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Abstract

Background: Esophageal squamous cell carcinoma (ESCC) is the predominant
type of esophageal cancer and most clinically curable patients are diagnosed with
locally advanced disease. While the efficacy of preoperative treatment is relatively
clear and well characterized, the effect of postoperative treatment, especially post-
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operative chemotherapy, remains controversial, and its role in the treatment
strategy is obscure. We conducted an updated meta-analysis to include recent
developments.

Methods: A comprehensive search in the PubMed, Embase, and Cochrane data-
bases was performed to identify studies published from the inception of each
database to February 2018. The overall survival (OS) and disease-free survival
(DFS) rates of patients treated with and without postoperative chemotherapy
were analyzed and compared. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were used to assess the associations between postoperative chemotherapy
and patient survival. Potential publication bias was assessed using Egger’s line
regression test.

Results: A total of nine studies, including three randomized controlled trials and
six retrospective studies, were retrieved from the databases, comprising a total of
1684 cases. The results showed that postoperative chemotherapy could improve
OS (HR 0.78, 95% CI 0.66-0.91; P = 0.002) and DES (HR 0.72, 95% CI 0.6-0.86;
P < 0.001).

Conclusions: The current meta-analysis supports postoperative chemotherapy
as an independent favorable prognostic factor for ESCC, which could improve
both OS and DEFS.
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Introduction results in unsatisfactory outcomes. Multidisciplinary regi-
mens have received increasing attention and have gradually
become the mainstream approach for treating esophageal

cancer. The combination patterns of comprehensive treat-

The incidence and mortality of esophageal cancer rank
ninth and sixth among all malignancies in the world,
respectively, and over 80% of esophageal cancer cases
occur in developing countries." China has a high incidence
of esophageal cancer, and esophageal squamous cell carci-
noma (ESCC) is the predominant histopathological type.
According to statistics, in 2016 the incidence and mortality
of esophageal cancer ranked fifth and fourth among all
malignancies in China, respectively.” Except for a few early
lesions identified by screening in high-risk populations,
most of the clinically curable patients are diagnosed with
advanced disease, for which treatment with surgery alone

ment include preoperative therapy (chemotherapy/chemo-
radiation) and postoperative therapy (chemotherapy/radia-
tion/chemo-radiation). While the efficacy of preoperative
treatment is relatively clear, the effect of postoperative
treatment, especially postoperative chemotherapy, remains
controversial, with no consensus being reached. The
underlying reason is that trauma resulting from esopha-
gectomy is profound, and patient tolerance to chemother-
apy after surgery is poor; therefore, only a few patients can
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complete an adjuvant chemotherapy plan. This circum-
stance further leads to a lack of data.

However, postoperative chemotherapy has had remark-
able success in many other solid tumors, such as non-small
cell lung, breast, and colorectal cancers, and has become
the recommended therapeutic option in the clinical guide-
lines for treating such tumors. As a result, postoperative
chemotherapy continues to be administered for esophageal
cancer, one of the major solid tumors. Unfortunately,
because of the limitations of sample sizes, neither prospec-
tive clinical trials nor retrospective studies have resulted in
a conclusion; for this reason, meta-analyses have stood out
for their ability to improve the quality of data. Two meta-
analyses regarding the influence of postoperative chemo-
therapy on the survival of esophageal cancer patients have
been published, with differing conclusions. While one
demonstrated that postoperative chemotherapy could not
improve the survival of these patients, the other study con-
cluded that for a particular subgroup of patients (with pos-
itive lymph nodes), postoperative chemotherapy could
improve survival. Nevertheless, both meta-analyses shared
limitations, such as mixed disease stages and patient het-
erogeneity. Therefore, the current study aimed to overcome
this limitation and to conduct an updated meta-analysis of
the associations between postoperative chemotherapy and
survival of esophageal cancer patients including literature
published after 2012.

Methods

Two senior attending surgeons from the Department of
Thoracic Surgery independently searched the PubMed,
Embase, and Cochrane databases using the keywords “eso-
pha* or oesopha*,” “cancer or carcinoma or neoplasm,”
“adjuvant or postoperative,” and “therapy or chemotherapy
or radiotherapy or chemo*therapy.” All English language
articles of human studies were retrieved from the inception

of each database to 13 February 2018.

