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ABSTRACT

Background: The optimal treatment approach for T4 esophageal cancer is not well established. We
aimed to perform a systematic review and meta-analysis to determine the survival rates and safety of
chemoradiotherapy followed by surgery (CRT-S) and chemoradiotherapy alone (CRT) in patients with
T4 Nany MO esophageal cancer.

Materials and Methods: We searched databases for eligible prospective or retrospective studies. The
outcomes of interest were overall survival (OS) at 1, 3 and 5years, treatment-related fistula formation
and mortality rates. Meta-analyses were performed using the random effects models separately for
studies evaluating CRT-S and CRT. Subgroup analyses were performed based on histology, radiation
dose, chemotherapy regimen and duration of the interval between CRT and surgery.

Results: We identified 23 studies including 1,119 patients with predominantly squamous cell carcin-
oma (93%) and adenocarcinoma (3%) histology. The OS rates of patients receiving CRT-S were 65%,
36% and 20% at 1, 3 and 5years, respectively. The OS rates of patients receiving CRT were 30%, 11%
and 10% at 1, 3 and 5 years, respectively. Treatment-related fistula formation rates were 4% for CRT-S
and 9% for CRT. Treatment-related mortality rates were 3% for both groups. Subgroup analyses
showed that the interval of >2months between CRT and surgery was associated with significantly
improved OS rates at 1, 3 and 5 years.

Conclusion: Chemoradiotherapy is an efficacious treatment approach for T4 esophageal cancer, with
clinically acceptable rates of treatment-related fistula formation and mortality. Tri-modality approach
with surgery can be considered in carefully selected patients. Our study findings should be interpreted
with caution due to the lack of high-quality evidence. Randomized controlled trials are warranted to
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confirm these findings.

Introduction

The incidence of esophageal cancer is 3.1% among all new
cancer cases with five-year survival of up to 30% (AJCC) [1,2].
The incidence of T4 tumors is reported to be 16 to 34%
among patients with esophageal cancer [3,4]. T4 esophageal
tumors denotes adjacent organ invasion, such as airway (50
to 60%), great vessels (18 to 20%), heart and vertebral
body [5,6].

T4 esophageal cancer presents a challenging therapeutic
dilemma with no established standard therapy. Multimodality
treatment strategy has generally been employed. However,
the prognosis is still guarded, because these tumors are
technically challenging to resect with clear margins [7,8]. The
two widely practiced treatment approaches are chemoradio-
therapy followed by surgery (CRT-S) and chemoradiotherapy
alone (CRT). Previous prospective studies reported the effi-
cacy of these approaches for T4 esophageal cancer [9-11].
For instance, Fujita et al. reported 5-year overall survival (OS)

of 17% with CRT-S and 13% with CRT [9]. These studies are
limited by their non-randomized study design and small
sample sizes, and the efficacy of these treatment strategies
was largely extrapolated from the findings of the landmark
trials on locally invasive esophageal cancer. Two randomized
controlled trials (RCTs), CROSS trial and RTOG 8501, reported
survival benefits with combined modality treatments for
locally advanced esophageal cancer [12,13]. However,
patients with T4 tumors were excluded from these trials
because the eligible patients had to have resectable disease,
which is often not the case for most patients with T4 tumors.
A Cochrane meta-analysis demonstrated that the addition of
surgery to chemoradiotherapy improved local control in
patients with T3-T4 and/or node-positive esophageal cancer,
but the outcomes for T4 tumors were not reported separ-
ately in the included RCTs [14].

Curative treatments of T4 esophageal cancer are associ-
ated with high morbidity and mortality. One dreaded
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treatment complication is fistula formation. Patients with T4-
staged tumors are up to 2.6 times more likely to develop an
esophageal fistula during or after treatment, compared to
early-stage tumors [7,15-17]. Deeper tumor invasion depth,
tumor shrinkage during therapy and relatively slower normal
tissues repair are the factors that cause the formation of a
fistula connecting to the neighboring structures. The overall
incidence of fistula formation remains unclear currently. The
development of fistula during or after treatment is linked to
poor survival outcome [18]. Intercurrent death may occur
owing to complications, such as pneumonia due to an
esophageal-pulmonary fistula, massive bleeding due to an
esophageal-aortic fistula and mediastinitis due to an esoph-
ago-mediastinal fistula [7,8].

