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Abstract
Purpose
Evidence on the practical delivery of adjuvant nivolumab after neoadjuvant chemotherapy and
esophagectomy remains limited. We described treatment initiation and completion in routine practice
and explored their associations with postoperative complications.

Methods
This single-center retrospective study included 25 patients who initiated adjuvant nivolumab after
neoadjuvant treatment and R0 esophagectomy in 2022–2025. Twenty patients treated with
postoperative S-1 in 2011–2023 constituted a nonconcurrent, descriptive reference cohort. The
outcomes were time from surgery to treatment initiation, 1-year treatment completion, reasons for
discontinuation, and adverse events. Survival analyses were exploratory.

Results
Median time to treatment initiation was 77 days with nivolumab and 67 days with S-1. Among nivolumab
recipients, the median interval was longer in patients with Clavien–Dindo grade ≥II complications than in
those without (113.0 vs 69.5 days; p = 0.008), and in those with grade ≥III complications than in those
without (132.0 vs 74.5 days; p = 0.027). Ten of 25 patients (40.0%) completed 1 year of nivolumab; one
was still receiving treatment at the cutoff. Recurrence and adverse events each led to discontinuation in
six patients (24.0%). Grade ≥3 immune-related adverse events occurred in six patients (24.0%).

Conclusion
Among patients who started adjuvant nivolumab, postoperative complications were associated with
later treatment initiation, and recurrence and adverse events frequently prevented completion. These
descriptive findings require confirmation in larger multicenter cohorts and do not establish the impact of
treatment timing on survival.

Introduction
Esophageal cancer remains associated with a high risk of recurrence after curative surgery. In Japan,
neoadjuvant chemotherapy (NAC) followed by esophagectomy is the standard treatment for locally
advanced esophageal squamous cell carcinoma (ESCC). The JCOG9907 trial established preoperative
cisplatin plus 5-fluorouracil (CF) as the standard strategy [1], and the subsequent JCOG1109 (NExT) trial
demonstrated an overall survival benefit of docetaxel, cisplatin, and 5-fluorouracil (DCF) over CF [2].
Despite these advances, patients with residual pathological disease after NAC remain at high risk of
recurrence.

The CheckMate 577 trial demonstrated that adjuvant nivolumab prolonged disease-free survival
compared with placebo in patients with residual pathological disease after neoadjuvant
chemoradiotherapy and R0 resection (median, 22.4 vs. 11.0 months; hazard ratio, 0.69; 95% confidence
interval, 0.56–0.86) [3]. However, CheckMate 577 evaluated nivolumab after chemoradiotherapy,
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whereas NAC, particularly DCF, is commonly used for ESCC in Japan [2, 3]. Thus, evidence for adjuvant
nivolumab after NAC and esophagectomy remains limited.

More recently, a nationwide real-world matched study from the Netherlands reported improved overall
survival with adjuvant nivolumab after neoadjuvant chemoradiotherapy and resection. After propensity
score matching, 308 patients were included in each group; the 2-year OS rate was 66.8% with nivolumab
and 58.8% without adjuvant nivolumab (hazard ratio, 0.75; 95% confidence interval, 0.60–0.97) [4]. These
data support the effectiveness of adjuvant nivolumab in routine clinical practice after
chemoradiotherapy, but evidence regarding treatment deliverability after NAC remains limited.

S-1 has also been investigated as postoperative therapy after NAC. The phase II PIECE trial reported 3-
year recurrence-free survival (RFS) and overall survival (OS) rates of 72.3% and 85.0%, respectively [5].
We previously reported the feasibility of postoperative S-1, with a 12-month treatment continuation rate
of 80% and a median relative dose intensity of 100% among patients who received NAC [6]. The ongoing
phase III JCOG2206 (SUNRISE) trial is comparing observation, adjuvant nivolumab, and adjuvant S-1
after NAC and curative esophagectomy [7].

