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Treatment strategies for elderly patients D
with locally advanced esophageal cancer:
a systematic review and meta-analysis

Jiacheng Yao'", Xinyu Zhao'", Jun Chen? Tingting Liu?, Yaowen Song' and Jun Dang'"

Abstract

Background Neoadjuvant chemoradiotherapy (nCRT) followed by surgery remains a standard of care for resectable
esophageal cancer (EC), and definitive chemoradiotherapy (dCRT) is an alternative for unresectable diseases.
However, it is controversial for the use of the two aggressive regimens in elderly patients.

Methods We systematically searched multiple databases for studies comparing overall survival (OS) and/or
progression-free survival (PFS) between dCRT and surgery (nCRT +surgery or surgery alone) or between dCRT and
radiotherapy (RT) alone in elderly patients (age > 65 years) until March 28, 2024. Statistical analysis was performed
using random-effects model.

Results Fourty-five studies with 33,729 patients were included. dCRT significantly prolonged OS (hazard ratio
[HR]=0.64, 95% confidence interval [Cl]: 0.58-0.70) and PFS (HR=0.67, 95% Cl: 0.60-0.76) compared to RT alone for
unresectable EC, and resulted in a worse OS compared to surgery for resectable cases (HR=1.34, 95% Cl: 1.23-1.45).
Similar results of OS were also observed when the multivariate-adjusted HRs were used as the measure of effect (dCRT
vs. RT alone: HR=0.65, 95% Cl: 0.58-0.73; dCRT vs. surgery: HR=1.49, 95% Cl: 1.28-1.74). Subgroup analyses according
to age group (=70, =75, or >80 years), study design, study region, histological type, radiation field, chemotherapy
regimen revealed comparable results.

Conclusions nCRT+surgery is likely a preferred strategy for elderly patients with good physiological conditions; and
dCRT is a better alternative for unresectable cases. Advanced age alone does not appear to be a key predictor for the
tolerability of the two aggressive treatments.

Keywords Surgery, Chemoradiotherapy, Elderly, Esophageal cancer, Meta-analysis

fJiacheng Yao and Xinyu Zhao contributed equally to this work.

*Correspondence:

Yaowen Song

sywlInsysy@163.com

Jun Dang

dangjunsy@163.com

'Department of Radiation Oncology, The First Hospital of China Medical
University, Shenyang, China

’Department of Radiation Oncology, Shenyang Tenth People’s Hospital,
Shenyang, China

3Department of Radiation Oncology, Anshan Cancer Hospital, Anshan,
China

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-024-12853-y&domain=pdf&date_stamp=2024-9-3

Yao et al. BMC Cancer (2024) 24:1101

Introduction

Esophageal cancer (EC) is the seventh most frequently
diagnosed cancer and the sixth leading cause of cancer-
related deaths in the world [1], and approximately 30% of
all newly diagnosed patients are older than 70 years [2].
Neoadjuvant chemoradiotherapy (nCRT) followed by
surgery remains a standard of care for resectable, locally
advanced EC, and definitive chemoradiotherapy (dCRT)
is the standard therapeutic modality for unresectable or
medically inoperable cases [1]. However, either dCRT or
surgery is associated with relatively high toxicity. There-
fore, it is controversial whether the two aggressive strate-
gies are suitable for elderly patients.

A series of studies [3—47] including several random-
ized controlled trials (RCTs) [17, 19, 20, 26] have assessed
efficacy and/or safety of definitive dCRT vs. radiother-
apy (RT) alone or dCRT vs. surgery in elderly patients
with EC, while the results are conflicting. In fact, elderly
patients are a heterogeneous group, with different defi-
nitions from age>65 to >80 years in individual studies.
In addition, the physiological conditions among elderly
patients (such as baseline comorbidity and performance
status) are different, which may affect the tolerance to
treatments. Thus, treatment selection for elderly patients
should be based on individualized assessments.