The previous systematic review was limited by the inclu-
sion of a heterogenous group of patients such as M1 lymph
node metastases and the lack of meta-analysis to quantita-
tively summarize the treatment outcomes [19]. Hence, we
aimed to perform a systematic review and meta-analysis to
evaluate the survival rates and safety of CRT-S and CRT in T4
esophageal cancer.

Material and methods
Evidence acquisition

The Population, Intervention, Control, Outcomes and Study
Design method was used to define literature inclusion crite-
ria (Supplementary Data 1) [20-22]. The Preferred Reporting
Iltems for Systematic Reviews and Meta-analyses (PRISMA)
2020 and the Meta-analysis of Observational in Epidemiology
(MOOSE) reporting guidelines were used [23,24]. A compre-
hensive search was performed in PUBMED/MEDLINE, Embase
and Cochrane Databases from their date of inception to 31
January 2021. The search strategy applied was ‘esophagus’,
‘cancer’, ‘chemoradiotherapy’, ‘surgery’ and ‘T4’ with their
synonyms and MeSH terms (Supplementary Data 2). We also
performed hand search for additional articles through the
reference lists of obtained articles. We used an online soft-
ware, COVIDENCE for study screening and selection.

Inclusion criteria included prospective or retrospective
studies with (1) patients with histologically confirmed clinical
T4 N,y MO esophageal cancer, (2) multi-arm or single-arm
study design, (3) all patients in a treatment arm underwent
CRT-S or CRT, and (4) at least the primary outcome measure
(5-year overall survival) or at least 1 of the secondary out-
come measures (incidence of treatment-related fistula forma-
tion or treatment-related mortality) was reported. Salvage
surgery was allowed and included in the CRT-S treatment
group. Exclusion criteria included (1) systematic reviews or
case reports, (2) studies that included patients with M1
lymph node metastases, and (3) studies not published
in English.

Center for Evidence-Based Medicine levels of evidence
were assigned next to each of the included studies [25].
Table 1 depicts study and patient characteristics; Table 2
depicts treatment characteristics.
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Outcome measures and data extraction

The primary outcome measures were overall survival (OS)
rates at 1, 3 and 5years. The secondary outcome measures
were the rate of treatment-related fistula formation and the
rate of treatment-related mortality.

OS was defined from the date of treatment initiation to
the date of all-cause death. Studies that defined OS differ-
ently or did not provide clear definition of OS were excluded
from the meta-analysis. When outcome measure rates were
not reported in the article text, Kaplan-Meier curves were
digitized using Plot Digitizer (Digitzelt Version 2.5) to extract
the pertinent values at 1, 3 and 5 years. This process was per-
formed by two reviewers (CCL and YYS) and discussed with
a third reviewer (JT). Treatment-related fistula was defined as
the presence of any esophageal-pulmonary fistula, esopha-
geal-aortic fistula and/or esophago-mediastinal fistula that
developed during or after any treatment modality including
surgery, chemotherapy and radiotherapy. Treatment-related
mortality was defined as death directly caused by any treat-
ment modality including surgery, chemotherapy and
radiotherapy.

Data extraction was conducted and reviewed by three
reviewers independently (CCL, YYS, JT), with consensus
attained among the reviewers. Data regarding study, patient,
tumor and treatment characteristics were recorded as
reported in Tables 1 and 2.

Individual study effect sizes were modeled as proportions.
The denominator was determined by the total number of
patients included for the analysis of the particular outcome
measures of interest. The numerator was calculated by multi-
plying the denominator by the percentage of patients expe-
riencing the respective outcome measure of interest at a
prespecified time. For example, if 100 patients were enrolled
in a study and the one-year OS rate was 80%, then the
numerator would be 100 multiplied by 80%. For each forest
plot, the numerator was rounded to the nearest whole num-
ber. Each proportion was then expressed as a percentage by
dividing the denominator into numerator.

Assessment of methodological quality of
included studies

We adopted the Newcastle-Ottawa Scale (NOS) tool to assess
the methodologic quality of the eligible studies as we
included non-comparative studies in this review [26]. This
assessment tool contains three domains: (1) selection, (2)
comparability, and (3) outcome. Selection domain assessed
the representativeness of the exposed cohort, selection of
the non-exposed cohort, ascertainment of exposure and
demonstration that outcome of interest was not present at
start of study. Comparability domain described if the study
controlled for the important confounders, for example in our
study, age, pathological complete response, extend of surgi-
cal resection and lymph node involvement. Outcome domain
comprised of the assessment of outcome, adequacy of fol-
low-up duration for outcomes to occur and adequacy of fol-
low-up of cohorts.
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Table 1. Study and patient characteristics.