Beyond efficacy, whether adjuvant therapy can be initiated and sustained after esophagectomy is an
important clinical issue. Postoperative complications may delay treatment initiation, while adverse
events and early recurrence may limit treatment continuation. Real-world data on the deliverability of
adjuvant nivolumab after NAC remain scarce. We therefore evaluated adjuvant nivolumab after
neoadjuvant therapy and curative esophagectomy, focusing on the impact of postoperative
complications on treatment initiation and completion. A historical S-1 cohort was included as an
exploratory reference.

Materials and Methods

Study Design and Patients
This single-center retrospective cohort study was conducted at the study institution. We reviewed
patients with esophageal cancer who underwent curative esophagectomy after neoadjuvant therapy and
subsequently received adjuvant therapy.

The nivolumab cohort included 25 consecutive patients with residual pathological disease who received
adjuvant nivolumab between January 2022 and December 2025. The historical S-1 cohort was selected
from 41 patients who received postoperative S-1 between January 2011 and December 2023. Of the 41
patients, 16 patients who had not received NAC and five patients who achieved a pathological complete
response (pCR) after NAC were excluded, leaving 20 patients with residual pathological disease after
NAC and curative resection for the present analysis. This cohort differed from that in our previous S-1
feasibility study [6].
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The study was approved by the Institutional Review Board of the institutional ethics committee (approval
nos. 1120 and 2023-001) and conducted in accordance with the Declaration of Helsinki. Because this
was a retrospective study using existing clinical data, the requirement for written informed consent was
waived, and patients were provided the opportunity to opt out of the study.

Neoadjuvant Treatment and Surgery
Neoadjuvant regimens included docetaxel, cisplatin, and 5-fluorouracil (DCF); cisplatin and 5-fluorouracil
(CF); and chemoradiotherapy.

All patients underwent curative esophagectomy with regional lymphadenectomy and achieved R0
resection. The thoracic procedure was performed by robot-assisted minimally invasive esophagectomy
(RAMIE) or video-assisted thoracoscopic esophagectomy (VATS) in the nivolumab cohort and by VATS in
the S-1 cohort.

Postoperative Adjuvant Therapy
Adjuvant nivolumab was initiated after postoperative recovery and administered at 480 mg every 4
weeks for up to 1 year unless discontinued because of recurrence, adverse events, patient preference, or
other clinical reasons.

Postoperative S-1 was administered orally and was planned to be continued for 1 year according to the
treatment strategy used during the historical study period.

Postoperative Complications
Postoperative complications before adjuvant therapy initiation were classified according to the Clavien–
Dindo (CD) classification. CD grade ≥ II complications were defined as clinically relevant and CD grade ≥ 
III complications as severe.

The interval from surgery to adjuvant therapy initiation was compared according to the presence or
absence of CD grade ≥ II and ≥ III complications within each cohort.

Treatment Deliverability and Safety
Treatment deliverability was assessed by the interval from surgery to adjuvant therapy initiation,
completion of the planned 1-year treatment, and reasons for discontinuation.

For nivolumab, reasons for discontinuation included adverse events, recurrence, and patient preference.
Immune-related adverse events (irAEs) were graded according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 5.0, and evaluated as any grade and grade ≥ 3.
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Oncological Outcomes and Follow-up
Recurrence-free survival (RFS) was defined as the interval from surgery to recurrence or death from any
cause, whichever occurred first. Overall survival (OS) was defined as the interval from surgery to death
from any cause. Patients without an event were censored at the date of their last follow-up. Clinical
outcomes were assessed through March 31, 2026.

Comparisons between the nivolumab and historical S-1 cohorts were exploratory because of the
retrospective design, small sample size, and differences in treatment era and baseline characteristics.

Statistical Analysis
Continuous variables are presented as medians with interquartile ranges or ranges and categorical
variables as numbers and percentages. Continuous and categorical variables were compared using the
Mann–Whitney U test and Fisher's exact test, respectively.

RFS and OS were estimated using the Kaplan–Meier method and compared using the log-rank test. All
tests were two-sided, with p < 0.05 considered statistically significant. No adjustment for multiple
comparisons was performed. Analyses were performed using JMP (SAS Institute Inc., Cary, NC, USA).

