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Abstract
Background: The role of adjuvant chemotherapy in esophageal squamous cell carci-
noma (ESCC) remains controversial. This study aimed to evaluate the impact of adju-
vant chemotherapy on survival in patients with positive nodes after surgery for ESCC.
Methods: We retrospectively reviewed the survival outcomes of node-positive patients
with ESCC who underwent curative resection with or without adjuvant chemotherapy
between January 1994 and December 2015.
Results: We analyzed 460 patients (333 adjuvant chemotherapy, 127 surgery alone).
The surgery-alone group was older (64 vs. 60 years, p < 0.001) and had more comor-
bidities (p = 0.004) than the adjuvant chemotherapy group. After propensity score
matching, overall survival (OS) and recurrence-free survival (RFS) of the adjuvant
chemotherapy group were better than those of the surgery-alone group: 5-year OS rate
62.7% (95% confidence interval [CI] 54.4–72.3%) vs. 46.8% (95% CI 38.5–57%,
p = 0.001) and 5-year RFS rate 53.9% (95% CI 45.4–63.9%) vs. 36.2% (95%
CI 28.3–46.3%, p < 0.001). Notably, in patients with pT3–4 stage, the adjuvant chemo-
therapy group had significantly better 5-year OS rate (41.3% [95% CI 29.3–58.3%]
vs. 18% [95% CI 10–32.5%], p = 0.01) and 5-year RFS rate (37% [95% CI 25.3–53.9%]
vs. 12% [95% CI 5.7–25.4%], p < 0.001) than in the surgery-alone group. In multivari-
able analysis, adjuvant chemotherapy had a favorable effect on both OS (hazard ratio
[HR] 0.562, 95% CI 0.426–0.741, p < 0.001) and RFS (HR 0.702, 95% CI 0.514–0.959;
p = 0.026).
Conclusion: Adjuvant chemotherapy may improve survival in node-positive patients
with ESCC, especially in those with pT3–4 stage.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is a highly
aggressive disease with a poor prognosis. Although esopha-
gectomy has been the mainstay of treatment for localized
ESCC, surgery alone has limited efficacy in improving sur-
vival in patients with locally advanced esophageal cancer.1–3

In recent decades, multimodal treatment strategies, which
include preoperative or postoperative chemotherapy, radio-
therapy, and chemoradiotherapy (CRT), have been studied
for their effects on patient survival.3–7 Randomized trials

have shown that neoadjuvant CRT followed by surgery sig-
nificantly improves survival in patients with locally
advanced ESCC,8,9 therefore neoadjuvant CRT before sur-
gery has been widely adopted.

On the other hand, the optimal postoperative therapeu-
tic strategy for locally advanced ESCC remains controver-
sial.10 The 2019 National Comprehensive Cancer Network
guidelines for the diagnosis and treatment of esophageal
cancer and gastroesophageal junction carcinoma recom-
mended that regardless of the pT or pN staging, no addi-
tional treatment other than surveillance is needed for
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patients with R0 resection.11 In 2016, the updated European
Society for Medical Oncology Clinical Practice Guidelines
for esophageal cancer did not provide any clear recommen-
dations for adjuvant treatment in patients after surgery.12

Additionally, the Society of Thoracic Surgeons Practice
Guidelines on the Role of Multimodality Treatment for Can-
cer of the Esophagus and Gastroesophageal Junction had no
clear recommendations for adjuvant therapy for ESCC.13

Meanwhile, the 2017 esophageal cancer practice guidelines
edited by the Japan Esophageal Society recommended post-
operative chemotherapy for patients with clinical stage II or
III esophageal cancer who have undergone surgery without
preoperative therapy.14 This was based on weak evidence. So
far, only a subgroup analysis of a randomized controlled
trial and a prospective study have shown that postoperative
chemotherapy could prolong disease-free survival in lymph
node (LN)-positive patients with ESCC.7,15

In this study, we aimed to evaluate the impact of adju-
vant chemotherapy, compared with surgery alone, on sur-
vival in patients with ESCC with positive nodes after
surgery.