Histology, n (%) Tumor location, n (%)

Median

CEBM Study  Sample follow-up in Median age in Upper third/  Middle  Lower
Author level  Year design size, N month (range) year (range) ScC AC Other Cervical third third
CRT-S
Akutsu et al. 2b 2015  Retro 40 NR NR 40 (100) 0 (0) 0 (0) 10 (25) 23 (58) 7(17)
Booka et al. (a) 2b 2020  Retro 18 NR 62 (51-70) 18 (100) 0 (0) 0 (0) 7 (39) 9 (50) 2(11)
Defize et al. (a) 2b 2020  Retro 24 NR NR 23 (96) 1(4) 0 (0) 23 (96) 1(4) 0 (0)
Fujita et al. (a) 2b 2005 PC 30 51 (NA) NR 30 (100) 0 (0) 0 (0) NR NR NR
lkeda et al. 2b 2001 P2 37 NR NR 37 (100) 0 (0) 0 (0) 19 (51) 16 (43) 2 (6))
Manzoni et al. 2b 2007 Retro 51 136 (6-204) 58 (40-75) 51 (100) 0 (0) 0 (0) 21 (41) 21 (41)  9(18)
Miyoshi et al. 2b 2009  Retro 42 NR NR 42 (100) 0 (0) 0 (0) 12 (28) 23 (55) 7(17)
Morimoto et al. 2b 2018  Retro 32 NR 66 (46- 80) 32 (100) 0 (0) 0 (0) 2 (6) 28 (88) 2 (6)
Noguchi et al. (a) 2b 2003  Retro 24 NR NR 24 (100) 0 (0) 0 (0) NR NR NR
Ohira et al. (a) 2b 2015 Retro 40 NR NR 40 (100) 0 (0) 0 (0) NR NR NR
Ohkura et al. 2b 2019  Retro 33 NR NR 33 (100) 0 (0) 0 (0) 21 (64) 12 (36)
Pimiento et al. 2b 2013 Retro 45 27 (0-122) 60 (31-79) 6 (13) 36 (80) 3 (7) NR NR NR
Seto et al. (a) 2b 2007  Retro 59 NR NR 59 (100) 0 (0) 0 (0) NR NR NR
Sugawara et al. (a) 2b 2019  Retro 31 NR 63 (50-81) 31 (100) 0 (0) 0 (0) 10 (32) 17 (55) 4 (13)
Van Raemdonck et al. 2b 1997  Retro 18 19 (2-36) 58 (37-71) 18 (100) 0 (0) 0 (0) NR NR NR
Yamaguchi et al. (a) 2b 2018  Retro 13 NR 61.0 (57-67) 13 (100) 0 (0) 0 (0) 7 (54) 6 (46) 0 (0)
Yano et al. (a) 2b 1999  Retro 27 NR NR 27 (100) 0 (0) 0 (0) NR NR NR
CRT
Booka et al. (b) 2b 2020  Retro 71 NR 66 (47-80) 71 (100) 0 (0) 0 (0) 19 (27) 37 (52) 15 (21)
Crosby et al. 2b 2004  Retro 27 NR NR NR NR NR NR NR NR
Defize et al. (b) 2b 2020  Retro 20 NR NR 19 (95) 1(5) 0 (0) 9 (45) 11 (55) 0 (0)
Font et al. 2b 2007 Retro 19 NR NR NR NR NR NR NR NR
Fujita et al. (b) 2b 2005 PC 23 51 (NA) NR 23 (100) 0 (0) 0 (0) NR NR NR
Jingu et al. 2b 2016  Retro 70 46 (5-127) NR 70 (100) 0 (0) 0 (0) NR NR NR
Li et al. 2b 2016  Retro 56 34 (7-50) 60 (42-72) 56 (100) 0 (0) 0 (0) 13 (23) 25 (45) 18 (32)
Noguchi et al. (b) 2b 2003 Retro 17 NR NR 17 (100) 0 (0) 0 (0) NR NR NR
Ohira et al. (b) 2b 2015  Retro 51 NR NR 51 (100) 0 (0) 0 (0) NR NR NR
Ohtsu et al. 2b 1999 P1 36 NR NR 36 (100) 0 (0) 0 (0) NR NR NR
Satake et al. 2b 2016 P2 20 NR NR 20 (100) 0 (0) 0 (0) NR NR NR
Seto et al. (b) 2b 2007 Retro 29 NR NR 29 (100) 0 (0) 0 (0) NR NR NR
Sugawara et al. (b) 2b 2019  Retro 42 NR 64 (44-79) 42 (100) 0 (0) 0 (0) 13 (31) 25 (59) 4 (10)
Yamaguchi et al. (b) 2b 2018  Retro 58 NR 64.5 (58-71) 58 (100) 0 (0) 0 (0) 34 (59) 24 (41) 0 (0)
Yano et al. (b) 2b 1999  Retro 16 NR NR 16 (100) 0 (0) 0 (0) NR NR NR

