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Background: Neoadjuvant chemoradiotherapy (NCRT) or neoadjuvant chemotherapy (NCT) followed by sur-
gery are two standard strategies in treating locally advanced esophageal cancer (EC). We aim to compare
NCRT and NCT in the management of locally advanced EC patients.
Methods: MEDLINE, Embase, CENTRAL, and conferences were systematically searched for clinical trials pub-
lished up to September 2021. Pairwise comparisons and Bayesian network meta-analyses were conducted to
compare overall survival (OS) and disease-free survival (DFS) by reporting the hazard ratio (HR) and 95%
credible intervals (Crls). The study was registered at PROSPERO (CRD42020170619).
Findings: 25 trials with 4563 EC patients met inclusion criteria. NCRT improved OS (HR: 0-72, 95%Crl:
0-63—0-82) and DFS (HR: 0-72, 95%Crl: 0.-63—0-81) compared to surgery alone. NCRT improved OS (HR: 0-83,
95%Crl: 0.69—-0-99) and DFS (HR: 0-83, 95%CI: 0-69—0-99) compared to NCT. Subgroup analysis demonstrated
that both NCRT (HR: 0-77, 95%Crl: 0-65—0-90) and NCT (HR: 0-81, 95%Crl: 0-67—0-99) improved OS than sur-
gery in esophageal squamous cell carcinoma (ESCC) patients. No significant differences were observed
between NCRT and NCT regarding OS (HR: 0-95, 95%Crl: 0-75—1-19) and DFS (HR: 0-90, 95%Crl: 0-50—1-62)
in ESCC. The short-term outcomes were similar between NCRT and NCT. The three treatment strategies were
comparable in esophageal adenocarcinoma (EAC) subpopulations.
Interpretation: The study corroborated current guidelines in addressing the importance of analysing EC
according to histopathological types. The analysis suggested that in locally advanced ESCC patients, both
NCRT and NCT improved OS as compared to surgery alone, whereas no clear evidence supported the optimal
strategies between NCRT and NCT. More RCTs comparing different therapeutic strategies in EAC patients are
warranted.
Funding: Koln Fortune Program, University of Cologne.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

eligible for curative treatment [3]. Based on the JCOG9907 trial, neo-
adjuvant chemotherapy (NCT) followed by surgery is widely used

Esophageal carcinoma (EC) is one of the most common and deadly
tumors, with about 604,000 newly diagnosed cases and 544,000
deaths in 2020 [1]. Despite new therapeutic strategies and protocols
significantly improved in the recent decades, the prognosis of EC
remains poor, with an estimated 5-year survival rate of 20% [2,3].
Radical surgery is the cornerstone intervention for EC patients
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as a standard therapeutic strategy in advanced esophageal squa-
mous cell carcinoma (ESCC) in Japan [4]. Besides, neoadjuvant
chemoradiotherapy (NCRT) followed by esophagectomy achieves
significant survival benefits both in the adenocarcinoma-domi-
nant CROSS trial as well as the ESCC-only NEOCRTEC5010 trial
[5,6]. Therefore, neoadjuvant therapy combined with radical
esophagectomy has gradually become the standard of care for
locally advanced EC [7,8]. However, it is still unclear whether
adding radiotherapy to NCT is superior to NCT in treating locally
advanced EC patients.
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Research in context

Evidence before this study

Neoadjuvant chemoradiotherapy (NCRT) or neoadjuvant che-
motherapy (NCT) followed by surgery are two standard thera-
peutic strategies in treating locally advanced esophageal
cancer. Till now, only four well-designed randomized con-
trolled trials have directly compared NCRT and NCT whereas
there have been several landmarked trials compared NCRT or
NCT with surgery alone. Therefore, the relative effectiveness of
NCRT and NCT can be better estimated using network meta-
analysis.

Added value of this study

We addressed the importance of studying esophageal cancer
independently according to the histopathological types. Our
results suggest that both NCT and NCRT improve overall sur-
vival (OS) in esophageal squamous cell carcinoma (ESCC) com-
pared to surgery alone, whereas no differences were found
between NCRT and NCT regarding OS, disease-free survival
(DES) and short-term outcomes.

Implications of all the available evidence

Results corroborated current guidelines and the importance of
analysing EC according to histopathological types. The study
suggests that in locally advanced ESCC patients, both NCRT and
NCT improved OS as compared to surgery alone, butno clear
evidence supported the optimal strategies between NCRT and
NCT. More RCTs comparing different therapeutic strategies in
EAC patients are warranted.

Up to date, only four randomized controlled trials (RCTs) have
directly compared NRCT with NCT [9—-12]. Two early closed RCTs
have compared NRCT with NCT in esophageal adenocarcinoma (EAC),
which both showed slightly favorable survival towards NCRT but
without statistical significance [10,11]. Similar results were also
reported in one trial studying ESCC patients population [12] and
another trial with mixed EC tumor types [9]. Overall evaluation of
NRCT versus NCT is problematic, being based on one outdated study
with quite lower prognosis in both groups (3-year survival rates: 17%
and 3% for NCRT and NCT, respectively) [12], two studies with rather
small sample sizes (n = 75 and n = 119) which were closed early
[10,11], and none of the studies reaching statistical significances in
survival outcomes. Therefore, the optimal neoadjuvant treatment
remains unclear.

Network meta-analysis (NMA) is a well-accepted method to cal-
culate quantitative estimates of relative effect between multiple
treatments [13]. Due to relatively few direct comparisons between
NCRT and NCT while there are already many RCTs comparing NCRT
or NCT with surgery alone, the relative effectiveness of NCRT and
NCT can be better estimated using NMA by synthesizing the direct
and indirect evidence across a network of RCTs [14,15]. Here, we per-
formed a comprehensive network meta-analysis to investigate the
relative efficacy of NCRT and NCT on long-term and short-term out-
comes with the aim of identifying the optimal neoadjuvant therapy
options in the management of locally advanced EC patients.

