirical anti-infective treatment when
appropriate. Grade 3 pneumonitis involves severe symptoms, impairment of self-
care, or a need for supplemental oxygen; grade 4 is life-threatening. Both require
hospitalization, permanent discontinuation of ICIs, and intravenous methylpred-
nisolone 1 - 2 mg/kg/day. If there is no improvement within 48 - 72 hours, a mul-
tidisciplinary team should consider second-line immunosuppressive treatment
such as mycophenolate mofetil or intravenous immunoglobulin [55] [56]. Rechal-
lenge may be considered on an individual basis only after a grade 2 event has com-
pletely or substantially resolved to grade < 1, corticosteroids have been reduced to
a physiological or low dose, and infection has been excluded. Reuse of ICIs is gen-
erally avoided after grade 3 - 4 pneumonitis.

Endocrine irAEs are an exception to the general principle of permanent discon-
tinuation. Emergencies such as adrenal crisis or severe hyperglycemia should first
be stabilized; thyroid, pituitary, or adrenal insufficiency is managed primarily
with appropriate hormone replacement. Resumption of ICIs may be considered
once the condition is stable, and treatment should not be permanently discontin-
ued solely because long-term hormone replacement is needed [55] [56]. High-
dose corticosteroids are generally not used for isolated hypothyroidism. When
adrenal insufficiency is suspected, glucocorticoid deficiency should be corrected
before thyroid hormone replacement is initiated.

Radiation esophagitis and nutritional support likewise require standardized, evi-
dence-based management. Body weight, intake, and swallowing function should
be assessed continuously before and during treatment. Initial measures include
individualized dietary guidance, analgesia, acid suppression and mucosal protec-
tion, and oral nutritional supplements. Enteral nutrition is preferred when gas-
trointestinal function is intact but oral intake remains inadequate; parenteral nu-
trition is considered only when enteral nutrition is not feasible or remains insuf-
ficient [49] [50]. Esophageal stents should not routinely be placed during dCRT
to prevent obstruction. The European Society of Gastrointestinal Endoscopy
(ESGE) recommends covered self-expanding metal stents to seal malignant tra-
cheoesophageal or bronchoesophageal fistulas, but placement before or during
definitive chemoradiotherapy may increase adverse events. Establishing a route
for nutritional support is generally prioritized, with individualized decisions made

by a multidisciplinary team [52].

6. Conclusions

Standardized dCRT remains the treatment backbone for anatomically unresec-
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table locally advanced ESCC. Cross-study comparisons should first align with the
evidence-based reference dose of 50.0 - 50.4 Gy, or explicitly describe the 50 - 60
Gy regimen, IFI/ENI strategy, concurrent chemotherapy regimen, and comple-
tion rate. Only then can the observed benefit be discussed as potentially attribut-
able to ICIs rather than differences in radiotherapy or chemotherapy.
Concurrent, induction, and consolidation or maintenance immunotherapy re-
main under evaluation. Existing studies differ in anatomical eligibility criteria,
endpoint time origins, toxicity reporting, and selection after dCRT. EC-CRT-002
did not establish a universal benefit from prolonged maintenance therapy; alt-
hough SKYSCRAPER-07 showed a favorable descriptive monotherapy signal, it
did not meet the primary endpoint tested first in the hierarchy [33] [37]. Future
studies should report the anatomically unresectable ESCC subgroup separately,
include randomized dCRT controls where appropriate, fully report treatment ex-
posure and severe safety outcomes, and validate treatment-by-biomarker interac-

tions before using biomarkers to select or prolong immunotherapy.

Conflicts of Interest

The authors declare that they have no potential conflicts of interest.