AC: adenocarcinoma; CEBM: Center for Evidence-Based Medicine; CF: cisplatin and 5-fluorouracil; D: docetaxel; DCF: docetaxel, cisplatin and 5-fluorouracil; NA:
not available; NR: not reported; P1: phase 1; P2: phase 2; PC: prospective cohort; Retro: retrospective; SCC: squamous cell carcinoma.

All the included studies were judged by two reviewers
(CCL and YYS) using the Newcastle-Ottawa checklist to be
low-to-moderate quality (for example, the highest point
scored was 6 out of the maximum of 9 points)
(Supplementary Data 3).

Statistical analysis

Statistical analyses were performed using R Studio, version
1.4.1106 (R Foundation for Statistical Computing) [27]. The
meta-analysis for R (metafor) package, version 2.4-0 and
General Package for Meta-Analysis (meta), version 4.13-0
were used to perform the random effects meta-analyses and
tests for heterogeneity (> and t%) [28,29]. A 0.5 continuity
correction was applied for studies with an event probability
of 0 [30,31]. Sensitivity analyses were performed using
restricted maximum likelihood method and Knapp-Hartung
adjustment model [31]. Weighted random-effect models
were used to determine an overall summary estimate for
each outcome measure and were depicted on a forest plot
with its corresponding 95% confidence interval (Cl). A ran-
dom-effects model was used [32,33]. The R code used to

generate each of these analyses is in the
Supplementary Data 5.

Heterogeneity was assessed using the I* and t? statistics
[34,35]. Although heterogeneity was considered significant if
I was more than 50%, there are limitations of the I statistic,
such as its high sensitivity to individual study sample sizes;
hence, we also provided 12 to quantify study heterogeneity,
which has been calculated using an arcsine transformation,

with the value ranging from 0 to t [36-38].

provided

Subgroup analysis

Subgroup analyses were performed to determine if the
results were influenced by: histology (studies that included
squamous cell carcinoma (SCC) only versus studies that
included other non-SCC histologic types such as adenocar-
cinoma), radiation dose (>50Gy vs <50 Gy for CRT-S; >60 Gy
vs < 60Gy for CRT), chemotherapy regimen (cisplatin-5-fluo-
rouracil (CF) vs non-CF regimen) and interval between che-
moradiotherapy and surgery (<2months vs >2months, for
CRT-S group). Interaction tests were used to compare differ-
ences between estimates from different subgroups.
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Table 2. Treatment characteristics.
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Interval between Total RO Pathological Treatment-related
Treatment completion of radiation ~ Chemotherapy  resection, complete fistula Treatment-related

Author approach  CRT and surgery  dose, Gy regimen n (%) response, n (%)  formation, n (%) death, n (%)
CRT-S
Akutsu et al. CRT-S 3-4 weeks 40 or 53 CF NR 8 (20) NR 1(3)
Booka et al. (a) CRT-S Median 135 60 CF 14 (78) 5(28) NR 0 (0)