2. Methods
This study followed the PRISMA extension statement for reporting

network meta-analysis [16]. The study protocol was registered at
PROSPERO in February 2020 (ID: CRD42020170619). An ethics

statement is not applicable because all the data included in our analy-
ses were extracted from previous published studies in which
informed consents were obtained by primary investigators.

2.1. Search strategy and selection criteria

We systematically searched online databases including MEDLINE,
Embase and Cochrane Central Register of Controlled Trials for all the
RCTs published up to January 2020. In addition, all abstracts from the
American Society of Clinical Oncology, American Association for Can-
cer Research, European Society for Medical Oncology, European Asso-
ciation for Cancer Research, European Surgical Association, European
Association for Cardio-Thoracic Surgery and World Organization for
Specialized Studies on Diseases of the Esophagus of the same period
were screened as well. Search terms followed the PICOS principle,
[14] we used the medical subject headings (if available) of 'esoph-
ageal carcinoma', 'chemotherapy’, 'radiotherapy’, 'surgery' or 'esopha-
gectomy', 'prognosis' or 'survival'. The detailed searching strategies
were presented in supplementary information 1. Two reviewers (FN
and WZ) reviewed the literature independently. Discrepancies have
been resolved by group discussions among FN, WZ and YZ until con-
sensus was reached.

The inclusion criteria of this study included: (a) prospective ran-
domized controlled trials. (b) patients with pathologically proven
esophageal squamous cell carcinoma, esophageal adenocarcinoma or
adenocarcinoma of the esophagogastric junction (AEG]). (c) trials that
compared any two or more different arms of the following treatment:
neoadjuvant chemoradiotherapy followed by surgery, neoadjuvant
chemotherapy followed by surgery or surgery alone. (d) trials that
reported on overall survival (OS) or disease-free survival (DFS) of the
intention-to-treat population. (e) peer-reviewed articles in English.
We excluded all studies that did not meet the inclusion criteria. Other
exclusion criteria were: (a) high bias RCT. (b) trials compared periop-
erative chemotherapy. (c) former version of the same trials with
updated survival information available. (d) studies with full-text
unavailable.

2.2. Quality assessment and data extraction

The quality of included studies was assessed using the revised
Cochrane risk-of-bias tool for randomized trials (RoB2 tool) [17] by
two independent reviews (FN and WZ). Each RCT was judged as low
risk of bias, some concerns or high risk of bias. Any discrepancy was
resolved in a consensus meeting. Studies with high risk of bias were
excluded from final analyses. Publication bias of included studies was
evaluated using adjusted funnel plots [18].

The primary outcome was OS, and the secondary outcomes were
DFS, pathologic complete response (pCR), grade 3 to 4 adverse events
(AEs) for neoadjuvant treatments, resection rate, RO resection rate
and peri-treatment mortality. For OS and DFS, hazard ratios (HR)
with 95% confidence intervals (CIs) were extracted to calculate the
natural logarithm hazard ratios (InHR) and standard error using the
HR calculations spreadsheet that was provided by Tierney et al. [19].
Missing data were requested by contacting the authors. When the
corresponding author did not respond to our request, the Kaplan-
Meier curves were digitized using Engauge Digitizer tool (version
12-1) [20] to extract curve data and to be further computed in the HR
calculations spreadsheet. For short-term outcomes, number of events
and observations in experimental and control groups were extracted.
Data of pCR and grade 3 to 4 AEs was extracted from RCTs comparing
NCRT and NCT. Resection rate was defined as the ratio of patients
who underwent surgery to the number of patients assigned to that
group/arm. Peri-treatment mortality was extracted from RCTs report-
ing either treatment-related mortality, 30 days mortality or 90 days
mortality.
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2.3. Data synthesis and statistical analysis

Pairwise meta-analyses were performed for all direct treatment
comparisons in R software (version 3.-5-3) with RStudio (Boston, MA)
using the ‘meta’ package [21]. Heterogeneity between studies were
assessed using the Q test and I? statistic [22]. Fixed effect or random
effect model was chosen based on I value (<50% or >50%, respec-
tively). The results of the pairwise meta-analysis were reported as HR
with 95% CI for OS and DFS, and as relative risk (RR) with 95% CI for
pCR and grade 3 to 4 AEs.

Network plots for the comparison of different treatment strategies
were generated to depict the network geometry by Stata (version
14.0). Network meta-analyses were performed under the Bayesian
framework using JAGS and “gemtc” package in R [23]. Random effects
and consistency models were used in network meta-analyses. Nonin-
formative priors were set and posterior distributions were obtained
by using 4 Markov chains with 60,000 iterations after 20,000 burn-
ins and a thinning interval of 10. The convergence of the chains was
confirmed by inspection of the trace plots, density plots and Brooks-
Gelman-Rubin statistic (supplementary figure 1). The results of the
network meta-analysis were reported as HRs with 95% credible inter-
vals (Crls) for OS and DFS, and as odds ratio (OR) with 95% Crls for
resection rate, RO resection and peri-treatment mortality. The proba-
bility of each treatment regarding survival outcomes was ranked
according to the HRs and the posterior probabilities. Two-sided
p<0.05 indicates statistical significance.

To assess the study consistency, global inconsistency assessment
and local inconsistency assessment were performed. The global
inconsistency was evaluated through comparing the fit of consistency
and inconsistency models using deviance information criterion (DIC),
where similar DIC of different models indicates a good consistency

[24,25]. The local inconsistency was evaluated through comparing
the direct and indirect evidence generated under the Bayesian frame-
work using the node-splitting analysis, where p<0-05 indicates sig-
nificant inconsistency [26].