Results

Patient Characteristics
A total of 45 patients were included in the present analysis: 25 in the nivolumab cohort and 20 in the
historical S-1 cohort. The median age was 70 years (range, 50–79) in the nivolumab cohort and 68.5
years (range, 51–78) in the S-1 cohort. Men accounted for 96.0% (24/25) and 85.0% (17/20) of the
respective cohorts.

In the nivolumab cohort, neoadjuvant treatment consisted of DCF in 17 patients (68.0%), CF in one
(4.0%), chemoradiotherapy in two (8.0%), and other regimens in five (20.0%). Other neoadjuvant
regimens included docetaxel, oxaliplatin, and S-1 (DOS) and 5-fluorouracil plus oxaliplatin (FOLFOX).
RAMIE was performed in 14 patients (56.0%) and VATS in 11 (44.0%). Pathological lymph node
metastases (pN+) were present in 21 patients (84.0%), and 15 (60.0%) had pathological stage III–IV
disease. In the historical S-1 cohort, pN+ disease was present in 16 patients (80.0%), and nine (45.0%)
had pathological stage III–IV disease.

The median interval from surgery to adjuvant therapy initiation was 77 days (IQR, 71–132) in the
nivolumab cohort and 67 days (IQR, 56–90) in the S-1 cohort. Baseline clinicopathological
characteristics are summarized in Table 1.
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Table 1
Baseline clinicopathological characteristics

Characteristic Nivolumab (n = 25) Historical S-1 (n = 20)

Age, years, median (range) 70 (50–79) 68.5 (51–78)

Male sex, n (%) 24 (96.0) 17 (85.0)

Neoadjuvant treatment, n (%)    

DCF 17 (68.0) 6 (30.0)

CF 1 (4.0) 10 (50.0)

Chemoradiotherapy 2 (8.0) 4 (20.0)

Other 5 (20.0) 0

Surgical approach, n (%)    

RAMIE 14 (56.0) 0

VATS 11 (44.0) 20 (100)

pN+, n (%) 21 (84.0) 16 (80.0)

pStage III–IV, n (%) 15 (60.0) 9 (45.0)

CD grade ≥ II complications, n (%) 17 (68.0) 10 (50.0)

CD grade ≥ III complications, n (%) 9 (36.0) 2 (10.0)

Surgery-to-adjuvant interval, days, median (IQR) 77 (71–132) 67 (56–90)

Abbreviations: CF, cisplatin plus 5-fluorouracil; CD, Clavien–Dindo; DCF, docetaxel, cisplatin, and 5-
fluorouracil; IQR, interquartile range; RAMIE, robot-assisted minimally invasive esophagectomy; VATS,
video-assisted thoracoscopic esophagectomy.

Postoperative Complications and Timing of Adjuvant
Therapy
CD grade ≥ II complications occurred in 17 of 25 patients (68.0%) in the nivolumab cohort and 10 of 20
patients (50.0%) in the S-1 cohort.

In the nivolumab cohort, patients with CD grade ≥ II complications had a significantly longer interval from
surgery to adjuvant therapy initiation than those with CD grade < II complications (median, 113.0 vs. 69.5
days; p = 0.008). In the S-1 cohort, the corresponding intervals were 78.5 and 64.0 days, respectively, with
no significant difference (p = 0.198).

CD grade ≥ III complications occurred in nine of 25 patients (36.0%) in the nivolumab cohort and two of
20 patients (10.0%) in the S-1 cohort. In the nivolumab cohort, the interval to treatment initiation was
significantly longer in patients with CD grade ≥ III complications than in those with CD grade < III
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complications (median, 132.0 vs. 74.5 days; p = 0.027). In the S-1 cohort, the corresponding intervals
were 115.5 days (IQR, 103.25–127.75) and 65.0 days (IQR, 55.25–89.0), respectively (p = 0.0885). This
comparison should be interpreted cautiously because only two patients in the S-1 cohort had CD grade ≥ 
III complications.