References

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R.L., Soerjomataram, I., et al
(2024) Global Cancer Statistics 2022: GLOBOCAN Estimates of Incidence and Mor-
tality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clini-
cians, 74, 229-263. https://doi.org/10.3322/caac.21834

(2] Han, B,, Zheng, R,, Zeng, H., Wang, S., Sun, K,, Chen, R,, ef al (2024) Cancer Inci-
dence and Mortality in China, 2022. Journal of the National Cancer Center, 4, 47-53.
https://doi.org/10.1016/j.incc.2024.01.006

[3] Yang, H., Wang, F., Hallemeier, C.L., Lerut, T. and Fu, J. (2024) Oesophageal Cancer.
The Lancet, 404, 1991-2005. https://doi.org/10.1016/s0140-6736(24)02226-8

(4] Sun,]., Shen, L., Shah, M.A,, Enzinger, P., Adenis, A., Doi, T, et al (2021) Pembroli-
zumab plus Chemotherapy versus Chemotherapy Alone for First-Line Treatment of
Advanced Oesophageal Cancer (KEYNOTE-590): A Randomised, Placebo-Con-
trolled, Phase 3 Study. The Lancet, 398, 759-771.
https://doi.org/10.1016/s0140-6736(21)01234-4

(5] Doki, Y., Ajani, J.A., Kato, K., Xu, J., Wyrwicz, L., Motoyama, S., et al (2022)
Nivolumab Combination Therapy in Advanced Esophageal Squamous-Cell Carci-
noma. New England Journal of Medicine, 386, 449-462.
https://doi.org/10.1056/nejmoa2111380

[6] Luo,H.,Lu,J.,Bai,Y.,Mao, T., Wang, J., Fan, Q., et al (2021) Effect of Camrelizumab
vs Placebo Added to Chemotherapy on Survival and Progression-Free Survival in Pa-
tients with Advanced or Metastatic Esophageal Squamous Cell Carcinoma: The ES-
CORT-1st Randomized Clinical Trial. JAMA, 326, 916-925.
https://doi.org/10.1001/jama.2021.12836

[7] Rice, T.W,, Patil, D.T. and Blackstone, E.H. (2017) 8th Edition AJCC/UICC Staging
of Cancers of the Esophagus and Esophagogastric Junction: Application to Clinical
Practice. Annals of Cardiothoracic Surgery;, 6, 119-130.

DOI: 10.4236/jct.2026.1710040

494 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2026.1710040
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.1016/s0140-6736(24)02226-8
https://doi.org/10.1016/s0140-6736(21)01234-4
https://doi.org/10.1056/nejmoa2111380
https://doi.org/10.1001/jama.2021.12836

L. Zhang et al.

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

https://doi.org/10.21037/acs.2017.03.14

Kitagawa, Y., Ishihara, R., Ishikawa, H., Ito, Y., Oyama, T., Oyama, T., et al (2023)
Esophageal Cancer Practice Guidelines 2022 Edited by the Japan Esophageal Society:
Part 1. Esophagus, 20, 343-372. https://doi.org/10.1007/s10388-023-00993-2

Cooper, J.S., Guo, M.D., Herskovic, A., Macdonald, J.S., Martenson, Jr, J.A., Al-Sar-

raf, M., et al. (1999) Chemoradiotherapy of Locally Advanced Esophageal Cancer:

Long-Term Follow-Up of a Prospective Randomized Trial (RTOG 85-01). JAMA,

281, 1623-1627. https://doi.org/10.1001/jama.281.17.1623

Hulshof, M.C.C.M., Geijsen, E.D., Rozema, T., Oppedijk, V., Buijsen, J., Neelis, K.].,

et al. (2021) Randomized Study on Dose Escalation in Definitive Chemoradiation for

Patients with Locally Advanced Esophageal Cancer (ARTDECO Study). Journal of
Clinical Oncology, 39, 2816-2824. https://doi.org/10.1200/jc0.20.03697