We performed subgroup analysis on OS according to the two dif-
ferent histopathological types of esophageal cancer: ESCC and EAC.
For DFS, only ESCC subgroup was accessed due to the limited data on
EAC. Given the development of radiotherapy technology, chemother-
apy regimens and surgical strategy in recent decades, we performed
a sensitivity analysis by restricting all the included studies to studies
published after the year 2000 to increase the stability of our results.
In addition, at the revision stage of our study, there is a time gap
between the start of this study (April 2020) and the current time
(September 2021). Therefore, we systemically searched the publica-
tions from January 2020 to September 2021 using the same strategy
described in supplementary information 1. And we performed a sen-
sitivity analysis with all the RCTs published up to September 2021.

2.4. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the study and
had final responsibility for the decision to submit for publication.
3. Results

3.1. Study selection and characteristics

A flowchart of the study selection procedure was showed in Fig. 1.
Briefly, 1129 articles were identified from literature search and 56

Records identified through Emba_se (n=62_4), Medline (n=377), Additional records identified through conferences
S and Cochrane Library (n=49) n=214
=] Total: n=1050
2
£
[T}
=
Removed duplicates
— n=135
— A
Records after duplicates removed
oo n=1129
(=
s
[
L
A Records excluded based on title and abstract
n=1073
— A
— Full-text articles assessed for eligibility
n=56
=
;‘g’, > Excluded after detailed assessment*: n=32
o X No survival information (n=3)
A X Non-RCT/ high bias RCT (n=6)
S, Articles included in meta-analysis X Perioperative chemotherapy (n=3)
n=24 X Protocol (n=1)
— K Abstracts without sufficient information (n=7)
K Conference abstracts of the included studies (n=3)
o o - X Old version of the included studies with updated
E ne article includes 2 studies li information available (n=8)
3 v X Inseparable EGJ patients’ information in gastric
E cancer study (n=1)
Studies included in meta-analysis
n=25

*: detailed information shown in Supplementary information 2

Fig. 1. PRISMA flowchart diagram of the study selection. Abbreviations: RCT: randomized controlled trial. EGJ: esophagogastric junction carcinoma.+.
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articles were reviewed in full text. 32 articles were excluded after
full-text assessment and 24 articles met our inclusion criteria. The
detailed excluded articles with reasons were presented in supple-
mentary information 2. Due to one article reporting two independent
RCTs [27], a total of 25 studies with 4563 patients were included in
the final analysis. Among 25 included studies, four studies directly
compared the NCRT with NCT, thirteen studies compared NCRT with
surgery alone, and eight studies compared NCT with surgery alone.
The baseline characteristics of all the included studies are shown in
Table 1. [5,6,9-12,27—43] All included studies were judged as low
risk of bias or some concerns. The detailed risk of bias assessments of
all studies was presented in supplementary figure 2. The adjusted
funnel plots for publication bias assessments were presented in sup-
plementary figure 3.

3.2. Pairwise comparison and network analysis on OS and DFS

All included studies reported accessible OS information while only
16 studies reported accessible DFS information (Table 1). The net-
work diagrams of the treatment comparisons on OS and DFS were
described in Fig. 2 and supplementary figure 4, respectively.

In terms of overall survival, pairwise comparison showed that
both NCRT (HR: 0.-76, 95%CI: 0-68—0-85) and NCT (HR: 0-88, 95%Cl:
0-78—-0-98) exhibited a better prognosis as compared to surgery
alone, whereas no significant difference was found between NCRT
and NCT (HR: 0-82, 95%CI: 0-64—1.04) (supplementary figure 5). Sim-
ilarly, network meta-analysis on OS showed a better prognosis in
NCRT as compared to surgery alone (HR: 0-75, 95%Crl: 0-66—0-85),
but the advantage of NCT towards surgery alone diminished after
combining direct and indirect comparisons (HR: 0-88, 95%Crl:
0-77-1-02) (Fig. 3). There was no significant difference in the com-
parison of NCRT with NCT (HR: 0.85, 95%Crl: 0.72—1-00).

In terms of disease-free survival, pairwise comparison showed
better therapeutic efficacies in both NCRT (HR: 0.72, 95%CI:
0-64—-0-80) and NCT (HR:0-85, 95%CI: 0-76—0-95) than surgery alone.
The therapeutic efficacy between NCRT and NCT (HR: 0-79, 95%CI:
0-60—1-05) did not reach significant difference (supplementary figure

In terms of ESCC subgroup analysis, nine studies directly com-
pared NCRT with surgery alone [5,6,27,30,33—-35,40,42], seven stud-
ies compared NCT with surgery alone [29,37-39,41,43,44], and two
studies compared NCRT with NCT[9,12] (supplementary figure 9a).
Network meta-analysis showed that both NCRT (HR: 0-75, 95%Crl:
0-64-0-89) and NCT (HR: 0-79, 95%Crl: 0-65—0-98) are superior to
surgery alone in ESCC, whereas no significance was found in the com-
parison of NCRT with NCT (HR: 0-94, 95%Crl: 0-74—1-20) (Fig. 4a, b).
Similar results were confirmed in pairwise comparisons (supplemen-
tary figure 9a).

As to EAC subgroup analysis, three studies compared NCRT with
surgery alone [6,27,34], three studies compared NCRT with NCT
[9-11], and only one study compared NCT with surgery alone[44]
(supplementary figure 9b). No significant differences were found
between any comparable treatments in both network meta-analysis
(Fig. 4c, d) and pairwise meta-analysis (supplementary figure 9b).

Supplementary figure 10 summarized the Bayesian ranking pro-
files of three different treatments in all included patients, ESCC sub-
group and EAC subgroup regarding overall survival. The results
showed that NCRT was most likely to be ranked first while surgery
alone was most likely to be ranked last in all groups.