Study endpoints

The primary and secondary endpoints of this meta-analysis
were the influence of postoperative chemotherapy on the
overall survival (OS) and disease-free survival (DFS),
respectively, of ESCC patients.

Inclusion and exclusion criteria

Two authors independently screened titles and abstracts
eligible for the study and decided which articles to include
in the meta-analysis after reading the full text. Inclusion
criteria were: (i) ESCC patients as subjects; (ii) studies that
focused on adjuvant therapy for esophageal cancer and
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included comparisons between adjuvant chemotherapy and
surgery alone; (iii) independent clinical trials with an anal-
ysis of clinical data; and (iv) articles that reported prognos-
tic hazard ratios (HRs) and 95% confidence intervals (Cls)
of OS and DFS. Other criteria considered for article inclu-
sion or exclusion were as follows: (i) the disease classifica-
tion and sample size; (ii) the number of patients receiving
adjuvant chemotherapy; and (iii) the completeness and
reliability of statistical information. Disagreement between
the two investigators regarding the inclusion or exclusion
of studies was reconciled by consulting a third more senior
physician. The quality of the studies in this meta-analysis
was assessed using the Newcastle Ottawa Scale (NOS), and
papers with scores > 6 were defined as high quality.

Statistical analysis

Statistical analysis was performed using Stata 12.0 software
(Stata Corp., College Station, TX, USA). The study end-
points were demonstrated by OS, DFS, and their respective
HRs and 95% ClIs. Heterogeneity among the included stud-
ies was assessed by the Q test and I” statistic. If I* < 50%, a
fixed effect model was used; if I’ > 50%, a random effect
model was applied. Egger’s test was used to evaluate publi-
cation bias in the literature.

Result

Literature search

After the initial screening, we identified 3225 related publi-
cations, including 691 from PubMed, 1873 from Embase,
and 661 from Cochrane. A total of 548 duplicates were
identified and excluded. After reading the titles and
abstracts of the remaining 2677 publications, 2657 were
discarded for the following reasons: (i) irrelevant to adju-
vant therapy for esophageal cancer (n = 2554); (ii) non-
original studies, such as reviews or meta-analyses (n = 39);
(iii) completely irrelevant to prognosis (n = 20); (iv) inclu-
sion of only adenocarcinoma or other types of cancer, with
no squamous cell carcinoma (n = 22); and (v) inclusion of
only adjuvant radiation or adjuvant chemoradiation, with
no adjuvant chemotherapy (n = 22). The remaining 20 arti-
cles were further screened by carefully reading the full text
to exclude those that did not report the HR or 95% CI of
either OS or DFS (n = 11). Finally, nine articles were
included in this meta-analysis (Fig 1).

Study characteristics

The study characteristics by research group, including
author, publication year, country, study type, histological
classification, numbers in surgery alone and adjuvant

© 2018 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1049



Adjuvant chemotherapy for ESCC

chemotherapy groups, pathological staging, RO re-
section status, regimen of chemotherapy, number of cycles
of chemotherapy, and either OS or DFS, are detailed in
Table 1. The nine studies in the meta-analysis were pub-
lished between 1996 and 2016, with a total of 1684
patients; the pathological type was ESCC for all included
patients. All the included literature was evaluated as high
quality (NOS = 6).

Result of meta-analysis

Overall survival

A total of nine publications (n = 1684) reported the influ-
ence of adjuvant chemotherapy on OS, and a heterogeneity
test of the included articles showed I* =0.0% and
P = 0.465; therefore, the fixed effect model was used for
analysis. The results showed that ESCC patients receiving
postoperative chemotherapy could achieve improved OS
(HR 0.78, 95% CI 0.66-0.91; P = 0.002) (Fig 2).

Disease-free survival

A total of five publications (n = 1102) reported the influ-
ence of adjuvant chemotherapy on DFS, and a heterogene-
ity test of the included articles showed I* = 0.0% and
P = 0.689; therefore, the fixed effect model was used for
analysis. The results showed that ESCC patients receiving
postoperative chemotherapy could also achieve improved
DEFES (HR 0.72, 95% CI 0.6-0.86; P < 0.001) (Fig 3).