Minsky, B.D., Pajak, T.F., Ginsberg, R.]., Pisansky, T.M., Martenson, J., Komaki, R.,
et al. (2002) INT 0123 (Radiation Therapy Oncology Group 94-05) Phase III Trial of
Combined-Modality Therapy for Esophageal Cancer: High-Dose versus Standard-
Dose Radiation Therapy. Journal of Clinical Oncology, 20, 1167-1174.
https://doi.org/10.1200/jc0.2002.20.5.1167

Jingu, K., Nihei, K., Ito, Y., Okamoto, M., Doi, H., Ogawa, H., et al (2025) Radiother-
apy Treatment Planning for Esophageal Cancer: JASTRO Guidelines 2024 for Radi-
otherapy Treatment Planning. Journal of Radiation Research, 66, 354-364.
https://doi.org/10.1093/jrr/rraf029

Conroy, T., Galais, M., Raoul, J., Bouché, O., Gourgou-Bourgade, S., Douillard, J., et
al. (2014) Definitive Chemoradiotherapy with FOLFOX versus Fluorouracil and Cis-
platin in Patients with Oesophageal Cancer (PRODIGE5/ACCORD17): Final Results
of a Randomised, Phase 2/3 Trial. The Lancet Oncology, 15, 305-314.
https://doi.org/10.1016/s1470-2045(14)70028-2

Kato, K., Cho, B.C., Takahashi, M., Okada, M., Lin, C., Chin, K., et al (2019)
Nivolumab versus Chemotherapy in Patients with Advanced Oesophageal Squamous
Cell Carcinoma Refractory or Intolerant to Previous Chemotherapy (ATTRAC-
TION-3): A Multicentre, Randomised, Open-Label, Phase 3 Trial. 7he Lancet Oncol-
0gy; 20, 1506-1517. https://doi.org/10.1016/s1470-2045(19)30626-6

Kojima, T., Shah, M.A., Muro, K., Francois, E., Adenis, A., Hsu, C., et al. (2020) Ran-
domized Phase IIl KEYNOTE-181 Study of Pembrolizumab versus Chemotherapy in
Advanced Esophageal Cancer. Journal of Clinical Oncology, 38, 4138-4148.
https://doi.org/10.1200/jc0.20.01888

Golden, E.B., Frances, D., Pellicciotta, I., Demaria, S., Helen Barcellos-Hoff, M. and
Formenti, S.C. (2014) Radiation Fosters Dose-Dependent and Chemotherapy-In-
duced Immunogenic Cell Death. Oncolmmunology, 3, €28518.
https://doi.org/10.4161/0nci.28518

Reits, E.A., Hodge, ].W., Herberts, C.A., Groothuis, T.A., Chakraborty, M., Wansley,
K.E., et al (2006) Radiation Modulates the Peptide Repertoire, Enhances MHC Class
I Expression, and Induces Successful Antitumor Immunotherapy. The Journal of Ex-

perimental Medicine, 203, 1259-1271. https://doi.org/10.1084/jem.20052494

Deng, L., Liang, H., Xu, M., Yang, X., Burnette, B., Arina, A., et al (2014) STING-
Dependent Cytosolic DNA Sensing Promotes Radiation-Induced Type I Interferon-
Dependent Antitumor Immunity in Immunogenic Tumors. /mmunity, 41, 843-852.

https://doi.org/10.1016/j.immuni.2014.10.019

Harding, S.M., Benci, J.L., Irianto, J., Discher, D.E., Minn, A.]. and Greenberg, R.A.
(2017) Mitotic Progression Following DNA Damage Enables Pattern Recognition

DOI: 10.4236/jct.2026.1710040

495 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2026.1710040
https://doi.org/10.21037/acs.2017.03.14
https://doi.org/10.1007/s10388-023-00993-2
https://doi.org/10.1001/jama.281.17.1623
https://doi.org/10.1200/jco.20.03697
https://doi.org/10.1200/jco.2002.20.5.1167
https://doi.org/10.1093/jrr/rraf029
https://doi.org/10.1016/s1470-2045(14)70028-2
https://doi.org/10.1016/s1470-2045(19)30626-6
https://doi.org/10.1200/jco.20.01888
https://doi.org/10.4161/onci.28518
https://doi.org/10.1084/jem.20052494
https://doi.org/10.1016/j.immuni.2014.10.019