Eight studies provided accessible DFS information for ESCC sub-
group analysis [5,6,11,29,30,35,40,42]. Like EC patient’s population,
network meta-analysis on ESCC subgroup showed a better DFS in
NCRT when compared with surgery alone (HR: 0-64, 95%Crl:
0-51-0-81), whereas no difference was found between NCT and sur-
gery groups (HR: 0.72, 95%Crl: 0.-42—1-26). However, the advantage
of NCRT over NCT in EC patients was not apparent in ESCC subgroup
analysis (HR: 0-89, 95%Crl: 0-49—1-59) (not shown).

Nineteen studies were published after the year 2000 and were
included in sensitivity analysis for OS [5,6,9—11,27—-38,44], where 12
out of 19 could be used for the ESCC subgroup analysis
[5,6,9,27,29,30,33-35,37,38,44]. The EAC subgroup sensitivity analy-
sis was omitted because all the accessible studies for EAC patients
were published after the year 2000. Similar results were obtained in
the network meta-analyses of studies published after the year 2000
(supplementary figure 11). NCRT is better than surgery alone in all

6). Similarly, network analysis on DFS showed that NCRT was supe-
rior to surgery alone (HR: 0-72, 95%Crl: 0-63—0-81). Besides, NCRT
also improved EC patients’ DFS when compared with NCT (HR: 0-83,
95%Crl: 0-69—-0-99). No significant difference was found in the com-
parison of NCT with surgery alone (HR: 0-86, 95%Crl: 0-74—1.02)

(supplementary figure 7).

3.3. Inconsistency and heterogeneity assessments

The global inconsistency assessments and local inconsistency
assessments in network analyses on OS and DFS were summarized in
supplementary figure 8. The global consistency was observed as the
fit of the consistency model was similar or better than that of incon-
sistency model in network analyses (supplementary figure 8, a and
). The local consistency was achieved as the node splitting analysis
revealed no significant differences in comparisons of direct and indi-
rect evidence based on the Bayesian framework (supplementary
figure 8, b and d).

Heterogeneity estimates of three pairwise comparisons were pre-
sented in supplementary figure 5 and 6. There was no significant
between-study heterogeneity in all pairwise meta-analysis on OS
(supplementary figure 5) as well as DFS (supplementary figure 6).

3.4. Subgroup analysis and sensitivity analysis

Among 25 included studies, 18 studies provided accessible OS infor-
mation in 2314 ESCC patients while only seven studies with 1380 EAC
patients could be extracted for EAC subgroup analysis (Table 1).

included patients (HR:0-72, 95%Crl: 0-63—0-82) and both NCRT
(HR:0-69, 95%Crl: 0-57—0-84) and NCT (HR:0-75, 95%Crl: 0-61-0-96)
are superior to surgery alone in the ESCC subgroup. No significant dif-
ferences were found between NCRT and NCT in both mixed histo-
pathological types of patients and the ESCC subpopulations.

From January 2020 to September 2021, a total of 146 studies (114
from Embase, 26 from Medline, and six from Cochrane Library) were
identified from the literature search. 143 studies were excluded after
the tittle and abstract screening. Three studies underwent the full-
text assessment. [45-47] One newly published trial that only
reported short-term outcomes with one year’s follow up was
excluded, [45] while two trials from our included studies (the NEO-
CRTEC5010 trial [5] and the CROSS trial [6]) with updated long-term
outcomes were included in the analysis. [46,47] Supplementary
figure 12 summarized the network meta-analysis of OS on all
included patients [9-12,27-43,46,47], ESCC subpopulation
[9-12,27-43,46,47], and EAC subpopulation. [9-11,27,34,44,47]
Here, network meta-analysis on OS in all included patients shows
that NCRT is superior to NCT (HR: 0.83, 95%Crl: 0-69—0-99) and sur-
gery (HR: 0-72, 95%Crl: 0-63—0-82). However, consistent with our
main results, both NCRT (HR: 0-77, 95%Crl: 0.-65—0-90) and NCT (HR:
0-81, 95%Crl: 0-67—0-99) improve OS than surgery while there is no
significant difference between NCRT and NCT (HR:0.95, 95%Crl:
0-75-1-19) in ESCC subpopulation. As to DFS, similarly, NCRT is supe-
rior to NCT (HR: 0-83, 95%Crl: 0-69—-0-99) and surgery (HR: 0-72,
95%Crl: 0-63-0-81) in all included patients whereas is comparable
with NCT (HR: 0-90, 95%Crl: 0-50—1-62) in ESCC subpopulation (not
shown).



Table 1

Baseline characteristics of studies included in the network meta-analysis. Abbreviations: SCC: squamous cell carcinoma. AC: adenocarcinoma. AEG:

free survival.

adenocarcinoma of the esophagogastric junction. OS: overall survival. DFS: disease-