In light of current issues, we performed a systematic
review and meta-analysis, aiming to explore the opti-
mal treatment strategy for elderly patient with locally
advanced EC.

Methods

Literature search

The Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) 2020 statement [48] was
followed for this study (Supplementary material: Table
S1). Two authors (JY and XZ) independently searched
PubMed, Embase, Cochrane Library, and Web of Sci-
ence for publications until March 28, 2024. Search terms
mainly included: “esophageal neoplasms’, “esophageal
cancer’, “esophageal carcinoma’, “esophagectomy’, “sur-
gery’, “radiotherapy’;, “chemoradiotherapy’, “aged’, “geri-
atric’, “elderly’, and “older” The detailed strategies are

presented in Supplementary material: Table S2.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) studies assess-
ing dCRT vs. RT alone or dCRT vs. surgery (nCRT +sur-
gery or surgery alone) in elderly patients (age>65 years)
with locally advanced EC; (2) reported at least overall
survival (OS) or progression-free survival (PES); and
(3) published in English. Non-comparative studies,
case reports, letters, reviews, and meta-analysis were
excluded.
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Data extraction

Two authors (JY and XZ) independently collected the fol-
lowing information from the included studies: (1) study
characteristics including name of the first author, year
of publication, study design, study region, sample size,
and median follow-up time; (2) patient characteristics
including median age, sex, Eastern Cooperative Oncol-
ogy Group [ECOG] score, histological type, and stage;
(3) treatment characteristics including surgery method,
RT technique and dose, radiation field, and chemother-
apy (CT) regimen; and (4) data of OS, PFS, and grade>3
adverse events (AEs).

Quality assessment

The quality of each study was independently assessed
by two authors (JY and XZ). Risk of bias of RCTs were
assessed using Cochrane Risk of Bias Tool [49], and the
quality of retrospective studies were assessed using the
Newcastle-Ottawa Scale (NOS) [50]. The quality of the
evidences were evaluated using the Grading of Recom-
mendations Assessment, Development, and Evaluations
(GRADE) [51].

Statistical analysis

The outcomes of interest included OS, PES, and grade>3
AEs. A random-effects model was used for statisti-
cal analysis, using the software Review Manager 5.4
(Cochrane Collaboration, Oxford, UK). Hazard ratios
(HRs) or odds ratios (ORs) with their 95% confidence
intervals (Cls) were used as summary statistics. When
not directly described in the studies, HRs with 95% Cls
were calculated according to Tierney’s method [52]. The
heterogeneity was evaluated with I-square (I?) test. A ran-
dom-effects model was used when I>>50%, and a fixed-
effects model was used when 1?<50%. Univariate and
multivariable meta-regression analysis were performed
to search for the sources of heterogeneity. Subgroup anal-
yses were performed according to multivariate-adjusted
HRs, study design, study region, histological type, stage,
radiation field, CT regimen, and age. The stability of the
results were assessed by sensitivity analysis. Publication
bias was evaluated using the funnel plot and the Egger’s
linear regression test [53].

Results

Eligible studies

The initial search retrieved 6232 records. After screen-
ing abstract and/or full text, 3007 duplicates and 3180
articles which did not meet the inclusion criteria were
excluded. Finally, 45 studies [3—47] with 33,729 patients
were eligible. The study selection process are shown in
Fig. 1. Among the 45 studies, 26 studies involving 9105
patients examined dCRT vs. RT alone [3-28], and 19
studies involving 24,624 patients examined dCRT vs.
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PubMed (n=1413)
Embase (n=2131)
Web of science (n=2187)
Cochrane Library (n=501)

Records in initial search (n=6232)

Records after duplicates removed (n=3225)

»| Records excluded after screening
titles and abstracts (n=3104)

Full articles assessed for eligibility (n=121)

Without HRs data (n=11)
cCRT vs. sCRT (n=5)

o] NCRT+surgery vs. surgery alone (n=3)
Non-comparative studies (n=42)
Elderly vs. younger patients (n=7)
Palliative RT or CRT (n=8)