L. Zhang et al.

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

within Micronuclei. Nature, 548, 466-470. https://doi.org/10.1038/nature23470

Vanpouille-Box, C., Alard, A., Aryankalayil, M.]., Sarfraz, Y., Diamond, J.M., Schnei-
der, RJ., et al (2017) DNA Exonuclease Trex1 Regulates Radiotherapy-Induced Tu-
mour Immunogenicity. Nature Communications, 8, Article No. 15618.
https://doi.org/10.1038/ncomms15618

Dovedi, S.J., Adlard, A.L., Lipowska-Bhalla, G., McKenna, C., Jones, S., Cheadle, E.J.,
et al. (2014) Acquired Resistance to Fractionated Radiotherapy Can Be Overcome by
Concurrent PD-L1 Blockade. Cancer Research, 74, 5458-5468.
https://doi.org/10.1158/0008-5472.can-14-1258

Marciscano, A.E., Ghasemzadeh, A., Nirschl, T.R., Theodros, D., Kochel, C.M., Fran-
cica, B.]., et al. (2018) Elective Nodal Irradiation Attenuates the Combinatorial Effi-

cacy of Stereotactic Radiation Therapy and Immunotherapy. Clinical Cancer Re-
search, 24, 5058-5071. https://doi.org/10.1158/1078-0432.ccr-17-3427

Deng, W., Xu, C,, Liu, A., van Rossum, P.S.N., Deng, W., Liao, Z., et al. (2019) The
Relationship of Lymphocyte Recovery and Prognosis of Esophageal Cancer Patients
with Severe Radiation-Induced Lymphopenia after Chemoradiation Therapy. Radio-

therapy and Oncology; 133, 9-15. https://doi.org/10.1016/j.radonc.2018.12.002

Demaria, S., Guha, C., Schoenfeld, J., Morris, Z., Monjazeb, A., Sikora, A., et al (2021)
Radiation Dose and Fraction in Immunotherapy: One-Size Regimen Does Not Fit All

Settings, So How Does One Choose? Journal for ImmunoTherapy of Cancer, 9,
€002038. https://doi.org/10.1136/jitc-2020-002038

Zhang, W, Yan, C., Zhang, T., Chen, X., Dong, J., Zhao, J., et al. (2021) Addition of
Camrelizumab to Docetaxel, Cisplatin, and Radiation Therapy in Patients with Lo-

cally Advanced Esophageal Squamous Cell Carcinoma: A Phase 1b Study. Oncolm-
munology, 10, Article ID: 1971418. https://doi.org/10.1080/2162402x.2021.1971418
Park, S., Oh, D., Choi, Y., Chi, S.A., Kim, K., Ahn, M., et al. (2022) Durvalumab and
Tremelimumab with Definitive Chemoradiotherapy for Locally Advanced Esopha-
geal Squamous Cell Carcinoma. Cancer, 128, 2148-2158.
https://doi.org/10.1002/cncr.34176

Zhu, Y., Wen, J., Li, Q., Chen, B., Zhao, L., Liu, S., et al (2023) Toripalimab Com-
bined with Definitive Chemoradiotherapy in Locally Advanced Oesophageal Squa-
mous Cell Carcinoma (EC-CRT-001): A Single-Arm, Phase 2 Trial. 7he Lancet On-
cology, 24, 371-382. https://doi.org/10.1016/s1470-2045(23)00060-8

Wang, R, Ling, Y., Chen, B., Zhu, Y., Hu, Y., Liu, M., et al (2024) Long-Term Sur-
vival and Post-Hoc Analysis of Toripalimab plus Definitive Chemoradiotherapy for
Oesophageal Squamous Cell Carcinoma: Insights from the EC-CRT-001 Phase II
Trial. eClinicalMedicine, 75, Article ID: 102806.
https://doi.org/10.1016/j.eclinm.2024.102806