Year started Radiotherapy schedule Chemotherapy regimen Concurrent or  Surgical approach Tumor type Tumor stage Survival Sample Follow-up
sequential data size
Chemoradiotherapy vs. Chemotherapy
von Dobeln G.A° 2006 40 Gy; 2 Gy per fractions in 20 frac- Cisplatin (100 mg/m?/day) on day 1 concurrent Transthoracic esophagectomy with SCC* AC* cTIN1MO, OSDFS 181 Everyone was
tions, 5 days a week. and fluorouracil (750 mg/m?/day) two-field lymphadenectomy cT2-3N0-1MO. followed up
on days 1 to 5. Every 3 weeks for 3 to 60 months
cycles.
Stahl M.'° 2000 30 Gy; 2 Gy per fraction in 15 frac- Six-week schedule of weekly fluoro- concurrent Transthoracic esophagectomy with AC cT3-4NxMO OSDFS 119 Median: 126-5 months
tions, 5 days a week after 2 courses uracil (2 g/m?, 24-hour infusion) two-field lymphadenectomy or
of chemotherapy induction. Con- and leucovorin (500 mg/m?, 2-hour radical transhiatal esophagectomy
current 3-week chemotherapy con- infusion) as well as biweekly cis- for AEG type I. Total gastrectomy
sisted of cisplatin (50 mg/m?/day) platin (50 mg/m?, 1-hour infusion). plus lower esophagus resection
on day 1 and day 8, and etoposide Two courses in chemoradiotherapy with D2 lymphadenectomy for AEG
(80 mg/m?/day) on days 3 to 5. group for induction and 2.5 courses type Il
in chemotherapy group.
Burmeister BH'' 2000 35 Gy in 15 fractions over 3 weeks Cisplatin (80 mg/m?/day) on day1; 5-  concurrent Transthoracic esophagectomy. AC cT2-3N0-1MO OSDFS 75 Median: 94 months
fluorouracil (1000 mg/m?/d) on (stage II-1IT)
days 2 to 4. Every 3 weeks for 2
cycles.
Nygaard K'? 1983 35 Gy, 1-75 Gy 20 fractions. 5 days a Cisplatin (20 mg/m?/day) on days 1to  sequential Right-sided Transthoracic Nee cT1-2NxMO oS 97 Not mention in the manuscript. Spec-
week over 4 weeks. 5; bleomycin (10 mg/m?/day) on esophagectomy. ulate median follow -up time: 18
days 1 to 5. Every 2 or 3 weeks for 2 months.
cycles.
Chemoradiotherapy vs. Surgery
Yang H> 2007 40-0 Gy; 2 Gy per fraction in 20 frac- Vinorelbine (25 mg/m?/day) on days 1 ~ concurrent Transthoracic esophagectomy with Nee cT1-4N1MO, OSDFS 451 Median: 41 months
tions, 5 days a week. and 8; and cisplatin (75 mg/m?) on two-field lymphadenectomy cT4NOMO. (stage in CRT and 36 months in S
day 1 or cisplatin (25 mg/m?) on 1IB or I1I)
days 1 to 4. Every 3 weeks for 2
cycles.
Shapiro J° 2004 41-4 Gy; 1-8 Gy per fraction in 23 frac-  Carboplatin (AUC 2 mg/mL per min) concurrent Transthoracic esophagectomy with SCC* AC” cTINIMO, OSDFS 366 Median: 84-1 months
tions, 5 days a week. and paclitaxel (50 mg/m?) were two-field lymphadenectomy or cT2-3N0-1MO.
administered intravenously for 5 transhiatal esophagectomy
cycles, starting on days 1, 8, 15, 22,
and 29.
Mariette 28 2000 45 Gy; 1-8 Gy per fraction in 25 frac- Fluorouracil (800 mg/m?/24 h) on concurrent Transthoracic esophagectomy with SCCAC cT1-2N0-1MO, OSDFS 170 Median: 93-6 months
tions, 5 days a week over 5 weeks. days 1 to 4 and 29 to 32. Cisplatin extended two-field cT3NOMO.
(75 mg/m?) on day 1 or day 2 and lymphadenectomy (stage I-1I)
day 29 or 30.
Bass G.A.{*7 1990 40 Gy in 15 fractions. Fluorouracil (15 mg/kg of body concurrent Transthoracic esophagectomy or tran-  AC cT0—-4N0-2MO 0s 133 From 0-25-206 months
weight/day) on day 1-5. Cisplatin shiatal esophagectomy
(75 mg/m?/day) on day 7. Two
cycles.
Bass G.A.1%7 1990 40 Gy in 15 fractions. Fluorouracil (15 mg/kg of body concurrent Transthoracic esophagectomy or tran-  SCC cT0—4N0-2MO oS 98 From 0-25-206 months
weight/day) on day 1-5. Cisplatin shiatal esophagectomy
(75 mg/m?/day) on day 7. Two
cycles.
Lv *° 1997 40 Gy; 2 Gy per fraction in 20 Paclitaxel (135 mg/m?/day) onday 1,  concurrent Transthoracic esophagectomy with 2-  SCC Clinical stage II-IllL  OSDFS 160 Median: 45 months
fractions. cisplatin (20 mg/m?/day) on days 1 field lymphadenectomy
to 3. Every 3 weeks for 2 cycles.
Tepper J*! 1997 50-4 Gy; 1-8 Gy in 28 fractions. 5 days ~ Cisplatin (100 mg/m?/day) on day 1, concurrent Transthoracic esophagectomy SCCAC cT1-3NXMO0 OSDFS 56 Median: 72 months
a week over 5-5 weeks. fluorouracil (1000 mg/m?/day) on
days 1 to 4. Every 4 weeks for 2
cycles.
Natsugoe S>3 1997 40 Gy, 2 Gy in 20 fractions. 5 days a cisplatin (7 mg over 2 h) and 5-fluoro-  concurrent No information in the manuscript scc cT2-3N0-1M0-1  OS 43 Median: 24 months
week over 4 weeks uracil (350 mg over 24 h) at the
same radiotherapy period.
Burmeister BH** 1994 35 Gy, 15 fractions over 3 weeks Cisplatin (80 mg/m?/day) on day 1, concurrent According to surgeon’ preference SCC* AC* cT1-T3,NO-1 OSDFS 256 Median: 65 months

fluorouracil (800 mg/m?/day) on
days 1 to 4. One cycle.

(continued on next page)
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Table 1 (Continued)

Year started Radiotherapy schedule Chemotherapy regimen Concurrent or  Surgical approach Tumor type Tumor stage Survival Sample Follow-up
sequential data size

Lee L% 1999 45.6 Gy, 1-2 Gy in 38 fractions. Cisplatin (60 mg/m?/day) on days 1 concurrent Transthoracic esophagectomy withen  SCC cT2—-3NOMO, OSDFS 101 Median: 25 months
and 21, 5-fluorouracil (1000 mg/ block lymph node dissection cT1-3N1MO.
m?/day) on days 2 to 5. (stage II-I1I)

Urba SG3¢ 1989 45 Gy, 1.5 Gy in 30 fractions. 5 daysa  Cisplatin 20 (mg/m?/d) on days 1 concurrent Transhiatal esophagectomy SCCAC Resectable OSDFS 100 Median: 98-4 months

week over 3 weeks through 5 and 17 through 21; fluo-
rouracil (300 mg/m?/d) on days 1
through 21; and vinblastine (1 mg/
m?/d) on days 1 through 4 and 17
through 20.