A 4

(n=45)

Studies included in the meta-analysis

\ 4

dCRT vs. RT alone
(n=26)

dCRT vs. surgery
(n=19)

Fig. 1 Literature search and selection. HR, hazard ratio; cCRT, concurrent chemoradiotherapy; sCRT, sequential chemoradiotherapy; nCRT, neoadjuvant

chemoradiotherapy; dCRT, definitive chemoradiotherapy; RT, radiotherapy

surgery (nCRT+surgery or surgery alone) [29-47].
Tumor stages were based on the criteria of the 6-8th edi-
tion of the American Joint Committee on Cancer (AJCC).
Regarding dCRT vs. RT alone, the majority of patients
had esophageal squamous cell carcinoma (ESCC) and
received three-dimensional radiotherapy (3D-RT) or
intensity modulated radiotherapy (IMRT) technique with
a total dose of 50-70 Gy. Concurrent chemoradiotherapy
(cCRT) was the common regimen used in dCRT group.
The detailed characteristics of studies are presented in
Table 1.

OS and PFS for dCRT vs. RT

Compared to RT alone, dCRT significantly improved OS
(HR=0.64, 95% CI: 0.58-0.70, 1*’=59%) (Fig. 2) and PFS
(HR=0.67, 95% CI: 0.60-0.76, ?’=41%) (Supplementary
material: Figure S1).

Considering the possibility of patient selection bias
which might affect the results, we further compared the
two treatments using adjusted HRs as the measure of
effect. There were 15 and 11 studies reported multivar-
iate-adjusted HRs for OS and PFS, respectively. Similar
results were observed when these adjusted HRs were
used as the measure of effect (OS: HR=0.65, 95% CI:
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Study Weight HR [95%CI] HR [95%C]
Zhang/2014 2.80% —_— 0.47 [0.29, 0.75]
L2015 3.30% —_— 0.61[0.40, 0.93]
Zhao®/2017 2.50% —— 0.41 [0.25, 0.69]
Zhao%2017 2.90% —_— 0.67 [0.42, 1.07]
Chen/2018 1.70% —— 0.21[0.11, 0.40]
Huang/2019(d) 4.10% —_—— 0.61[0.43, 0.87]
Huang/2019(s) 6.60% — 0.72[0.59, 0.88]
Jingu2019 1.10% - 0.87 [0.38, 1.99]
Suzuki/2019 0.70% > 0.55 [0.18, 1.68]
Chen/2020 4.10% —_—— 0.88 [0.62, 1.25]
Jingu2020 4.60% —— 0.53 [0.39, 0.72]
Derby/2021 1.60% - 0.88 [0.45, 1.72]
Jir2021 4.90% —— 0.63 [0.47, 0.84]
Li/2021 1.40% N 1.06 [0.50, 2.25]
Wang/2021 3.60% —— 0.31[0.21, 0.46]
Wu/2021 5.90% —_— 0.71[0.56, 0.90]
Xia/2021 8.80% - 0.59 [0.55, 0.63]
Yan/2022 4.30% D 0.70 [0.50, 0.98]
Jingu2022 8.50% - 0.55 [0.50, 0.60]
Liu?/2022 0.10% - > 0.31[0.01, 9.61]
L2022 1.30% 0.69 [0.32, 1.49]
Liu‘/2022 2.60% —_— 0.77 [0.47, 1.26]
Watanabe/2022 4.20% —_—— 0.69 [0.49, 0.97]
Huang/2023 6.00% —— 0.74 [0.59, 0.93]
Qiw2023 5.50% —_— 0.91[0.71, 1.18]
Saito/2023 1.70% < 1.13 [0.58, 2.20]
Wang/2023 5.40% —_— 0.73 [0.56, 0.95]
Total (95%Cl) 100.00% < 0.64 [0.58, 0.70]
Heterogeneity: Taw? = 0.03; Chi? = 63.88, df = 26 (P < 0.0001); I = 59% . . . .
0.5 1 15 2 25