(range: 43-756)
Defize et al. (a) CRT-S 6-8 weeks 50.4 CcP 22 (92) 11 (46) NR 1(5)
Fujita et al. (a) CRT-S 1 month 36 (+24%) CF 18 (34) 7 (30) NR 2 (7)
lkeda et al. CRT-S NR 60 CF NR 103) 5 (14) 103)
Manzoni et al. CRT-S NR 50-60 DCF 19 (39) 7 (14) NR 5 (10)
Miyoshi et al. CRT-S NR 40 CF 42 (100) 9 (21) NR 0 (0)
Morimoto et al. CRT-S 6-8 weeks 4114 CF/ DCF 30 (93) 13 (40) NR 0(0)
Noguchi et al. (a) CRT-S NR 40 CF NR 4 (17) NR 5(21)
Ohira et al. (a) CRT-S NR 40 or 50 NR 36 (90) NR NR 1(3)
Ohkura et al. CRT-S NR 50.4-71.4 CF 14 (42) 3(9 1(3) 0 (0)
Pimiento et al. CRT-S NR NR NR 43 (95) 19 (42) 1(2) 1)
Seto et al. (a) CRT-S NR 40 CF 45 (76) 8 (14) NR 3 (5)
Sugawara et al. (a) CRT-S 2-4 months 50.4-65.4 FS+ C/N 22 (71) 12 (39) NR 3 (10)
Van Raemdonck et al. CRT-S 2 months 36-50 NR 14 (78) 3(17) 1(6) 0 (0)
Yamaguchi et al. (a) CRT-S 4-6 weeks 30.0-41.4 CF 10 (77) NR NR 1(8)
Yano et al. (a) CRT-S NR 40 CF 20 (74) 7 (26) 0 (0) 0 (0)
CRT
Booka et al. (b) CRT - 60 CF - - NR NR
Crosby et al. CRT - 50 CF - - 4 (15) 0(0)
Defize et al. (b) CRT - 50.4 CcP - - NR NR
Font et al. CRT - 66 D - - NR 2(11)
Fujita et al. (b) CRT - 60 CF - - 9 (39) 5 (23)
Jingu et al. CRT - 50-70 NR - - 5(7) 34
Li et al. CRT - 54-60 NR - - 6 (11) 5(9)
Noguchi et al. (b) CRT - 60 CF - - NR NR
Ohira et al. (b) CRT - 60 NR - - NR 3 (6)
Ohtsu et al. CRT - 60 CF - - 5 (14) 2 (6)
Satake et al. IC— CRT - 60 DCF-> CF - - 3 (15) 0 (0)
Seto et al. (b) CRT - 60 CF - - NR 0 (0)
Sugawara et al. (b) CRT - 50.4-65.4 FS+ C/N - - NR NR
Yamaguchi et al (b) CRT - 50.0-61.2 CF - - 2(3) 1(2)
Yano et al. (b) CRT - 60 CF - - 2 (13) 1(6)

CF: cisplatin and 5-fluorouracil; CP: carboplatin and paclitaxel; CRT: chemoradiotherapy; CRT-S: chemoradiotherapy followed by surgery; DCF: docetaxel, cisplatin
and 5-fluorouracil; D: docetaxel; FS 4 C/N: 5-fuorouracil or oral S-1 with cisplatin or nedaplatin; IC: induction chemotherapy; NR: not reported.

Post-operative dose.

Results
Study characteristics

The flow diagram of study selection is illustrated in Figure 1.
We excluded eight studies that involved patients with M1
lymph node metastases [8,10,39-44] and three studies that
evaluated the outcomes of patients who received other
treatment approaches other than CRT-S and CRT [45,46,47].
Twenty-three eligible non-comparative studies comprising
1119 patients were identified (Figure 1). These included four
prospective (two phase Il [10,48], one phase | [11] and one
prospective cohort studies [9]) and 19 retrospective cohort
studies [6,49-66]. The studies were published between 1997
and 2020 as reported in Table 1. The countries included
Japan [9-11,48-50,52-56,58,59,61,62,65], United States [57],
United Kingdom [63], the Netherlands [51], Italy [6], Spain
[64], Belgium [60] and China [66]. The median sample size
was 43 (range, 18 to 91). Seventeen studies including 564
patients reported on CRT-S [6,9,48-62], whereas 15 studies
including 555 patients on CRT [9,10,11,50,51,54,55,58,59,61,
62,63,64,65,66]. The study population was comprised of pre-
dominantly SCC (92.5%; 1035/1119), followed by adenocar-
cinoma (3.4%%; 38/1119) and other histologic types (0.3%; 3/
1119). The histology of the remaining 43 patients was not

reported (3.8%). The tumors were most often located at the
middle third of esophagus (20.2%; 266/1119), followed by
cervical or upper third (10.6%; 199/1119) and lower third
(6.3%; 70/1119). The data of tumor location was unavailable
for the remaining 584 patients. The prescribed radiation
doses ranged from 30 to 71.4 Gy for CRT-S group and from
50 to 70Gy for CRT group. Most studies used CF doublet
chemotherapeutic regimen [9,11,48-50,52-54,56,58,61-63].
One study administered induction chemotherapy using doce-
taxel-cisplatin-5-fluorouracil (DCF) followed by concurrent
chemoradiotherapy with CF [10].