Bosset JF* 1985 37 Gy, 3-7 Gy in 10 fractions. 5 daysa  Cisplatin (80 mg/m?/day) on days Oto  concurrent Transthoracic en bloc esophagectomy  SCC cT1-2N0-1MO, OSDFS 282 Median: 55-2 months

week over 2 weeks 2. Every week for 2 cycles with 2-field lymphadenectomy CcT3NOMO

Le Prise E*? 1988 20 Gy, 2 Gy in 10 fractions. 5 days a Cisplatin (100 mg/m?/day) on day 1; sequential No information in the manuscript scc Clinical stage I-1I OSDFS 86 Median: 16 months

week over 2 weeks 5-fluorouracil (600 mg/m?/day) on
days 2 to 5. Every 2 weeks for 2
cycles.

Chemotherapy vs. surgery

Kelsen DP*? 1990 Cisplatin (100 mg/m?/day) on day 1, Transthoracic esophagectomy or tran-  SCC AC cT1-3NxMO0 OSDFS 443 Median: 105-6 months
fluorouracil (1000 mg/m?/day) on shiatal esophagectomy
days 1 to 5. Every 4 weeks for 3
cycles.

Allum WH* 1992 Cisplatin (80 mg/m?/day) on day 1 and According to surgeon’ preference SCC* AC* Resectable OSDFS 802 Median: 70-8 months in chemother-
fluorouracil (1000 mg/m?/day) over apy group and 73-2 months in sur-
4 days. Every 3 weeks for 2 cycles. gery group.

Ancona E*’ 1992 cisplatin (100 mg/m?/day) on day 1, Transthoracic esophagectomy + two- ~ SCC cT2-3NOMO, 0s 94 A minimum follow-up of 30 months
and 5-fluorouracil (1000 mg/m?/ field lymphadenectomy cT1-3N1MO. for all the patients
day) on Days 1 to 5. Every 3 weeks (Stage II-1IT)
for 2—-3 cycles.

Baba M>® 1993 Cisplatin (70 mg/m?/day) on day 1; 5- Transthoracic esophagectomy +two- ~ SCC Resectable oS 42 A minimum follow-up of 36 months
Fluorouracil (700 mg/m?/day) and field or three-field and the maximum of 72 months
leucovorin (20 mg/m?/day) on days lymphadenectomy
1 to 5. Every 4 weeks for 2 cycles.

Law $*° 1989 Cisplatin (100 mg/m?/day) on day 1; Transthoracic esophagectomy or tran-  SCC Resectable 0s 147 Median: 17 months
5-fluorouracil (500 mg/m?/day) on shiatal esophagectomy
days 1 to 5. Every 3 weeks for 2
cycles.

Boonstra JJ*° 1989 Cisplatin (80 mg/m?) on day 1; etopo- Right-sided thoracic esophagectomy scc cT1-3NxMO OSDFS 169 Median: 15 moths in the neoadjuvant
side (100 mg/m?/d) intravenously for upper half part of esophagus, chemotherapy+ surgery group; 14
on day 1, etoposide (200 mg/m?/d) transhiatal esophagectomy for months in the surgery group
orally on day 3 and day 5. Every 4 lower half part
weeks for 2 cycles.

Maipang T#! 1988 Cisplatin (100 mg/m?/day) on day1; Transthoracic Ivor-Lewis scc Resectable 0s 46 Not mention in the manuscript. Spec-
vinblastine (3 mg/m?/day) on days esophagectomy ulate median follow -up time: 17
1, 8, 15, 22; bleomycin (10 mg/mz) months
on day 3 followed by a 4-day infu-
sion of 10 mg/m?/day.

Every 4 weeks for 2 cycles.
Schlag PM* 1988(speculate) Cisplatin (20 mg/m?/day) on days 1 to Abdominothoracic esophagectomy for SCC Resectable 0s 46 Not mention in the manuscript. Spec-

5; fluorouracil (1000 mg/m?/day)
on days 1 to 5. Every 3 weeks for 3
cycles.

GE]J. Thoracoabdominocervical
approach for all others.

ulate median follow -up time: 7.5
months

*

can be extracted separately for subgroup analysis on OS. {: one study reported two independent RCTs.

€81101 (1207) gy 2uIpaNIpIIUDT / 1D 32 UD] ‘N



13

NCT

Fig. 2. Network diagrams of treatment comparisons on overall survival in all
included patients and subgroup populations according to the histopathological
types. The size of each node represents the number of patients who received the given
treatment. Same color indicates same treatment strategy. Each line represents direct
comparison of the connected treatments. The thickness of the lines with number rep-
resents the number of trails comparing the connected treatments. Abbreviations:

All patients
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NCRT: neoadjuvant chemoradiotherapy. NCT: neoadjuvant chemotherapy. S: surgery.
ESCC: esophageal squamous cell carcinoma. EAC: esophageal adenocarcinoma.

a Hazard Ratio (95% Crl)
Compared with S
NCRT —0— 0.75 (0.66, 0.85)
NCT 0.88 (0.77, 1.0)
I 1 1
0.6 1 2
Hazard Ratio (95% Crl)
Compared with NCT
NCRT 0.85(0.72,1.0)
S 1.1 (0.98, 1.3)
I 1 1
NCRT 0.7 1 2
Hazard Ratio (95% Crl)
Compared with NCRT
NCT 1.2(1.0,1.4)
S — —0— | 1.3(1.2,1.5)
09 1 2
3
b
EAC 1.18 1.33
NCRT (1.00, 1.14) (1.15, 1.51)
0.85 1.15
NCT (0.72, 1.00) NCT (0.98, 1.33)
0.75 0.88 s
(0.66, 0.85) (0.77,1.02)