Test for overall effect: Z = 9.22 (P < 0.00001)

Favours dCRT Favours RT

Fig. 2 Forest plot of HRs comparing OS between dCRT and RT. OS, overall survival; dCRT, definitive chemoradiotherapy; RT, radiotherapy; HR, hazard ratio;
(I, confidence interval; Zhao?, Qian Zhao; Zhao®, Lina Zhao; Liu?, Yanxiao Liu; Liu®, Li-Hua Liu; Liu€, Junging Liu

0.58-0.73, 1?=47%; PFS: HR=0.69, 95% CI: 0.60-0.78,
>=37%) (Supplementary material: Figure S2 and S3).

In subgroup analyses, significantly longer OS with
dCRT was observed in each subgroup, including Asia
(HR=0.65, 95% CI: 0.58-0.73, I*=55%), non-Asia
(HR=0.58, 95% CI. 0.53-0.62, 1?°=31%), prospective
studies (HR=0.69, 95% CL 0.58-0.83, 12=0%), retro-
spective studies (HR=0.63, 95% CI: 0.57-0.70, >=64%),
involved-field irradiation (IFI) (HR=0.58, 95% CI:
0.44-0.76, 1=61%), elective nodal irradiation (ENI)
(HR=0.74, 95% CI: 0.63-0.87, ?’=0%), dCRT using S-1
regimen (HR=0.69, 95% CI: 0.58-0.83, [*=0%), dCRT
using other CT regimens (HR=0.63, 95% CI: 0.57-0.70,
>=64%), stage 2—3 disease (HR=0.66, 95% CI: 0.54—0.81,
I’=60%), ESCC (HR=0.64, 95% CI: 0.58-0.72, I’=57%),
age>70 years (HR=0.62, 95% CI: 0.55-0.70, *°=53%),
age>75 years (HR=0.60, 95% CI: 0.53-0.67, 1*°=29%),
and age>80 years (HR=0.55, 95% CI: 0.50-0.59, I°=0%)
(Fig. 3). dCRT also significantly prolonged PES in all sub-
groups, except subgroup of ENI (Supplementary mate-
rial: Figure S4).

OS for dCRT vs. surgery

Compared to surgery, dCRT resulted in a significantly
worse OS (HR=1.34, 95% CIL 1.23-1.45, I°=76%)
(Fig. 4). Similar results were also observed when the

multivariate-adjusted HRs were used as the measure of
effect (HR=1.49, 95% CI: 1.28-1.74, 1*=65%) (Supple-
mentary material: Figure S5). PFS was not assessed
because most of studies did not reported the data.

In subgroup analyses, significantly decreased OS with
dCRT was observed in the majority of subgroups, includ-
ing Asia (HR=1.21, 95% CI: 1.02-1.44, [*=68%), non-
Asia (HR=1.36, 95% CI: 1.23-1.50, 1°=80%), stage 2—3
disease (HR=1.25, 95% CI: 1.13-1.37, *’=75%), ESCC
(HR=1.32, 95% CI 1.15-1.52, 1?=45%), esophageal
adenocarcinoma (EAC) (HR=1.56, 95% CI: 1.24-1.97,
=91%), nCRT +surgery (HR=1.37, 95% CI: 1.25-1.50,
1>=72%), age>70 years (HR=1.35, 95% CI: 1.23-1.48,
1>=73%), and age>75 years (HR=1.33, 95% CI: 1.19-
1.49, 1°=54%), but not in subgroups of stage 1 disease
(HR=1.17, 95% CI: 0.88-1.56, I>’=0%) and age >80 years
(HR=1.08, 95% CI: 0.86-1.36, 1*=25%) (Fig. 5); dCRT
was associated with a trend of worse OS compared to
surgery alone (HR=1.22, 95% CI: 0.97-1.54, 1*=84%)
(Fig. 5).