METHODS

Patient selection

We reviewed 2343 consecutive patients with ESCC who
underwent esophagectomy for esophageal squamous cell car-
cinoma at our institution between January 1994 and
December 2015. Patients were included in the present study if
they met all the following criteria: (i) patients had undergone
complete resection for esophageal cancer without neoadju-
vant therapy prior to surgery and were pathologically con-
firmed with positive node; (ii) patients with Eastern
Cooperative Oncology Group (ECOG) performance status of
0 or 1; and (iii) patients who were supposed to be able to tol-
erate chemotherapy by physicians’ judgment. Patients were
excluded from the study for the following reasons: (i) patients
who had other malignancies; (ii) patients with positive opera-
tive margins; (iii) patients who had received postoperative
radiotherapy; (iv) patients who had poor performance status
(ECOG 2–4); (v) patients who refuse chemotherapy;
(vi) patients who had a severe postoperative complication or
died within 60 days of operative complications; (vii) patients
who were confirmed recurrence within postoperative 60 days;
and (viii) patients with missing survival data.

The study was conducted in accordance with the Dec-
laration of Helsinki. Informed consent was waived with
the approval of the Institutional Review Boards (IRB
no. 2021-04-122).

Surgery

Stomach or colon mobilization was conducted through an upper
midline laparotomy. Most patients underwent esophagectomy

via a transthoracic approach. The anastomosis was con-
ducted between the conduit and the esophagus on the left
side of the neck or just below the thoracic inlet, using a sta-
pling technique or a hand-sewn technique. For middle- to
lower-thoracic ESCC, two-field LN dissection was con-
ducted at the mediastinal and abdominal LN stations. For
upper-thoracic ESCC, three-field LN dissection was con-
ducted by resecting the LNs within the cervical LN station
and the two LN stations mentioned above.

Postoperative adjuvant therapies

Adjuvant chemotherapy was started 4–8 weeks after surgery.
The chemotherapy consisted of cisplatin (60 mg/m2, intra-
venously) and 5-fluorouracil (5-FU; 1000 mg/m2/day) in a
continuous infusion for 4 days. From 2005 to 2010, patients
who were enrolled in a clinical trial received capecitabine
(1000 mg/m2, twice a day, per oral, days 1–14) and cisplatin
(75 mg/m2/day, intravenously, day 1). Each cycle was
repeated every 3 weeks (four cycles). From 2011 to 2015,
patients who were enrolled in another clinical trial received
leucovorin and 5-FU (LV5FU2) or LV5FU2 plus oxaliplatin
(FOLFOX) combination chemotherapies.16 The LV5FU2
regimen consisted of 2-week cycles of 200 mg/m2 leucovorin
and a bolus injection of 5-FU (400 mg/m2, intravenously,
day 1) followed by a 46-h continuous infusion of 5-FU
(2,400 mg/m2). The FOLFOX regimen consisted of 2-week
cycles of oxaliplatin (85 mg/m2, intravenously, day 1) before
administering the LV5FU2 regimen. Other patients were
observed without adjuvant chemotherapy because of the
patients’ poor general condition or refusal or on the basis of
the physician’s judgment.

Follow-up and toxicity

All patients were followed up every 3 months for the first
2 years and every 6 months thereafter. The median follow-
up time was 4.1 years (range 0.02–23.36 years). Recurrences
were detected with chest or abdominal computed tomogra-
phy, endoscopy with or without biopsy, positron emission
tomography, or bone scintigraphy. Toxicity was assessed for
each cycle of chemotherapy and was classified according to
the World Health Organization toxicity criteria.