Fig. 3. Network meta-analysis on overall survival. (a). Forest plots of network com-
parisons between treatments. (b). Pooled hazard ratios with 95% Crl for each com-
parison arm. The pooled hazard ratio with 95% Crl was estimated under the Bayesian
framework. Data in each cell are hazard ratios (95% credible intervals) for the compari-
son of row-defining treatment versus column-defining treatment. Bold text indicates a
statistically significant difference. Abbreviations: NCRT: neoadjuvant chemoradiother-
apy. NCT: neoadjuvant chemotherapy. S: surgery. 95% Crl: 95% credible intervals.

a Hazard Ratio (95% Crl) C Hazard Ratio (95% Crl)
Compared with S Compared with S
NCRT — 00— 0.75 (0.64, 0.89) NCRT —O0— 0.71(0.44,1.1)
NCT : 407| 0.81(0.67, 0.99) NCT ; — o 1—— | 0.88 (0.50, 1.5)
0.6 1 0.4 1 2
Hazard Ratio (95% Crl) Hazard Ratio (95% Crl)
Compared with NCT Compared with NCT
NCRT 0.93(0.73,1.2) NCRT —O0—— 0.80(0.49,1.3)
S | |—O— | 1.2 (1.0, 1.5) S —t0— 1.1(0.66, 2.0)
T 1
0.7 1 2 0.4 1 3
Hazard Ratio (95% Crl) Hazard Ratio (95% Crl)
Compared with NCRT Compared with NCRT
NCT — 00— 1.1(0.85, 1.4) NCT —t—0— 1.2(0.78, 2.0)
S —o0— 1.3(1.1,1.6) S o 1.4(0.93,2.3)
T | T 1
0.8 1 2 0.7 1 3
b d
1.07 1.34 1.24 1.41
NCRT (0.85, 1.38) (1.13, 1.57) NCRT (0.78, 2.03) (0.93, 2.28)
0.93 1.24 0.80 1.14
(0.73,1.17) NCT (1.01, 1.50) (0.49, 1.28) NCT (0.66, 2.01)
0.75 0.81 S 0.71 0.88 S
(0.64, 0.89) (0.67, 0.99) (0.44, 1.07) (0.50, 1.51)
ESCC EAC

Fig. 4. Subgroup network meta-analyses on overall survival. Forest plots of network comparisons between treatments in ESCC (a) and EAC (c). Pooled hazard ratios and 95%
Crl for each comparison arm in ESCC (b) and EAC (d). The pooled hazard ratio with 95% Crl was estimated under the Bayesian framework. Data in each cell are hazard ratios (95%
credible intervals) for the comparison of row-defining treatment versus column-defining treatment. Bold text indicates a statistically significant difference. Abbreviations: NCRT:
neoadjuvant chemoradiotherapy. NCT: neoadjuvant chemotherapy. S: surgery. ESCC: esophageal squamous cell carcinoma. EAC: esophageal adenocarcinoma. 95% Crl: 95% credible

intervals.
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3.5. Short-term outcomes

All 25 studies were included in the network meta-analyses
regarding resection rate and peri-treatment mortality, and 20 studies
can be synthesized for RO resection (supplementary figure 13a)
[5,6,9-12,28-32,34-37,39,40,42—-44]. Resection rate was signifi-
cantly lower in patients assigned to NCRT (OR:0-20, 95%Crl:
0-08—0-43) and NCT (OR:0-29, 95%Crl: 0-10—0-68) groups as com-
pared to surgery group. NCRT achieved higher RO resection than NCT
(OR: 2.47,95%Crl: 1-48—4-63), and both NCRT and NCT had higher RO
resection than surgery alone (OR: 4-17, 95%Crl: 2.17-6-92 and
OR:1.-68, 95%Crl: 1.03—-2-71, respectively). Peri-treatment mortality
was significantly higher in NCRT group than surgery group (OR: 1-81,
95%Crl: 1.20-2.-79), whereas no significant differences were found
between NCRT and NCT (OR: 1-57, 95%Crl: 0.92—2.57) as well as NCT
and surgery (OR: 1-15, 95%Crl: 0-78—1-83).

Pairwise comparison meta-analyses for pCR and grade 3 to 4 AEs
after neoadjuvant treatments were shown in supplementary figure
13b-c. Patients undergoing NCRT achieved significantly higher pCR
than those undergoing NCT (RR:3-85, 95%CI: 1-88—7-88). Grade 3 to 4
AEs were comparable between NCRT and NCT groups (RR: 1-18,
95%Cl: 0-65-2-15).

4. Discussion

The findings of this comprehensive network meta-analysis con-
firm that NCRT is better than surgery alone regarding OS and DFS in
locally advanced EC patients. Patients who underwent NCRT showed
longer OS and DFS than those who underwent NCT. Interestingly, the
advantages of NCT over surgery alone on OS and DFS in pairwise
comparisons were eliminated after synthesizing the direct and indi-
rect evidence by network meta-analysis. More importantly, subgroup
analysis on ESCC patients showed that both NCRT and NCT improved
0S when compared to surgery alone, whereas no significant differen-
ces were observed between NCRT and NCT in both OS and DFS.