Grade =3 AEs

Twelve studies assessing dCRT vs. RT alone [3-5, 7,
8, 10, 15, 17, 19, 20, 23, 26] reported data of the over-
all or individual grade>3 AEs. Compared to RT alone,
dCRT was associated with a significantly higher risk of
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Subgroups No. of studies No. of patients (dCRT/RT) HR(95%CI) HR(95%Cl) 12
Region

Asia 23 2403/2171 — 0.65(0.58-0.73) 55%
Non-Asia 3 2286/2245 —— 0.58(0.53-0.62) 31%
Study design

Prospective 4 428/391 —_— 0.69(0.58-0.83) 0%
Retrospective 22 4261/4025 —— 0.63(0.57-0.70) 64%
Radiation field

IFI 7 679/625 —_— 0.58(0.44-0.76) 61%
ENI 5 433/409 ———— 0.74(0.63-0.87) 0%
CT regimen

S-1 4 428/391 — 0.69(0.58-0.83) 0%
Others 22 4261/4025 ——i 0.63(0.57-0.70) 64%
Histological type

ScC 25 2982/2532 —— 0.64(0.58-0.72) 57%
Stage

Stage 2-3 8 540/489 —— 0.66(0.54-0.81) 60%
Age

Age 270 18 2358/2504 ——i 0.62(0.55-0.70) 53%
Age 275 9 1466/1630 —— 0.60(0.53-0.67) 29%
Age >80 5 1289/1330 —— 0.55(0.50-0.59) 0%

0 0.2 0.4 0.6 0.8 1 1.2

Favours dCRT Favours RT

Fig. 3 Subgroup analyses for OS in dCRT vs. RT group. OS, overall survival; dCRT, definitive chemoradiotherapy; RT, radiotherapy; CT, chemotherapy; IFI,
involved-field irradiation; ENI, elective nodal irradiation; SCC, squamous cell carcinoma; HR, hazard ratio; Cl, confidence interval

Study Weight HR [95%CI] HR [95%CI]
Grace/2009 5.00% —— 1.22[0.99, 1.50]
Julian/2009 5.20% — 1.92[1.58, 2.33]
Jing/2016 2.90% _— 1.85 [1.27, 2.69)]
Amy/2017 3.20% i T e 1.30[0.92, 1.84]
Vlacich/2017(S alone) 6.50% - 1.33[1.19, 1.49]
Vlacich/2017(nCRT+S) 6.60% - 1.48 [1.34, 1.63]
Koéter/2018 5.20% —_— 1.70 [1.40, 2.06]
Faiz/2019(ADC) 0.20% 0.73[0.13, 4.10]
Faiz/2019(SCC) 1.20% 2.17 [1.09, 4.32]
Verma/2019(S alone) 6.20% = 1.05 [0.92, 1.20]
Verma/2019(nCRT+S) 6.00% = 1.37 [1.19, 1.58]
Rahimy/2020 2.00% 1.95[1.18, 3.22]
Kato/2021 1.70% —_— 1.02[0.58, 1.79]
Hao/2021 6.70% b 1.27 [1.16, 1.39]
Shimonosono/2022(stage2-3) 0.10% 0.20 [0.01, 4.00]
Shimonosono/2022(stage1) 0.40% —_—— 0.37 [0.11, 1.24]
Sawada/2022 0.30% 0.68 [0.16, 2.89]
Gaber/2022(ADC) 6.90% - 1.13[1.05, 1.22]
Gaber/2022(SCC) 5.90% - 1.15[0.99, 1.34]
Yang/2022(S alone) 5.60% - 0.90 [0.76, 1.07]
Yang/2022(nCRT+S) 6.20% == 1.22[1.07, 1.39]
Motoyama/2022 6.30% —— 1.37 [1.21, 1.55]
Jensen/2022(ADC) 2.10% 2.13[1.31, 3.46]
Jensen/2022(SCC) 5.40% — 1.66 [1.38, 2.00]
Bostel/2023 2.00% 1.64 [1.00, 2.69]
Ahmed/2023 0.10% — 2.02[0.17, 24.00]
Total (95%Cl) 100.00% < 1.34 [1.23, 1.45]
Heterogeneity: Tau? = 0.02; Chi? = 103.39, df = 25 (P < 0.00001); 12 = 76% r T T T