Publication bias

Risk analysis of publication bias was assessed using Egger’s
test, and the results showed no obvious publication bias

' ™
Records identified through
database searching (n = 3225)
e w7,

Identification
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among the included studies, indicating that the levels of
heterogeneity and bias were acceptable (Fig 4).

Discussion

Perioperative comprehensive treatment is
superior to surgery alone

Esophagectomy has long been the primary treatment for
esophageal cancer. However, with recent technological
advances, intramucosal carcinoma has been successfully
treated by endoscopic mucosal resection. Conversely,
patients with distant metastasis are usually considered
incurable, and palliative care is the most common treat-
ment option for this group. Except in these circumstances,
all patients with ESCC are potentially curable, and approxi-
mately 80% have locally advanced disease. The five-year
OS of these patients after surgery alone ranges from 15%
to 24%,"> which is far from satisfactory. It is believed that
perioperative treatment could improve the long-term sur-
vival of patients, and, indeed, the effect of preoperative
treatment is relatively clear. Strong evidence has been
documented in the CROSS study (median survival of
patients in the preoperative chemoradiation and surgery
alone groups was 49.4 and 24 months, respectively;
P =0.003),” the OEO2 study (five-year OS of patients in
the preoperative chemotherapy and surgery alone groups
was 23% and 17.1%, respectively; P = 0.03)'* and the
JCOGY9907 study (five-year OS of patients in the preopera-
tive chemotherapy and postoperative chemotherapy groups
was 55% and 43%, respectively; P = 0.04)."" There is also
evidence to indicate that postoperative chemotherapy could
improve patient survival; the results of the JCOG9204

Figure 1 Flow chart of the screened,
excluded, and analyzed publications,
including the preferred reporting systems

T

Records excluded

for systematic review and meta-analysis.
Cl, confidence interval; DFS, disease-free
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Records after duplicates (n =2657) survival; HR, hazard ratio; OS, overall
Screening removed +Obviously irrelevant articles survival.
(n=2677) (n = 2554)
- -~ *Reviews and meta-analysis (n = 39)
+No prognosis data (n = 20)
*No squamous type included (n = 22)
-No adjuvant chemotherapy included
w =22)
. Full-text articles assessed for
Eligibility eligibility (n = 20)
=
Full-text articles excluded (n = 11)
*No HR or 95% CI of OS and DFS
Studies included in meta- ~
Included analysis 1
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% Figure 2 Forest map of the associa-
tions between adjuvant chemotherapy
and overall survival of esophageal
squamous cell carcinoma patients. Cl,
confidence interval; HR, hazard ratio.
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% Figure 3 Forest map of the associa-
tions between adjuvant chemotherapy
and disease-free survival of esophageal
squamous cell carcinoma patients. Cl,
confidence interval; HR, hazard ratio.
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Figure 4 Funnel map of publication bias risk. SE, standard error.
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0.6

study demonstrated that the five-year DES of patients in
the postoperative chemotherapy and surgery alone groups
were 55% and 45%, respectively (P = 0.037).° Therefore,
we are confident that for patients with advanced esopha-
geal cancer, the effect of perioperative comprehensive treat-
ment is superior to that of surgery alone.

New data on postoperative chemotherapy
plus esophagectomy

Esophagectomy is a surgical procedure involving the ana-
tomic regions of the cervical, thoracic, and abdominal
fields that exerts extensive trauma, strongly interferes with
physiology, carries an extremely high risk (mortality and
complications after surgery are high), and has a slow
recovery process, particularly in regard to digestive

© 2018 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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function. Therefore, few patients can tolerate adjuvant che-
motherapy after esophagectomy, which leads to the lack of
high-quality data with strong evidence from either pro-
spective clinical trials or retrospective studies. Currently,
because of limitations relating to sample size, no single
study has yielded a definitive conclusion on the superiority
or inferiority of a certain treatment strategy. As the most
effective tool to solve this problem, meta-analyses have
been conducted regarding this topic.

In 2008, Zhang et al. concluded that postoperative che-
motherapy could not elicit survival benefits for esophageal
cancer patients.'® They included six studies published from
the inception of the searched databases to July 2007, using
the keywords “esophageal neoplasms” and “adjuvant
chemotherapy,” and included a total of 1001 esophageal
cancer cases. Although their results showed that adjuvant
chemotherapy could not improve patient prognosis, sub-
group analysis of N* patients showed that adjuvant chemo-
therapy could elicit survival benefits for these patients.