The associations between postoperative complications and the timing of adjuvant therapy initiation are
summarized in Table 2 and Fig. 1.

 
Table 2

Association between postoperative complications and time to initiation of adjuvant therapy
Cohort Postoperative

complications
n Surgery-to-treatment interval, days,

median (IQR)
p
value

Nivolumab CD < II 8 69.5 (57–76.25)  

  CD ≥ II 17 113.0 (76–141) 0.008

Historical S-
1

CD < II 10 64.0 (51.5–85.75)  

  CD ≥ II 10 78.5 (63–97) 0.198

Nivolumab CD < III 16 74.5 (66.5–113.75)  

  CD ≥ III 9 132.0 (77–150) 0.027

Historical S-
1

CD < III 18 65.0 (55.25–89.0)  

  CD ≥ III 2 115.5 (103.25–127.75) 0.0885

Footnote: Comparisons were performed using the Mann–Whitney U test. The CD grade ≥III analysis was
secondary and should be interpreted cautiously, particularly in the historical S-1 cohort, in which only two
patients experienced CD grade ≥III complications.

Deliverability and Safety of Adjuvant Nivolumab
Among the 25 patients who initiated adjuvant nivolumab, 10 (40.0%) completed the planned 1-year
treatment, one (4.0%) remained on treatment at the data cutoff, and 14 (56.0%) discontinued treatment.

The reasons for discontinuation were disease recurrence in six patients (24.0%), adverse events in six
(24.0%), and patient preference in two (8.0%). Thus, disease recurrence and adverse events were the two
most frequent reasons for failure to complete the planned treatment.

Any-grade irAEs occurred in 12 patients (48.0%), including grade ≥ 3 irAEs in six (24.0%). Treatment
deliverability and safety outcomes are summarized in Table 3.
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Table 3
Deliverability and safety of adjuvant nivolumab

Outcome Nivolumab (n = 25)

Completed planned 1-year treatment 10 (40.0%)

Treatment ongoing at evaluation 1 (4.0%)

Treatment discontinued 14 (56.0%)

└ Disease recurrence 6 (24.0%)

└ Adverse events 6 (24.0%)

└ Patient preference 2 (8.0%)

Any-grade irAE 12 (48.0%)

Grade ≥ 3 irAE 6 (24.0%)

Abbreviation: irAE, immune-related adverse event.

Recurrence-Free Survival
During follow-up, RFS events occurred in 10 of 25 patients (40.0%) in the nivolumab cohort and eight of
20 patients (40.0%) in the historical S-1 cohort.

The estimated 1- and 2-year RFS rates were 75.6% and 63.8%, respectively, in the nivolumab cohort and
80.0% and 70.0%, respectively, in the S-1 cohort. No statistically significant difference in RFS was
observed between the cohorts (log-rank p = 0.454). Kaplan–Meier curves are shown in Fig. 2.

Overall Survival
Nine deaths occurred in the nivolumab cohort and eight in the historical S-1 cohort. The estimated 1- and
2-year OS rates were 88.0% and 72.6%, respectively, in the nivolumab cohort and 95.0% and 85.0%,
respectively, in the S-1 cohort.

No statistically significant difference in OS was observed between the cohorts (log-rank p = 0.249).
Kaplan–Meier curves are shown in Online Resource 1 (Supplementary Figure S1).

Discussion
The present study evaluated the real-world deliverability of adjuvant nivolumab after neoadjuvant therapy
and curative esophagectomy. Postoperative complications were associated with delayed treatment
initiation. At the data cutoff, 40% of patients had completed the planned 1-year course, while one patient
remained on treatment. Adverse events and recurrence were the main reasons for discontinuation.
These findings suggest that treatment deliverability after esophagectomy has two components: timely
initiation after postoperative recovery and sustained treatment after initiation.
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Postoperative complications have been associated with poor long-term outcomes after esophagectomy
[8–10], although their prognostic impact remains controversial. In an exploratory analysis of JCOG1109,
grade ≥ 2 complications were not significantly associated with OS in any treatment arm [11]. Our findings
suggest another clinically relevant consequence of postoperative morbidity: delayed transition to
adjuvant therapy. The median interval to nivolumab initiation increased from 69.5 to 113.0 days with CD
grade ≥ II complications and from 74.5 to 132.0 days with CD grade ≥ III complications. Thus,
postoperative morbidity may affect subsequent treatment even when its direct impact on long-term
survival is uncertain.