Test for overall effect: Z = 6.96 (P < 0.00001) 0 1 2 3 4

Favours dCRT  Favours Surgery

Fig. 4 Forest plot of HRs comparing OS between dCRT and surgery. OS, overall survival; dCRT, definitive chemoradiotherapy; HR, hazard ratio; Cl, confi-
dence interval; ADC, adenocarcinoma; SCC, squamous cell carcinoma; nCRT, neoadjuvant chemoradiotherapy; S, surgery

the overall AEs (OR=2.55, 95% CI: 1.60-4.06, I’=34%), 1*=19%), and anemia (OR=1.50, 95% CI: 0.67-3.36,
leukocytopenia (OR=2.42, 95% CI: 1.51-3.90, 1’=0%), 1*=0%) were comparable between the two groups (Fig. 6).
thrombopenia (OR=3.93, 95% CI: 1.75-8.81, >=0%), We further compared individual grade>3 AEs between
and nausea/vomiting (OR=3.89, 95% CI: 2.12-7.13, dCRT using S-1 regimen [17, 19, 20, 26] and other CT
>=4%); risk of pneumonitis (OR=1.04, 95% CI: 0.68— regimens [3-5, 7, 8, 10, 15, 23]. The pooled rate of pneu-
1.59, I=0%), esophagitis (OR=1.30, 95% CI: 0.93-1.82,  monitis (3.5 vs. 3.0%) was similar between the two regi-

mens, while the incidence of esophagitis (6.0% vs. 9.2%),
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Subgroups No. of studies No. of patients (dCRT/Surgery) HR(95%CI) HR(95%CI) 12
Region

Asia 6 2983/2748 e — 1.21(1.02-1.44) 68%
Non-Asia 13 12782/8330 —— 1.36(1.23-1.50) 80%
Stage

Stage1 4 305/200 v * i 1.17(0.88-1.56) 0%
Stage 2-3 8 8080/5731 —— 1.25(1.13-1.37) 75%
Histological type

ScC 11 3470/2480 ———— 1.32(1.15-1.52) 45%
ADC 6 4409/4066 [ + | 1.56(1.24-1.97) 91%
Treatment type

CRT vs nCRT+S 12 11189/8201 —— 1.37(1.25-1.50) 72%
CRT vs S alone 8 3400/1913 ——————— 1.22(0.97-1.54) 84%
Age

Age 270 14 11800/8255 —— 1.35(1.23-1.48) 73%
Age 275 11 5395/3939 —— 1.33(1.19-1.49) 54%
Age 280 5 1584/522 ———————1 1.08(0.86-1.36) 25%

0 0_' 5 1 1_' 5 2
Favours dCRT Favours Surgery

Fig. 5 Subgroup analyses for OS in dCRT vs. surgery group. OS, overall survival; dCRT, definitive chemoradiotherapy; nCRT, neoadjuvant chemoradio-
therapy; S, surgery; SCC, squamous cell carcinoma; ADC, adenocarcinoma; HR, hazard ratio; Cl, confidence interval

No. of studies dCRT RT OR [95%Cl] OR [95%Cl] 1?
Events/Total Events/Total
Overall 5 63/274 33/328 —— 2.55(1.60, 4.06) 34%
Pneumonitis 10 50/990 42/90 b gl 1.04(0.68, 1.59) 0%
Esophagitis 10 90/990 63/906 - 1.30(0.93, 1.82) 19%
Leukocytopenia 8 65/617 25/582 —— 2.42(1.51, 3.90) 0%
Anemia 8 171617 10/582 H— 1.50(0.67, 3.36) 0%
Thrombopenia 8 31/617 7/582 F *> 1 3.93(1.75, 8.81) 0%
Nausea/vomiting 8 55/617 13/582 — 3.89(2.12, 7.13) 4%
0 5 10