Among patients who underwent surgical resection after
neoadjuvant chemoradiotherapy, the median rates of com-
plete resection (RO) and pathological complete response
were 78% (range, 34% to 100%) and 21% (range, 3% to 46%)
(Table 2).

Overall survival

Thirteen studies defined OS as the duration from the date of
treatment initiation to the date of all-cause death
[6,9,11,49,51-54,58,62,64-66]. We included these studies into
meta-analyses.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (

Chemoradiotherapy followed by surgery

The pooled estimates of 1-, 3- and 5-year OS were 65% (95%
Cl, 46% to 81%), 36% (95% Cl, 24% to 50%) and 20% (95%
Cl, 9% to 34%) for CRT-S group (Figure 2(A-C)). There was
significant heterogeneity among the studies for 1-year OS
(I°= 80%; t>= 0.07; p < 0.01), 3-year OS (I = 89%; 1> = 0.03;
p<001) and 5-year OS (> = 85% 1> = 004
p < 0.01) outcomes.

Chemoradiotherapy alone

The pooled estimates of 1-, 3- and 5-year OS were 30% (95%
Cl, 21% to 40%), 11% (95% Cl, 4% to 22%) and 10% (95% Cl,
2% to 22%) for CRT group (Figure 2(D-F)). There was signifi-
cant heterogeneity among the studies for 1-year OS (I°=
64%; 1° = 0.01; p<0.01), 3-year OS (> = 80%; 1> = 0.03;
p <0.01) and 5-year OS (> = 76%; 1> = 0.03; p < 0.01) out-
comes (Figure 2(D-F)).

Rates of treatment-related fistula formation

Five studies provided rates of fistula formation related to
CRT-S [48,56,57,60,62], whereas seven studies provided rates
of fistula formation related to CRT [10,11,61,62,63,65,66]. The
pooled estimates of the rates of treatment-related fistula for-
mation were 4% (95% Cl, 0% to 9%) in CRT-S group

PRISMA) flow diagram.

[48,56,57,60,62] and 9% (95% Cl, 5% to 13%) in CRT group
[10,11,61-63,65,66], respectively (Figure 3(A,B)). There was no
significant heterogeneity among the studies for treatment-
related fistula formation rate outcome in CRT-S (1> = 39%;
1 < 001; p=0.16) and CRT (°= 7%; 1> < 001,
p =0.37) groups.

Rates of treatment-related mortality

Seventeen studies provided rates of treatment-related mor-
tality after CRT-S [6,9,48-62], whereas 10 studies provided
rates of fistula formation after CRT [10,11,55,58,61-66]. The
pooled estimates of the rates of treatment-related mortality
were 3% (95% Cl, 1% to 5%) in CRT-S group [6,9,48-62] and
3% (95% Cl, 1% to 6%) in CRT group [10,11,55,58,61-66],
respectively (Figure 3(C,D)). There was no significant hetero-
geneity among the studies for treatment-related mortality
rate outcome in CRT-S (I°= 35%; 1> < 0.01; p=0.08) and
CRT (I°= 11%; t* < 0.01; p=0.34) groups.

Sensitivity analysis

Sensitivity analyses performed using restricted maximum
likelihood method and Knapp-Hartung adjustment model
demonstrated similar findings for all the outcomes including
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Study Events Total (A) Proportion 95%-Cl Weight
Akutsu(i) 20 28 0.71 [051;087] 11.2%
Akutsu(i) 9 12 0.75 [043;095] 97%
Defize 20 24 0.83 [063;095] 11.0%
Fujita 22 30 0.73 [054;088] 11.3%
Miyoshi 28 42 0.67 [0.50;0.80] 11.6%
Morimoto 30 32 094 [0.79;099] 11.3%
Noguchi 9 24 0.38 [0.19;059] 11.0%
Seto 40 59 068 [0.54;0.79] 11.9%
Yano 2 2718 — 0.07 [0.01;024] 11.1%
Random effects model 278 0.65 [0.46; 0.81] 100.0%