The inconsistent results of pairwise comparison and network
meta-analysis between NCT and surgery may be attributed to the
mixed tumor types as the two major histopathological types of
esophageal cancer, ESCC and EAC, vary in epidemiology, etiology and
pathogenesis[2,3]. In recent years, several genome analyses on
esophageal cancer enriched our understanding that ESCC and EAC
are distinct diseases at a molecular level, where ESCC is more similar
to squamous cell carcinoma from other organs while EAC resembles
a chromosomally unstable variant of gastric cancer [48—50]. It is
rather important to design different treatment strategies and sepa-
rate clinical trials for treating and studying ESCC and EAC [51]. Our
findings support this point of view from the clinical perspective by
the subgroup analysis results showed that ESCC and EAC patients
exhibit different sensitivities to neoadjuvant therapies when com-
pared with surgery alone.

Network meta-analysis shows little benefit of NCT over surgery
alone in EC patients, however subgroup analysis on the ESCC identi-
fied an advantage in terms of OS for NCT based on 791 accessible
ESCC patients from seven studies. Besides, the advantages of NCRT
over NCT regarding OS and DFS in all included patients was dimin-
ished in ESCC subpopulation. Here, we found that locally advanced
ESCC patients not only benefit from NCRT but also NCT regarding OS
when compared with surgery alone while there is no clear evidence
supporting which of the two neoadjuvant treatments is a better solu-
tion in both short-term and long-term outcomes. With respect to the
EAC subpopulation, pairwise comparisons and network meta-analy-
sis showed no significant differences of the three treatment options.
Some cautions should be used before making recommendations
based on these results. One reason is that only few studies could be
included for data synthesizing with only one study comparing NCT
with surgery alone. Another reason is that a high heterogeneity exists

(I>=80%, p<0-01) in the comparison of NCRT with surgery alone (sup-
plementary figure 9b). The heterogeneity may come from the study
by Burmeister et al. [34], which only used one cycle chemotherapy
with relatively lower dose of radiotherapy (35 Gy) as neoadjuvant
treatment (table 1).

Notably, we excluded the perioperative chemotherapy strategy in
this study design. Some previous meta-analyses mixed perioperative
chemotherapy with NCT [52,53], but we preferred to regard perioper-
ative chemotherapy as a different therapeutic strategy. Perioperative
chemotherapy plus surgery is meanwhile the standard treatment for
locally advanced gastric cancer patients [54]. Several important RCTs
in gastric cancer research like the MAGIC and FLOT trials included
20%—40% adenocarcinoma of the lower esophagus or AGE] patients
reporting promising survival benefits for perioperative chemother-
apy [55,56]. Similar results were also reported in a RCT consisting of
75% EAC and AGE] patients [57]. Our original study design was to
compare NCRT with perioperative chemotherapy on EAC patients.
However, as shown in supplementary figure 9, there are relatively
few accessible studies on EAC patients. In addition, during the litera-
ture searching and data extraction process, it has been found that
most of the EAC/AGE] patients in perioperative chemotherapy studies
underwent gastrectomy rather than esophagectomy and their sur-
vival results were mixed with results of gastric cancer patients.
Therefore, it did not display strong reliability to guide EAC treatment
fully based on this rather gastric cancer-based data. There are two
ongoing clinical trials comparing perioperative chemotherapy (modi-
fied MAGIC regimen and FLOT regimen) with the NRCT (CROSS regi-
men) focusing mostly on EAC/AGE] patients [58,59]. Here, we are
looking forward to the future results from above trials.

Several limitations of this study should be addressed. Firstly, we
only compared the three treatment strategies generally, without con-
sidering that there are internal differences within each treatment
strategy among studies (eg: chemotherapy regimens, radiation tech-
niques, radiation fractions and total doses). In the history of EC treat-
ment, each therapeutic strategy came along with controversies [3].
Thus, we summarized detailed therapeutic regimens in table 1 for
the readers’ reference. There is a three-arm phase III trial (JCOG1109)
that comprise a two-drug chemotherapy regimen versus a three-
drug chemotherapy regimen versus a chemoradiotherapy regimen in
ESCC patients currently ongoing in Japan [60]. With more similar
RCTs comparing specific different regimens [58—-60], future network
meta-analysis could be conducted with more detailed comparisons
between EC treatment regimens. Secondly, we did not perform indi-
vidual patient data meta-analysis which theoretically could provide
higher evidence level than network meta-analysis. However, it is
methodologically reliable to use network meta-analysis to compare
neoadjuvant treatments of EC due to relatively few direct compari-
sons (only four studies) between NCRT and NCT while there were
already many RCTs comparing NCRT or NCT with surgery alone (indi-
rect evidence). In contrast, using individual patient data meta-analy-
sis to compare NCRT and NCT can only obtain patients’ information
from the four studies without considering large data-based indirect
evidence. Thirdly, since there is no well-accepted statistic method to
test the similarity of included studies, we can only judge the transi-
tivity of our network meta-analysis relatively subjectively. Our net-
work meta-analysis has a strong transitivity because every included
study strictly meets the same PICOS principle, and there are similari-
ties among neoadjuvant radiotherapy doses (around 40 Gy), chemo-
therapy regimens (platinum based) as well as surgical strategies
among studies (table 1). In addition, the present study also has poten-
tial publication and selection bias. For example, we only included
studies reported in English and we could not access the essential
information of a few suitable studies (Supplementary information 2).
However, adjusted funnel plots showed an acceptable publication
bias and its effect is further mitigated by the comprehensive inclusion
of RCTs. Despite these limitations, the global and local consistency of
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our network meta-analysis model as well as the consistency of sensi-
tivity analysis and our main results indicate that our findings are
robust.

In conclusion, our study corroborated current guidelines and
addressed the importance of independently studying esophageal
cancer according to histopathological types. The results of this net-
work meta-analysis demonstrate that locally advanced ESCC patients
can benefit from both NCRT and NCT regarding overall survival when
compared with surgery alone. There is no clear evidence supporting
the optimal neoadjuvant treatment strategies between NCRT and
NCT in treating locally advanced ESCC patients. More RCTs comparing
different therapeutic strategies in EAC patients are warranted.
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