Statistical analyses

The primary end point of the study was overall survival
(OS), and the secondary end point was recurrence-free sur-
vival (RFS). OS was defined as the interval between the date
of surgery and the date of death or the last follow-up. RFS
was calculated from the date of surgery to the date of recur-
rence, death, or the last follow-up. OS and RFS were ana-
lyzed using the Kaplan–Meier method, and the groups were
compared using the log-rank test. A p value of <0.05 was
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considered statistically significant. The baseline characteris-
tics were compared between the two groups using Student’s
t-test or the Mann–Whitney U test for continuous variables,
depending on the normality of distribution. Pearson’s χ 2

and Fisher’s exact tests were used for categorical variables,
as appropriate. To minimize selection bias between the
groups, propensity score matching was performed. The vari-
ables for matching included age, gender, comorbidity, body
weight index (BMI), American Society of Anesthesiologists
(ASA) physical status classification, forced expiratory vol-
ume in 1 s (FEV1), and pathologic stage. Matched pairs
were created by performing 1:1 optimal pair matching. After
propensity score matching, 113 patients in each group were
selected for analysis. Prognostic factors were determined
using Cox logistic regression analysis. Multicollinearity was
assessed using variance inflation factor, which measures the
inflation in the variances of the parameter estimates due to
multicollinearity potentially caused by the correlated predic-
tors. Statistical analysis was conducted using R 3.6.1
(R Foundation for Statistical Computing, Vienna, Austria;
http://www.R-project.org/).

RESULTS

Patient characteristics

A total of 699 patients had positive nodes on postopera-
tive pathology during the study period. Patients with
medically compromised conditions, including old age
(n = 50), poor general condition or underlying comorbid-
ities (n = 60), postoperative complications or mortality
(n = 27), or early relapse (n = 10), were excluded. Addi-
tionally, patients who refused chemotherapy (n = 55) or
had radiotherapy (n = 21) and patients with missing sur-
vival data (n = 10) were excluded. Finally, 333 patients
who received the adjuvant chemotherapy and 127 patients
who underwent surgery alone were included in the analy-
sis (Figure 1).

Patients in the surgery-alone group were older (64 vs.
60 years, p < 0.001) and had more comorbidities
(p = 0.004) or higher ASA class (p = 0.035) than those in
the adjuvant chemotherapy group. There were no differ-
ences in lung function and BMI between the groups.

F I G U R E 1 Flowchart of patient selection
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Additionally, patients in the adjuvant chemotherapy group
had more advanced stages (p < 0.001).

In matched group, there were no differences in age, sex,
Charlson Comorbidity Index (CCI), ASA class, FEV1, BMI,
and pathologic stage between the groups. The patients’ base-
line characteristics details are described in Table 1.

Practice pattern

Most patients who underwent surgery before 2005 and were
found to have positive nodes after surgery received adjuvant
chemotherapy (106/126, 84%). From 2005 to 2009, we con-
ducted a randomized clinical trial of surgery alone versus
surgery followed by adjuvant chemotherapy in patients who
underwent curative resection of esophageal cancer, in which
only 53% (57/107) of the patients received adjuvant chemo-
therapy.15 From 2010 to 2015, 75% (170/227) of the patients
who underwent surgery received adjuvant chemotherapy.
Figure 2 illustrates the practice pattern for each year.

Survival outcomes

In the intention-to-treat analysis, the 5-year OS rate was not
different between the adjuvant treatment and surgery-alone
groups: 49.5 (95% confidence interval [CI] 41.5–59.1%)
vs. 51.5 (95% CI 46.4–57.2%, p = 0.2). The 5-year RFS rate
also did not differ between the two groups: 44.4% (95% CI
39.3–50.1%) vs. 38.5% (95% CI 30.9–48%, p = 0.1). In
matched patients, OS and RFS of the adjuvant chemother-
apy group were better than those of the surgery-alone group:
5-year OS rate 62.7% (95% CI 54.4–72.3%) vs. 46.8% (95%
CI 38.5–57%, p = 0.001) and 5-year RFS rate 53.9% (95%
CI 45.4–63.9%) vs. 36.2% (95% CI 28.3–46.3%, p < 0.001).
Figure 3 shows the survival curves. In the per-protocol anal-
ysis excluding 56 patients who did not complete treatment,
the survival outcomes of the adjuvant chemotherapy group
were much better than those of the surgery-alone group:
5-year OS rate 65.2% (95% CI 56.2–75.5%) vs. 46.8% (95%
CI 38.5–57%, p < 0.001) and 5-year RFS rate 56.7% (95% CI
47.5–67.6%) vs. 36.2% (95% CI 28.3–46.3%, p < 0.001). The
survival curves in the per-protocol analysis are shown in
Supporting Information Figure S1.