Heterogeneity: /% = 89%, 1° = 0.0668, p <0.01
02 04 06 08

Study Events Total (B) Proportion 95%-Cl Weight
Akutsu(i) 13 28 046 [0.28;066] 9.9%
Akutsu(i) 5 12 042 [0.15;0.72]) 79%
Defize 12 24 050 [0.29;0.71] 96%
Fujita 8 30 * 027 [0.12;0.46] 10.1%
Manzoni 5 51 B— 0.10 [0.03;0.21] 10.9%
Miyoshi 19 42 — 045 [0.30;061] 10.7%
Morimoto 21 32 —— 066 [0.47;0.81] 10.2%
Noguchi 2 24— 008 [0.01;027] 96%
Seto 22 59 — 037 [0.25;051] 11.1%
Yano 13 27 — 048 [0.29;068] 9.9%
Random effects model 329 —— 0.36 [0.24; 0.50] 100.0%
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Figure 2. Pooled estimates of overall survival at 1, 3 and 5years in patients with T4 esophageal cancer treated with chemoradiotherapy followed by surgery (A, B
and G, respectively) and chemoradiotherapy alone (D, E and F, respectively). Cl: confidence interval.
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Figure 2. Continued.

1-, 3- and 5-year OS as well as treatment-related fistula for-
mation and mortality rates (Supplementary Data 4).

For example, using restricted maximum likelihood
method, the pooled estimates of 1-year OS were 65%
(95% Cl, 45% to 82%) for CRT-S group and 30% (95% Cl,
21% to 40%) for CRT group. Using Knapp-Hartung adjust-
ment model, the pooled estimates of 1-year OS were
65% (95% Cl, 42% to 85%) for CRT-S group and 30%
(95% ClI, 19% to 42%) for CRT group (Supplementary
Data 4).

Subgroup analysis

Subgroup analyses showed that there were no significant
effect modifications by histology, radiation dose and chemo-
therapy regimen. In CRT-S group, patients with the interval
of >2months between CRT and surgery had significantly
improved OS rates at 1, 3 and 5years, compared to those
with the interval of <2months (1-year, 90% vs 73%; 3-year,
59% vs 37%; 5-year, 47% vs 17%). There was also significant
improvement in the 5-year OS rates with the use of radiation
dose of <50Gy (26% vs 6%) and CF regimen (23% vs 6%) in
the CRT-S group (Supplementary Data 5). Compared to the
studies published before 2010, those published later had sig-
nificantly improved OS rates at 1, 3 and 5years for CRT-S
group (1-year, 83% vs 50%; 3-year, 53% vs 28%; 5-year, 35%
vs 15%), and at 1 and 5years for CRT group (1-year, 42% vs
24%; 5-year, 31% vs 7%).

Discussion

This systematic review and meta-analysis using the best
available evidence summarized the outcomes of patients

who received CRT-S and CRT for non-metastatic T4 esopha-
geal cancer. The pooled estimates of 1-, 3- and 5-year OS
were 65%, 36% and 20% for CRT-S group, and 30%, 11% and
10% for CRT group. The rates of treatment-related fistula for-
mation were 4% in CRT-S and 9% in CRT. The rates of treat-
ment-related deaths were similarly low at 3% between two
treatment groups.

The previous reviews suggested that CRT-S was superior
to CRT with respect to local disease control and short-term
survival but was associated with relatively increased peri-
operative mortality and morbidity [19,67]. However, these
reviews were limited by the absence of comprehensive
search strategy, methodologic quality assessment of the
included studies and meta-analysis. In addition, the overall
patient population in the review was heterogeneous and
included studies with patients with M1 lymph node metasta-
ses such as cervical lymph node. In our review, we included
only studies with non-metastatic T4 disease and four new
studies through the updated search [46,50,56,61] and per-
formed meta-analysis to estimate the pooled outcomes.

Based on our subgroup analysis, we observed that
patients with longer interval between CRT and surgery of
more than 2months had significantly improved OS rates at
1, 3 and 5years, compared to those with shorter interval.
Data on esophageal and gastroesophageal cancers in the
CROSS study showed 23.6% complete histological response
in patients operated <8weeks after CRT and 43.1% in
patients operated >8weeks after CRT [12]. Complete patho-
logic response rate has been shown to predict superior OS
[68]. There is an increasing body of data from the treatment
of other primary malignancies such as rectal cancer indicat-
ing that the timing of surgery after CRT may have a strong
beneficial impact on the tumor response after CRT [69,70].
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Figure 3. Pooled estimates of treatment-related fistula formation rates and mortality rates in patients with T4 esophageal cancer treated with chemoradiotherapy
followed by surgery (A and C, respectively) and chemoradiotherapy alone (B and D, respectively). Cl: confidence interval.
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However, a meta-analysis including 12621 esophageal cancer prognostic role of the time interval between CRT and surgery
patients from 16 cohort studies demonstrated that patients in esophageal cancer is still controversial.