Evidence regarding the optimal timing of postoperative systemic therapy after esophagectomy remains
limited. Rhodin et al. reported a median interval of 59 days to adjuvant therapy, although their population
largely preceded the current era of neoadjuvant therapy and immune checkpoint inhibition [12]. More
relevant to the Japanese setting, the PENTAGON trial of adjuvant nivolumab after preoperative DCF
specifies treatment initiation within 4–16 weeks after surgery [13]. In our cohort, patients with CD grade 
≥ III complications initiated nivolumab at a median of 132 days, exceeding this 16-week window. Our
study cannot determine whether this delay compromises efficacy, but it demonstrates that severe
postoperative complications may prevent treatment from being delivered within the intended timeframe.

This issue is particularly relevant in Japan. CheckMate 577 established adjuvant nivolumab after
neoadjuvant chemoradiotherapy and R0 resection [3], whereas NAC, particularly DCF, is widely used for
locally advanced ESCC in Japan [2]. Recent Japanese retrospective studies have suggested favorable
outcomes with adjuvant nivolumab after NAC [14, 15]. However, these studies primarily focused on
oncological efficacy. Our study addresses a complementary question: whether adjuvant nivolumab can
be initiated and sustained after NAC and esophagectomy in routine practice.

The recent nationwide Dutch analysis further strengthens the real-world evidence base for adjuvant
nivolumab: in a propensity score-matched comparison after neoadjuvant chemoradiotherapy and
resection, 2-year OS was 66.8% with nivolumab and 58.8% without adjuvant nivolumab [4]. Notably,
postoperative complications were included among the variables used for treatment-group matching, but
the study did not specifically evaluate how postoperative morbidity affected the timing of nivolumab
initiation or subsequent treatment completion. Our study therefore complements these efficacy-focused
data by examining the perioperative pathway required to deliver postoperative nivolumab, particularly in
the Japanese NAC setting.

Treatment continuation represents the second component of deliverability. At the data cutoff, 40% of
patients had completed 1 year of nivolumab, while one patient remained on treatment. Any-grade and
grade ≥ 3 irAEs occurred in 48% and 24%, respectively, and adverse events led to discontinuation in 24%.
In CheckMate 577, treatment-related grade 3–4 adverse events occurred in 13%, and 9% discontinued
nivolumab because of treatment-related adverse events [3]. A multicenter real-world study reported
grade 3–5 irAEs in 15% and early discontinuation due to irAEs in 24% [16]. Sugase et al. prospectively
evaluated adjuvant nivolumab after esophagectomy and reported a 1-year completion rate of 52%;
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recurrence, nivolumab-related adverse events, and patient preference accounted for discontinuation in
30%, 10%, and 8%, respectively [17]. Although direct comparisons across studies are limited by
differences in patient selection and adverse-event definitions, these findings indicate that completion of
the planned 1-year treatment is challenging in routine practice.

Importantly, incomplete treatment should not be attributed solely to toxicity. In our cohort, six patients
(24%) discontinued nivolumab because of recurrence, similar to the 30% reported by Sugase et al. [17].
Patients receiving adjuvant nivolumab have residual disease after neoadjuvant treatment and remain at
substantial risk of early recurrence. Thus, completion of 1 year of nivolumab reflects both treatment
tolerability and disease control. This distinction is important when treatment completion is used as a
measure of real-world deliverability.