Nomura, M., Sakanaka, K., Shimizu, J., Ohashi, S., Katada, C., Watanabe, A., et al.
(2026) Nivolumab with Definitive Chemoradiotherapy for Oesophageal Squamous
Cell Carcinoma (NOBEL): A Multicentre, Single-Arm, Phase 2 Feasibility Trial.
eClinicalMedicine, 91, Article ID: 103689.
https://doi.org/10.1016/j.eclinm.2025.103689

Zhang, W., Zhang, T., Chen, X,, Li, J., Gao, L., Jiang, S., et al (2026) Iparomlimab
and Tuvonralimab (QL1706) Combined Definitive Chemoradiotherapy in Patients
with Locally Advanced Esophageal Squamous Cell Carcinoma (QL1706-I1IT-02): A
Single Arm, Phase 2 Trial. eClinicalMedicine, 92, Article ID: 103758.
https://doi.org/10.1016/j.eclinm.2026.103758

Ai, D., Hao, S., Shen, W., Wu, Q., Zhang, S., Chen, Y., et al (2024) Induction Sintili-

DOI: 10.4236/jct.2026.1710040

496 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2026.1710040
https://doi.org/10.1038/nature23470
https://doi.org/10.1038/ncomms15618
https://doi.org/10.1158/0008-5472.can-14-1258
https://doi.org/10.1158/1078-0432.ccr-17-3427
https://doi.org/10.1016/j.radonc.2018.12.002
https://doi.org/10.1136/jitc-2020-002038
https://doi.org/10.1080/2162402x.2021.1971418
https://doi.org/10.1002/cncr.34176
https://doi.org/10.1016/s1470-2045(23)00060-8
https://doi.org/10.1016/j.eclinm.2024.102806
https://doi.org/10.1016/j.eclinm.2025.103689
https://doi.org/10.1016/j.eclinm.2026.103758

L. Zhang et al.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

mab and Chemotherapy Followed by Concurrent Chemoradiotherapy for Locally
Advanced Esophageal Cancer: A Proof-of-Concept, Single-Arm, Multicenter, Phase
2 Trial. eClinicalMedicine, 69, Article ID: 102471.
https://doi.org/10.1016/j.eclinm.2024.102471

Peng, F., Wu, J,, Lian, H., Wu, S., Niu, S., Xing, X., et al (2025) Induction Chemo-
therapy plus Camrelizumab Followed by Concurrent Chemoradiotherapy in Unre-
sectable Locally Advanced Esophageal Squamous Cell Carcinoma: A Single-Arm
Phase II Trial. Nature Communications, 16, Article ID: 10292.
https://doi.org/10.1038/s41467-025-65206-z

Chen, B, Liu, S., Zhu, Y., Zhang, J., Bao, Y., Meng, F., et al (2026) Tislelizumab Com-
bined with Induction Chemotherapy and Concurrent Chemoradiotherapy in Locally
Advanced Esophageal Squamous Cell Carcinoma: A Multicenter, Randomized, Phase
II Trial (EC-CRT-002). Journal of Clinical Oncology, 44, 1508-1519.
https://doi.org/10.1200/jco-25-03044

ClinicalTrials.gov (2026) Induction Chemotherapy Followed by Concurrent Chemo-
radiotherapy with Tislelizumab in Locally Advanced Esophageal Squamous Cell Car-
cinoma (EC-CRT-002). NCT05520619.
https://clinicaltrials.gov/study/NCT05520619

Bando, H., Kumagai, S., Kotani, D., Mishima, S., Irie, T., Itahashi, K., et al (2025)
Atezolizumab Following Definitive Chemoradiotherapy in Patients with Unresec-
table Locally Advanced Esophageal Squamous Cell Carcinoma—A Multicenter Phase
2 Trial (EPOC1802). Nature Cancer, 6, 445-459.
https://doi.org/10.1038/s43018-025-00918-1