Favours dCRT Favours RT

Fig. 6 Grade>3 AEs for dCRT vs. RT. AEs, adverse events; dCRT, definitive chemoradiotherapy; RT, radiotherapy

leukocytopenia (7.5% vs. 11.6%), anemia (0.9% vs. 3.5%), (P>0.05 for each comparison) (Supplementary material:
thrombopenia (2.4% vs. 5.5%), and nausea/vomiting Table S4).

(2.0% vs. 14.4%) were relatively low in S-1 group com-

pared to that in the other regimens group (Supplemen-  Sensitivity analysis

tary material: Figure S6). When omitting one study at a time, the results for OS
and PFS were not significantly altered (Supplementary
The GRADE assessment material: Figure S7).

Results of the GRADE assessment can be seen in Supple-

mentary material: Table S3. Most of the evidences had  Assessment of studies and publication bias

low GRADE ratings, except the evidences for subgroups  There were 4 RCTs [17, 19, 20, 26] which were rated with
of prospective studies and dCRT using S-1 regimen low or unclear risk of bias (Supplementary material: Fig-

which had moderate GRADE ratings. ure S8). All observational studies had a score of 26 (Sup-
plementary material: Table S5). The Egger’s test results
Meta-regression analysis indicated no publication bias (P>0.05 for each result).

Multivariable meta-regression analysis showed that study ~ The funnel plots are shown in Supplementary material:
region, study design, stage, histological type, radiation  Figure S9.

field, and chemotherapy regimen were not significantly

associated with the heterogeneity for either OS or PFS



Yao et al. BMC Cancer (2024) 24:1101

The forest plots for the results of subgroup analyses

The forest plots for the results of subgroup analyses in
dCRT vs. RT alone group and dCRT vs. surgery group are
presented in Supplementary material: Figures S10-S33.

Discussion

This is a comprehensive meta-analysis to assess the
optimal treatment strategy for elderly patients with
locally advanced EC. It showed that dCRT significantly
improved OS and PFS compared to RT alone in patients
with unresectable EC. As for resectable cases, dCRT
resulted in worse OS and PFS compared to surgery.
Comparable results were observed when the multivar-
iate-adjusted HRs were used as the measure of effect.
Regarding safety of dCRT vs. RT alone, dCRT was asso-
ciated with higher risk of the overall grade>=3 AEs, and
grade>3 thrombopenia and nausea/vomiting, without
increased risk of grade >3 pneumonitis and esophagitis.

It should be noted that the definitions for elderly
patients in individual studies were inconsistent (age =65,
270, 275, or 280 years). In theory, comorbidity should
increase and physiological reserves should decrease
with age, leading to reduced tolerability to the aggressive
treatments with age. In a large retrospective study assess-
ing safety of esophagectomy in elderly patients, operative
mortality substantially increased with age (8.8% for aged
65-69, 13.4% for aged 70-79, and 19.9% for age>80) [54].
In our meta-analysis, dCRT significantly prolonged OS
compared to RT alone in each age group (age>70, 275,
or >80 years); and surgery was associated with a better
OS in age>70 and >75 years groups compared to dCRT.
These results suggest that surgery or dCRT can pro-
vide survival benefits in selected elderly patients, and
advanced age alone is not a key factor associated with the
benefits. Nevertheless, the tolerability should be carefully
evaluated before selecting these aggressive treatments in
elderly patients.