In 2014, Zhang et al conducted a meta-analysis to
explore whether postoperative chemotherapy could improve
the prognosis of ESCC patients. They included the keywords
“esophageal cancer” or “esophageal neoplasms,” “adjuvant
chemotherapy” or “postoperative chemotherapy,” and “sur-
gery alone.””” The meta-analysis included 11 articles pub-
lished between 1995 and May 2012, with a total of 2047
cases divided into adjuvant chemotherapy (n = 887) and
surgery alone (n = 1160) groups. The results showed that
the three-year OS between the two groups was not signifi-
cantly different (relative risk [RR] 0.89; P = 0.25). Com-
pared to surgery alone, the adjuvant chemotherapy group
had a significantly better one-year DFS rate (RR 0.68;
P = 0.006), whereas the three-year DFS between the two
groups was not significantly different (RR 0.97; P = 0.84).
Further analysis showed that postoperative chemotherapy
could improve the three-year OS of stage III-IV patients
(RR 0.43; P = 0.00001) and the five-year DFS of N patients
(RR 0.97; P = 0.04). The results suggested that a specific
subpopulation could benefit from postoperative chemother-
apy, and that pathological stage and/or lymph node status
should be taken into consideration.

Both meta-analyses shared the common limitations of
confounders and poor data quality. Additionally, the sam-
ple sizes of the two meta-analyses were relatively small,
with 1001 and 2047 cases, respectively. After 2012, four
retrospective studies on postoperative chemotherapy for
esophageal cancer have been published, and most have
confirmed the value of postoperative chemotherapy. In
2014, Hashiguchi et al. from Japan evaluated the efficacy of
postoperative docetaxel, cisplatin, and 5-Fu (DCF) chemo-
therapy for 139 stage II/III N1/N2 ESCC patients, and
showed that patients with lymph node metastasis could
possibly benefit from postoperative chemotherapy.® In the
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same year, Lyu et al. from China retrospectively evaluated
349 cases treated between 2008 and 2010 and demon-
strated that postoperative chemotherapy could improve
survival in stage II-III pN* ESCC patients after RO resec-
tion.” In 2015, Pasquer et al. from France conducted a ret-
rospective analysis of 104 patients from multiple centers in
Europe, and showed that postoperative chemoradiation
could not elicit any survival benefit for esophageal cancer
patients with positive lymph nodes.”® In 2016, Qin et al.
from China assessed the efficacy of adjuvant chemotherapy
in 434 stage II-III ESCC patients with positive lymph
nodes confirmed by postoperative pathology and con-
cluded that adjuvant chemotherapy could improve DES of
pN1 ESCC patients and those with tumors < 4.5 cm, as
well as OS in patients with positive lymph nodes."!

As a result of this emerging data, it is rational and neces-
sary to conduct an updated meta-analysis. Our meta-
analysis comprising nine studies and 1684 patients showed
that postoperative chemotherapy could improve OS
(HR 0.78, 95% CI 0.66-0.91; P = 0.002) and DFS (HR 0.72,
95% CI 0.6-0.86; P < 0.001) of ESCC patients. Although the
total number of cases in our meta-analysis was smaller than
the cases used in the meta-analysis published in 2014, the
quality of the included articles and newly added cases was
superior. With a stricter retrieval strategy, the coverage of
mainstream data from three major databases, and an exten-
sive search with strict inclusion criteria, the accuracy and
completeness of the included data are ensured, making the
conclusions of this meta-analysis more credible.