We carried out subgroup analysis based on the patho-
logic T stage for matched patients. No significant differences
in OS and RFS rates were observed in matched patients with
pT1 or pT2 stage. For pT1 patients, the 5-year OS was
77.3% (95% CI 66.4–90.1%) for the adjuvant treatment
group and 79.4% (95% CI 68.4–92.4%) for the surgery alone
group respectively (p = 0.945), and the 5-year RFS was
69.2% (95% CI 57.4–83.5%) for the adjuvant treatment
group and 61.2% (95% CI 48.3–77.5%), for the surgery alone
group respectively (p = 0.297). For pT2 patients, the 5-year
OS was 77.8% (95% CI 60.8–99.6%) for the adjuvant treat-
ment group and 47.4% (95% CI 29.5–76.1%), for the surgery
alone group respectively (p = 0.015), and the 5-year RFST
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was 55.6% (95% CI 36.8–84%) for the adjuvant treatment
group and 42.1% (95% CI 24.9–71.3%), for the surgery alone
group respectively (p = 0.101). Notably, in patients with
pT3 or higher stage, both the 5-year OS rate (41.3% [95% CI
29.3–58.3%] vs. 18% [95% CI 10–32.5%], p = 0.01) and the
5-year RFS rate (37% [95% CI 25.3–53.9%] vs. 12% [95% CI
5.7–25.4%], p < 0.001) were significantly higher in the adju-
vant treatment group than in the surgery-alone group.
Figure 4 shows the survival curves based on the pathologic
T stage in matched patients.

In terms of the chemotherapy agent, the 5-year OS of
the adjuvant chemotherapy group was consistently better
than that of the surgery-alone group regardless of the agent
of chemotherapy, except for FOLFOX (Supporting Informa-
tion Figure S2).

In univariable analysis of factors affecting OS, male sex,
old age (≥65 years), higher CCI (score ≥ 3), advanced T stage
(pT3–4), and higher N stage (pN2–3) had an unfavorable
effect on OS. In multivariable analysis, old age (≥65 years),
advanced T stage (pT3–4), and higher N stage (pN2–3) were
associated with worse OS. Notably, adjuvant chemotherapy
had a favorable effect on OS (hazard ratio [HR] 0.56, 95% CI
0.43–0.74, p < 0.001). The details are provided in Table 2.

With respect to prognostic factors for RFS, male sex,
advanced T stage (pT3–4), and higher N stage (pN2–3) had
an unfavorable effect on RFS in univariable analysis. In mul-
tivariable analysis, male sex, advanced T stage (pT3–4), and
higher N stage (pN2–3) had an unfavorable effect on RFS.
Notably, adjuvant chemotherapy was a good prognostic fac-
tor for RFS (HR 0.7, 95% CI 0.51–0.96, p = 0.026). The
details are shown in Table 2.

Discontinuation of adjuvant chemotherapy

A total of 57 (17.1%) patients did not complete adjuvant
chemotherapy. Treatment-related adverse events (AEs) led

to the discontinuation of adjuvant chemotherapy in
25 (7.5%) patients (Supporting Information Table S1). The
most common cause of discontinuation was fatigue
(n = 9). Four (1.2%) patients experienced grade 3–4
treatment-related AEs. No grade 5 treatment-related AEs
occurred in the adjuvant chemotherapy group. Addition-
ally, 24 (7.2%) patients refused additional chemotherapy
during treatment. Eight (2.4%) patients did not complete
adjuvant chemotherapy because of tumor recurrence dur-
ing treatment.