S-1 provides a useful historical reference for postoperative therapy after NAC in Japan. Our previous
study showed a 12-month S-1 continuation rate of 80% among patients who received NAC [6], while the
phase II PIECE trial reported 3-year RFS and OS rates of 72.3% and 85.0%, respectively [5]. In the present
study, the 1- and 2-year RFS rates were 75.6% and 63.8% with nivolumab and 80.0% and 70.0% with
historical S-1; the corresponding OS rates were 88.0% and 72.6% versus 95.0% and 85.0%. Neither
comparison was statistically significant. However, these findings should not be interpreted as evidence
of equivalent efficacy because the cohorts were small, nonrandomized, and treated during different
periods. The ongoing JCOG2206 (SUNRISE) trial will provide prospective comparative evidence for
nivolumab and S-1 after NAC and esophagectomy [7].

The present findings also emphasize that postoperative systemic therapy should not be considered
independently of surgical treatment. The ability to deliver adjuvant therapy begins with postoperative
recovery. Complications may delay treatment initiation, while toxicity and recurrence may subsequently
prevent completion. Thus, surgical recovery, treatment initiation, and treatment continuation represent
successive steps in a single multidisciplinary treatment pathway. This perspective may be particularly
relevant as postoperative systemic therapy becomes increasingly integrated into the treatment of locally
advanced ESCC.

This study has important limitations. It was a single-center, retrospective analysis of only 25 nivolumab
recipients, so estimates are imprecise and the analyses are susceptible to confounding. Patients who
never initiated nivolumab were not included, creating selection bias and precluding estimation of
treatment initiation at the level of all potentially eligible surgical patients. The S-1 cohort was
nonconcurrent and differed in treatment era and clinical characteristics; its outcomes should not be
interpreted as evidence of comparative efficacy or safety. Complication subgroup analyses were small,
particularly for severe complications in the S-1 cohort, and multiple tests were conducted without
multiplicity adjustment. Furthermore, one nivolumab recipient remained on treatment at the cutoff, so
the 40% completion proportion is a data-cutoff status, not a mature estimate of eventual completion.
Finally, this study cannot establish a causal effect of complications or treatment timing on oncological
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outcomes. Larger multicenter studies that include all potentially eligible postoperative patients are
needed.

Conclusion
In this small, selected cohort of patients who initiated adjuvant nivolumab following esophagectomy,
postoperative complications were associated with a longer interval to treatment initiation. At the data
cutoff, 10 of 25 patients (40.0%) had completed 1 year of treatment, and one remained on treatment;
recurrence and adverse events were frequent reasons for discontinuation. These observations describe
important practical barriers to adjuvant treatment delivery but do not demonstrate causal effects or
comparative treatment efficacy.
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Figures

Figure 1

Association between postoperative complications and the interval from esophagectomy to initiation of
adjuvant therapy. Individual patient data and box plots show the interval from surgery to initiation of
adjuvant therapy according to the presence or absence of Clavien–Dindo (CD) grade ≥II postoperative
complications. In the nivolumab cohort, the median interval was 69.5 days in patients with CD <II
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complications and 113.0 days in those with CD ≥II complications (median difference, 43.5 days; p =
0.008). In the historical S-1 cohort, the corresponding median intervals were 64.0 and 78.5 days,
respectively (median difference, 14.5 days; p = 0.198). Comparisons were performed using the Mann–
Whitney U test. Horizontal lines within boxes indicate medians, and boxes indicate interquartile ranges.
CD, Clavien–Dindo.

Alt text: Box plots with individual patient points show longer surgery-to-adjuvant-therapy intervals with
Clavien-Dindo grade II or higher complications, especially in the nivolumab cohort.

Figure 2

Recurrence-free survival according to postoperative adjuvant therapy.
Kaplan–Meier curves for recurrence-free survival in patients receiving adjuvant nivolumab and those in
the historical S-1 cohort. The estimated 1- and 2-year RFS rates were 75.6% and 63.8%, respectively, in
the nivolumab cohort and 80.0% and 70.0%, respectively, in the historical S-1 cohort. No statistically
significant difference was observed between the groups (log-rank p = 0.454). RFS, recurrence-free
survival.

Alt text: Kaplan-Meier curves compare recurrence-free survival after adjuvant nivolumab and historical S-
1; the curves are similar through 2 years and the log-rank comparison is not significant.
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