Cheng, Y., Wang, J.,, Lv, X,, Liu, Q., Wu, Y., Liu, Y., et al (2026) Consolidative
Camrelizumab Following Definitive Concurrent Chemoradiation Therapy with In-
volved-Field Irradiation in Locally Advanced Esophageal Squamous Cell Carcinoma:
A Single-Arm Phase 2 Trial. International Journal of Radiation Oncology Biology
Physics, 126, 672-686. https://doi.org/10.1016/j.ijrobp.2026.04.026

Xu, R.H., Cho, B.C., Chen, M., Muro, K., Wyrwicz, L., Li, B., et al. (2026) Atezoli-
zumab with or without Tiragolumab in Unresectable Esophageal Squamous Cell Car-
cinoma Following Definitive Concurrent Chemoradiotherapy (SKYSCRAPER-07): A
Randomised, Phase III Study. Annals of Oncology.
https://doi.org/10.1016/j.annonc.2026.07.413

Shah, M.A., Bennouna, J., Doi, T., Shen, L., Kato, K., Adenis, A., et al. (2021) KEY-
NOTE-975 Study Design: A Phase III Study of Definitive Chemoradiotherapy plus
Pembrolizumab in Patients with Esophageal Carcinoma. Future Oncology, 17, 1143-
1153. https://doi.org/10.2217/fon-2020-0969

Merck & Co., Inc. (2026) Merck & Co., Inc., Rahway, N.J., USA Announces First-
Quarter 2026 Financial Results; Highlights Significant Regulatory Approvals and

Clinical Milestones.
https://www.merck.com/wp-content/uploads/sites/124/2026/04/1Q26-Merck-Earn-
ings-Announcement.pdf#page=8

Yu, R, Wang, W,, Li, T,, Li, J., Zhao, K., Wang, W., et al (2021) RATIONALE 311:
Tislelizumab plus Concurrent Chemoradiotherapy for Localized Esophageal Squa-

mous Cell Carcinoma. Future Oncology, 17, 4081-4089.
https://doi.org/10.2217/fon-2021-0632

Wang, L., Chen, M., Kato, K., Wyrwicz, L., Smyth, E.C,, Jiang, A., et al (2022) A
Phase 3 Randomized, Double-Blind, Placebo-Controlled, Multicenter, Global Study
of Durvalumab with and after Chemoradiotherapy in Patients with Locally Ad-

DOI: 10.4236/jct.2026.1710040

497 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2026.1710040
https://doi.org/10.1016/j.eclinm.2024.102471
https://doi.org/10.1038/s41467-025-65206-z
https://doi.org/10.1200/jco-25-03044
https://clinicaltrials.gov/study/NCT05520619
https://doi.org/10.1038/s43018-025-00918-1
https://doi.org/10.1016/j.ijrobp.2026.04.026
https://doi.org/10.1016/j.annonc.2026.07.413
https://doi.org/10.2217/fon-2020-0969
https://www.merck.com/wp-content/uploads/sites/124/2026/04/1Q26-Merck-Earnings-Announcement.pdf#page=8
https://www.merck.com/wp-content/uploads/sites/124/2026/04/1Q26-Merck-Earnings-Announcement.pdf#page=8
https://doi.org/10.2217/fon-2021-0632

L. Zhang et al.

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

vanced, Unresectable Esophageal Squamous Cell Carcinoma: KUNLUN. Journal of
Clinical Oncology, 40, TPS373. https://doi.org/10.1200/jc0.2022.40.4 suppl.tps373

ClinicalTrials.gov (2021) Study of Camrelizumab (SHR-1210) in Combination with Con-
current Chemoradiotherapy in Locally Advanced Esophageal Cancer. NCT04426955.
https://clinicaltrials.gov/study/NCT04426955