DISCUSSION

Surgery is the standard treatment for ESCC, but survival
remains poor. Attempts have been made to improve the sur-
vival of patients with ESCC, including the use of chemother-
apy, radiotherapy, or CRT before or after surgery.

The evidence for the role of induction therapy in
patients with advanced ESCC is well established, and this
treatment strategy is generally applied in clinical practice.
The randomized prospective trial OEO2, conducted by the
Medical Research Council Esophageal Cancer Working
Party, demonstrated that induction chemotherapy followed
by esophageal resection improved survival, with a 5-year
survival rate of 23% in patients who received preoperative
chemotherapy before surgery versus 17.1% in patients who
underwent surgery alone (HR 0.84, 95% CI 0.72–0.98,
p = 0.03).6,8 Additionally, the large randomized trial CROSS
also showed that induction chemotherapy (carboplatin and
paclitaxel) and concurrent radiotherapy resulted in signifi-
cantly better OS and RFS than surgery alone, with a median
OS of 49.4 months in the CRT group versus 24.0 months in
the surgery-alone group (HR 0.66, 95% CI 0.5–0.87,
p = 0.003).17

By contrast, the role of adjuvant chemotherapy is not
well established. In a retrospective study by Brescia et al.

F I G U R E 2 Practice pattern over time
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on adjuvant chemotherapy for node-positive patients
after induction therapy and resection of esophageal can-
cer, the adjuvant treatment group had a better median
survival (24.0 months [95% CI 16.6–32.2 months]
vs. 18.0 months [95% CI 11.1–25.0 months], p = 0.033).18

In a meta-analysis conducted by Zhang et al. in 2014,
which included 11 studies published between 1995 and
2012, the 3-year OS did not differ between the postopera-
tive chemotherapy and surgery-alone groups (relative risk
[RR] 0.89, p = 0.25) and the 3-year RFS was not signifi-
cantly different between the two groups (RR 0.97,
p = 0.84). Subgroup analysis showed that adjuvant che-
motherapy improved the 5-year RFS of node-positive
patients (RR 0.97, p = 0.04).19 In another meta-analysis
conducted by Zhao et al. in 2018, which included nine
articles published between 1996 and 2016, patients with

ESCC who received postoperative chemotherapy had
improved OS (HR 0.78, 95% CI 0.66–0.91, p = 0.002) and
RFS (HR 0.72, 95% CI 0.6–0.86, p < 0.001).20 Table 3
summarizes the literature reports on adjuvant chemother-
apy for esophageal cancer.

Meanwhile, only a few randomized prospective studies
for adjuvant chemotherapy after curative resection have
been conducted. This is because most patients undergoing
esophagectomy have decreased performance status after sur-
gery. Some patients experience postoperative complications
such as pneumonia, acute lung injury, and anastomotic leak-
age. Furthermore, many patients experience postoperative
discomfort, including postoperative pain, poor oral intake,
and fatigue. In the JCOG9204 study, in which the outcomes
were compared between patients who received two cycles of
postoperative chemotherapy (cisplatin and 5-FU) and

F I G U R E 3 Overall survival and recurrence-free survival of matched patients in the intention-to-treat analysis
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patients who underwent surgery alone, a significant
improvement in the 5-year RFS was observed in the adju-
vant chemotherapy group, but there was no significant

difference in OS between the two groups. The benefit of
adjuvant chemotherapy for RFS was particularly evident in
patients with positive LNs after surgery and was not found