No consensus reached on the role of
postoperative chemotherapy

The 2018 National Comprehensive Cancer Network guide-
lines for the diagnosis and treatment of esophageal cancer
and gastroesophageal junction carcinoma recommend that
regardless of pT or pN staging, no additional treatment
other than regular follow-up is needed for patients who
have undergone RO resection.'® If the surgery is an R1 or
R2 resection, then adjuvant chemoradiation or palliative
care is feasible. In 2016, the updated European Society for
Medical Oncology Clinical Practice Guidelines for esopha-
geal cancer failed to provide any clear recommendations
for adjuvant treatment of patients after surgery."” In 2012,
the St. Gallen International Expert Consensus on the pri-
mary therapy for gastric, gastroesophageal, and esophageal
cancer advised that postoperative adjuvant treatment
should not be offered to ESCC patients, even those who
have undergone R1 resection.” In 2011, the guidelines for
the management of esophageal and gastric cancer jointly
drafted by the Associations of Upper Gastrointestinal Sur-
geons of Great Britain and Ireland, the British Society of
Gastroenterology, and the British Association of Surgical
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Oncology also noted that there was no evidence to support
routine postoperative chemotherapy for ESCC (Grade Ia
evidence).”! Similarly, the 2014 Society of Thoracic Sur-
geons guidelines from the United States and the 2010
guidelines from Canada offered no clear recommendation
for adjuvant therapy for ESCC.*>*

However, the guidelines from Asian countries differ from
those of Europe and the Americas with regard to recommend-
ing adjuvant chemotherapy for ESCC. The Japanese Esopha-
geal Society issued their latest guidelines in 2015 for the
diagnosis and treatment of esophageal cancer, which recom-
mended that patients with positive lymph nodes, especially
those who did not receive neoadjuvant therapy, should
undergo adjuvant chemotherapy after radical esophagectomy.**
In 2011, the guidelines from the Chinese Anti-Cancer Associa-
tion recommended: for T3-4NO or N patients after RO resec-
tion, observation or chemotherapy based on platinum/5-Fu or
radiation should be applied; for esophageal cancer patients after
R1 resection, chemotherapy based on 5-Fu or radiation is
appropriate; and for esophageal cancer patients after R2 resec-
tion, a combination regimen of chemotherapy based on 5-Fu
and radiation or palliative therapy should be adopted.”

Usefulness of additional postoperative
chemotherapy for patients after
neoadjuvant chemotherapy

Presently, the efficacy of preoperative treatment of esophageal
cancer has been suggested and gradually generalized, leading
to an increase in the number of patients undergoing preoper-
ative therapy. However, it remains unclear which group of
patients require additional therapy and which type of treat-
ment is superior. In 2016, Brescia et al. evaluated the efficacy
of postoperative chemotherapy for pN* esophageal cancer
patients after preoperative treatment, and the results showed
that adjuvant chemotherapy may improve survival in this
subset of patients.”® However, this conclusion requires further
validation in prospective clinical trials. In 2017, Saeed et al.
demonstrated that postoperative chemotherapy did not
improve prognosis in esophageal cancer patients after neoad-
juvant chemotherapy.”” Sisic et al. also concluded that adju-
vant treatment did not improve prognosis in esophageal
cancer patients after neoadjuvant chemotherapy.”® Neverthe-
less, in the same year, Saunders et al. reported that adjuvant
treatment (n = 70) could elicit a significant survival benefit
(P =0.045) in patients who achieved good efficacy from
neoadjuvant chemotherapy (n = 129).*°

As some scholars believe that postoperative chemother-
apy should be offered to patients with a heavy tumor bur-
den after neoadjuvant therapy while others believe that
postoperative chemotherapy should be administered to
patients with a good response to neoadjuvant therapy, it is
currently difficult to reach a consensus. We also note that
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there is no research evaluating postoperative chemotherapy
for the treatment of ESCC patients after neoadjuvant ther-
apy. Future studies are expected to answer this question to
provide references for clinical practice.

Limitations

This meta-analysis has the following limitations. The data we
summarized and analyzed were derived from the whole group
in each study instead of from the individual patients; therefore,
further analysis according to different patient characteristics
could not be performed. The total sample size of the nine stud-
ies was low, and high-quality randomized controlled trials/pub-
lications are lacking, the latter of which is associated with the
research status regarding this topic. Some of the studies did
not provide HRs and 95% ClIs of OS or DES, which prevented
us from evaluating the efficacy of postoperative chemotherapy
on patient prognosis on a more accurate scale.

Conclusion

The current meta-analysis demonstrated that postoperative
chemotherapy is an independent, favorable prognostic factor
for both OS and DFS for patients with advanced ESCC. Our
results support postoperative chemotherapy as a supplemen-
tary treatment after surgery, especially for esophageal cancer
patients not administered neoadjuvant therapy before

surgery.
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