with a longer time interval between neoadjuvant CRT and Our study demonstrated that patients treated with CRT-S
esophagectomy had significantly worse OS [71]. Thus, the had lower rate of fistula formation, compared to those
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treated with CRT (4% vs 9%). There are several possible
explanations. This might be due to patient selection, where
those patients with fistula formation before or during che-
moradiotherapy may not be suitable for surgery. Moreover,
majority of the studies are retrospective in nature and the
rate of fistula complication may be underreported. Our study
also demonstrated that studies that the use radiation dose of
50Gy and less, CF chemotherapy regimen and interval dur-
ation of more than 2 months between CRT and surgery were
associated with improved OS rates. These findings are
hypothesis generating. One possible explanation is that the
tumor burden in these studies may be lower which may
influence the investigators to use lower radiation dose as
well as older chemotherapy regimens and prolong the dur-
ation between CRT and surgery.

This study has several strengths. Firstly, we focused exclu-
sively on patients with T4 esophageal cancer without distant
metastases. Secondly, we used robust meta-analysis techni-
ques and sensitivity analytic models to calculate the pooled
estimates of outcome data. Thirdly, we performed subgroup
analyses to determine whether the outcomes were influ-
enced by histology, radiation dose, chemotherapy regimen
and interval to surgery. Fourthly, we employed a validated
quality assessment tool, namely Newcastle-Ottawa scale, to
assess the methodologic quality of the eligible studies.

The limitations of our study include, firstly, statistical com-
parison was not possible between both treatment groups
given the potential patient selection bias where patients
with longer life expectancy and limited medical comorbid-
ities were more likely to have undergone surgery. Secondly,
there was significant heterogeneity across studies and
patient population. The majority of the publications were
small and retrospective. We are not able to perform more
granular analyses because of the lack of individual patient
data. Thirdly, the included studies in our review were largely
performed in Asian countries with predominantly SCC histo-
logic subtype; hence, our study findings may not be general-
ized to the non-Asian population with typically
adenocarcinoma since this epidemiologic disparity has been
reported in the literature [72]. Fifthly, the lack of information
on follow-up time and non-systematic follow-up increases
the risk of data underreporting and is crucial for observations
of our key endpoints such as OS and fistula. Other late
effects such as esophageal stricture, the need for permanent
feeding tube, subsequent heart and lung toxicities are rele-
vant for QOL but not adequately reported.

This study has important implications on this research
area where the knowledge on the treatment outcomes is still
limited. Our study provides useful information including esti-
mated survival benefit and risk quotation which helps clini-
cians in  making treatment recommendations during
consultation so that patients can make informed choices on
therapy options. Both treatment approaches are safe and
efficacious. Careful patient selection for surgery is an accept-
able option. While the outcomes of T4 esophageal cancer
treated with conventional approaches have been unchanged
over past decades and a recent phase Il RCT (ARTDECO)
showed that definitive CRT with dose escalation up to

61.6 Gy did not result in a significant increase in local control
over 50.4 Gy [73], future trials should consider incorporating
novel cancer therapies, such as immune checkpoint inhibi-
tors and modern radiotherapy techniques as part of the
multimodality treatment strategies. A phase-lll placebo-con-
trolled trial has demonstrated that adjuvant nivolumab sig-
nificantly improved disease-free survival in patients with
resected locally advanced esophageal cancer [74]. Proton
beam therapy has been shown to confer dosimetric superior-
ity which may translate into reduction of clinically significant
toxicities in the treatment of locally advanced esophageal
cancer [75]. We also suggest the incorporation of biomarkers
into prognostication model in future clinical trials to allow
better patient selection for radical treatment. For example,
Glasgow Prognostic Score (GPS) based on C-reactive protein
and serum albumin has been proposed to be a useful prog-
nostication tool in patients with T4 esophageal cancer [55].

In conclusion, chemoradiotherapy alone is an efficacious
treatment approach for T4 esophageal cancer, with clinically
acceptable rates of treatment-related fistula formation and
mortality. Tri-modality approach combining chemoradiother-
apy with surgery is a clinically beneficial option in carefully
selected patients. However, our study findings should be
interpreted with caution due to the lack of high-quality evi-
dence. Randomized controlled trials are warranted to confirm
these findings.
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