F I G U R E 4 Overall survival and recurrence-free survival according to pathologic T stage in matched patients
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in patients with negative LNs.7 In a prospective study con-
ducted in South Korea on postoperative chemotherapy in
node-positive patients with ESCC who underwent curative
resection, postoperative chemotherapy prolonged the 3-year
RFS; the 3 year disease-free survival rate was 47.6% in the
adjuvant group and 35.6% in the surgery-alone group
(p = 0.049).15 Although prospective controlled studies pro-
vide strong evidence, patients in clinical trials do not reflect
real-world populations because clinical trials restrict patient
enrollment to those with good performance status. In addi-
tion, esophagectomy which requires high technical proce-
dures may have inter-institutional heterogeneity with
respect to postoperative complication and survival rate, and
should be interpreted with caution.21

The optimal chemotherapy agents for node-positive
ESCC have not been established so far. In this study, more
than 60% of patients in the adjuvant treatment group
(n = 206) received the combination of 5-FU and cisplatin
(FP) regimens. This is the most commonly used regimen as
a first-line chemotherapy in metastatic esophageal cancer.
However, this frequently resulted in severe diarrhea and
vomiting as well as discomfort caused by a chemoport inser-
tion. On the other hand, capecitabine, an oral medication
used in 36 patients (11.5%) in this study, could improve
such problems. Capecitabine is an oral fluoropyrimidine
that is preferentially metabolized in tumor tissues via an
enzymatic pathway to fluorouracil and thus has a lower inci-
dence of high-grade adverse events.

Meanwhile, leucovorin and 5-FU (LV5FU2) or LV5FU2
plus oxaliplatin (FOLFOX) combination chemotherapy were
introduced for use in patients with advanced or metastatic
esophageal cancer in 2000. FOLFOX chemotherapy in the
definitive concurrent CRT (CCRT) was also recently shown
to be more convenient and less toxic than a FP regimen. We
found that the survival rate of the adjuvant chemotherapy
group was consistently better than that of the surgery-alone
group regardless of the agent of chemotherapy, except for
FOLFOX. There was no difference between the surgery
group and the FOLFOX group because this may be attrib-
uted to a small number of patients in the FOLFOX group.

In this study, we evaluated the impact of adjuvant che-
motherapy on improving survival in node-positive patients
with ESCC using prospectively collected information at sin-
gle large-volume institution. We found that the OS and RFS
of the adjuvant chemotherapy group were better than those
of the surgery-alone group on propensity-score matching
analysis. Of note, in patients with pT3–4N + ESCC, adju-
vant chemotherapy after esophagectomy was associated with
significantly improved survival. Additionally, multivariable
analysis demonstrated that adjuvant chemotherapy had a
favorable effect on both OS and RFS.

This study had several limitations. First, it was limited
by its relatively small sample size and retrospective nature.
Second, selection bias was present because only patients
who were clearly suitable to receive adjuvant therapy were
included. The criteria for administering adjuvant therapy
are unclear. Among patients who underwent surgery alone,T
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60% were included according to the physician’s preference.
To control for selection bias, we excluded patients who did
not undergo adjuvant chemotherapy because of medically
compromised conditions, including old age, poor general
condition, comorbidities, patient refusal, and postoperative
complications or mortality. Additionally, we included patients
who were eligible for the randomized study (surgery alone
vs. surgery followed by adjuvant chemotherapy) in the analy-
sis. In fact, 40% of patients in the surgery-alone group were
included according to a randomization protocol. Third, the
chemotherapy regimen varied (cisplatin plus 5-FU, capecita-
bine plus cisplatin, leucovorin plus 5-FU, or LV5FU2 plus
oxaliplatin). The effect of the adjuvant chemotherapy was
consistently found regardless of the agent of chemotherapy.

In conclusion, adjuvant chemotherapy may improve sur-
vival in node-positive patients with ESCC who did not
receive induction therapy before surgery. We recommend
considering postoperative chemotherapy for patients with
pT3–4N + ESCC who underwent upfront surgery without
induction therapy. Future prospective studies on adjuvant
treatment are needed.
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