Chen, B, Liu, S., Zhu, Y., Wang, R,, Cheng, X., Chen, B., et al. (2024) Predictive Role
of ctDNA in Esophageal Squamous Cell Carcinoma Receiving Definitive Chemora-
diotherapy Combined with Toripalimab. Nature Communications, 15, Article No.
1919. https://doi.org/10.1038/s41467-024-46307-7

Azad, T.D., Chaudhuri, A.A., Fang, P., Qiao, Y., Esfahani, M.S., Chabon, J.J., et al
(2020) Circulating Tumor DNA Analysis for Detection of Minimal Residual Disease
after Chemoradiotherapy for Localized Esophageal Cancer. Gastroenterology;, 158,
494-505.¢6. https://doi.org/10.1053/j.gastro.2019.10.039

Wang, R, Liu, S., Chen, B, Li, Q., Cheng, X., Zhu, Y., et al. (2024) Prognostic Signif-
icance of PET/CT and Its Association with Immuno-Genomic Profiling in Oesopha-

geal Squamous Cell Carcinoma Treated with Immunotherapy Plus Chemoradiother-
apy: Results from a Phase II Study. British Journal of Cancer, 131, 709-717.
https://doi.org/10.1038/s41416-024-02779-4

Zhou, X.L., Li, Y.Q., Zhu, W.G., Yu, C., Song, Y., Wang, W., et al (2017) Neutrophil-
to-Lymphocyte Ratio as a Prognostic Biomarker for Patients with Locally Advanced
Esophageal Squamous Cell Carcinoma Treated with Definitive Chemoradiotherapy.
Scientific Reports, 7, Article No. 42581. https://doi.org/10.1038/srep42581

Cheng, X., Luo, K., Gao, Y., Wang, R, Liu, S., Li, Q., ef a/ (2025) Pan-Immune-In-
flammation Value Predicts Survival of Patients with Oesophageal Squamous Cell
Carcinoma Receiving Immunotherapy and Chemoradiotherapy: A Pooled Analysis
of Two Phase II Trials. Annals of Medicine, 57, Article ID: 2576639.
https://doi.org/10.1080/07853890.2025.2576639

National Cancer Institute (2026) Common Terminology Criteria for Adverse Events
(CTCAE) v6.0. https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events

Muscaritoli, M., Arends, J., Bachmann, P., Baracos, V., Barthelemy, N., Bertz, H., et
al. (2021) ESPEN Practical Guideline: Clinical Nutrition in Cancer. Clinical Nutri-
tion, 40, 2898-2913. https://doi.org/10.1016/j.clnu.2021.02.005

Yang, C., Wang, J. and Yuan, S. (2023) Chinese Clinical Practice Guidelines for the
Prevention and Treatment of Radiation-Induced Esophagitis. Precision Radiation
Oncology, 7, 225-236. https://doi.org/10.1002/pro6.1210

Chen, B., Deng, M., Yang, C., Dragomir, M.P., Zhao, L., Bai, K., et al (2021) High
Incidence of Esophageal Fistula on Patients with Clinical T4b Esophageal Squamous
Cell Carcinoma Who Received Chemoradiotherapy: A Retrospective Analysis. Radi-
otherapy and Oncology, 158, 191-199. https://doi.org/10.1016/j.radonc.2021.02.031

Spaander, M.C.W., van der Bogt, R.D., Baron, T.H., Albers, D., Blero, D., de Ceglie,
A., et al. (2021) Esophageal Stenting for Benign and Malignant Disease: European
Society of Gastrointestinal Endoscopy (ESGE) Guideline—Update 2021. Endoscopy;,

53, 751-762. https://doi.org/10.1055/a-1475-0063

Asakura, H., Hashimoto, T., Zenda, S., Harada, H., Hirakawa, K., Mizumoto, M., et
al. (2010) Analysis of Dose-Volume Histogram Parameters for Radiation Pneumon-
itis after Definitive Concurrent Chemoradiotherapy for Esophageal Cancer. Radio-

therapy and Oncology; 95, 240-244. https://doi.org/10.1016/j.radonc.2010.02.006
Lv, X., Wu, Y,, Li, Q., Zheng, C,, Lin, Q., Pang, Q., ef al (2024) Treatment-Related

DOI: 10.4236/jct.2026.1710040

498 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2026.1710040
https://doi.org/10.1200/jco.2022.40.4_suppl.tps373
https://clinicaltrials.gov/study/NCT04426955
https://doi.org/10.1038/s41467-024-46307-7
https://doi.org/10.1053/j.gastro.2019.10.039
https://doi.org/10.1038/s41416-024-02779-4
https://doi.org/10.1038/srep42581
https://doi.org/10.1080/07853890.2025.2576639
https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events
https://doi.org/10.1016/j.clnu.2021.02.005
https://doi.org/10.1002/pro6.1210
https://doi.org/10.1016/j.radonc.2021.02.031
https://doi.org/10.1055/a-1475-0063
https://doi.org/10.1016/j.radonc.2010.02.006

L. Zhang et al.

(55]

(56]

Pneumonitis after Thoracic Radiotherapy/Chemoradiotherapy Combined with Anti-
PD-1 Monoclonal Antibodies in Advanced Esophageal Squamous Cell Carcinoma.
Strahlentherapie und Onkologie, 200, 857-866.
https://doi.org/10.1007/s00066-024-02199-6

Schneider, B.]., Naidoo, J., Santomasso, B.D., Lacchetti, C., Adkins, S., Anadkat, M.,

et al. (2021) Management of Immune-Related Adverse Events in Patients Treated

with Immune Checkpoint Inhibitor Therapy: ASCO Guideline Update. Journal of
Clinical Oncology, 39, 4073-4126. https://doi.org/10.1200/jc0.21.01440

Brahmer, J.R., Abu-Sbeih, H., Ascierto, P.A., Brufsky, J., Cappelli, L.C., Cortazar, F.B.,

et al. (2021) Society for Immunotherapy of Cancer (SITC) Clinical Practice Guideline

on Immune Checkpoint Inhibitor-Related Adverse Events. Journal for InmunoTher-

apy of Cancer, 9, €002435. https://doi.org/10.1136/jitc-2021-002435

DOI: 10.4236/jct.2026.1710040

499 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2026.1710040
https://doi.org/10.1007/s00066-024-02199-6
https://doi.org/10.1200/jco.21.01440
https://doi.org/10.1136/jitc-2021-002435

	Advances in Immune Checkpoint Inhibitors Combined with Definitive Concurrent Chemoradiotherapy for Unresectable Locally Advanced Esophageal Squamous Cell Carcinoma
	Abstract
	Keywords
	1. Introduction
	1.1. Scope of the Review and Operational Definition of Unresectability
	1.2. Information Sources and Study Selection

	2. Foundations of Definitive Concurrent Chemoradiotherapy and Immunotherapy
	2.1. Standard dCRT Reference Regimen
	2.2. Immune Checkpoint Inhibitor Monotherapy
	2.3. Rationale for Combining Radiotherapy with Immunotherapy

	3. Three Strategies for Combining dCRT with Immunotherapy
	3.1. ICIs Concurrent with dCRT
	3.2. Induction Chemotherapy Plus Immunotherapy Followed by dCRT
	3.3. Consolidation or Maintenance Immunotherapy after dCRT
	3.4. Pivotal Phase III Studies and Boundaries of the Evidence

	4. Response Assessment and Candidate Biomarkers
	5. Safety and Management of Major Adverse Events
	5.1. Safety across Treatment Strategies
	5.2. Assessment and Management

	6. Conclusions
	Conflicts of Interest
	References