The common CT regimens used with dCRT in indi-
vidual studies were platinum-based double-agent regi-
mens. It has been reported that intravenous CT has high
risk of treatment-related AEs in elder patients [55]. As an
orally administered drug, S-1 is generally considered to
have less toxicities. However, there is still lack of studies
comparing dCRT using platinum-based regimens with
single-S-1 regimen in elderly patients with EC. In our
meta-analysis, both the two regimens with dCRT signifi-
cantly improved OS and PFS compared to RT alone. In
addition, we found that single-S-1 was associated with
low grade>3 AEs compared to platinum-based regimen.
Thus, dCRT using single-S-1 is likely a reasonable alter-
native selection in elderly patients with EC.

Regarding radiation field, current NCCN clinical prac-
tice guidelines recommends using ENI in patients with
locally advanced EC receiving cCRT [1]. However, given
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the relatively high toxicity, whether ENI is necessary in
elder patients needs further investigation. In a retrospec-
tive study of 137 elderly patients with EC treated with
cCRT, IFI was associated with reduced toxicities with-
out decreased OS compared to ENI [56]. In our meta-
analysis, either dCRT using ENI or IFI gained better OS
compared to RT alone, which supported the use of IFI
in elderly patients. In addition, results from a retrospec-
tive study in EC [57] showed that cCRT using IMRT had
lower cardiac mortality and overall mortality compared
to 3D-CRT in patients with age>65 years. More prospec-
tive trials are needed to confirm the superiority of IMRT.

The CROSS [58] and NEOCRTEC5010 [59] tri-
als have demonstrated that nCRT followed by sur-
gery improves survival compared with surgery alone in
patients with resectable, locally advanced EC. However,
the NEOCRTECS5010 trial excluded patients with age >70
years, and the median age was 60 years (range, 18-75
years) in the CROSS trial. There are still lack of RCTs
examining nCRT plus surgery vs. surgery alone specifi-
cally in elderly patients. In our study, surgery alone also
gained a trend of improved OS compared to dCRT. This
finding suggests that surgery alone can be used as an
alternative regimen when there is a concern for the tol-
erability of the trimodality therapy in elderly patients. In
addition, esophagectomy has been a standard of care for
stage 1 (cT1-2NO) EC, and dCRT is only recommended
for patients who are medically inoperable or decline
surgery [1]. However, whether surgery can be avoid in
elderly patients with stage 1 disease remain uncertain.
Several retrospective studies [33, 44, 45] have demon-
strated a comparable efficacy between esophagectomy
and dCRT in patients with stage 1 and age>75 years. In
our meta-analysis, OS was similar between surgery and
dCRT in subgroup of stage 1 disease. Nevertheless, this
finding needs to be validated in large RCTs.

Several studies reported that histological type was
associated with the efficacy of nCRT. Results from two
population-based studies showed that nCRT followed by
surgery achieved longer OS than dCRT in elderly patients
(=75 years) with EAC but not in those with ESCC [34,
36]. The authors explained that different tumor aggres-
siveness and carcinogenesis might be one of the reasons
for the difference in survival benefits with nCRT between
patients with EAC and ESCC [36]. However, there are
also studies demonstrating a superior OS of nCRT +sur-
gery vs. dCRT in elderly patients with ESCC [31, 40, 46].
In our meta-analysis, significantly improved OS with
nCRT was observed both for patients with EAC and
ESCC. Based on current evidences, it is difficult to con-
clude the less efficacy of nCRT in elderly patients with
ESCC.

Recently, a series of phase 1 or 2 trials have exam-
ined the role of nCRT or nCT combined with immune
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checkpoint inhibitor (nICRT or nICT) in resectable EC.
A meta-analysis including 27 trials with 809 patients
showed that both nICRT and nICT achieved promising
pathologic complete response rates with acceptable toler-
ability [60]. However, most of the trials excluded patients
with age>70 years. Further large trials are needed to
evaluate the efficacy and safety of the immunotherapy in
elderly patients with locally advanced EC.

There are several limitations in this study. First, due
to retrospective nature of the included studies, there is
likely patient selection bias between dCRT and RT alone
groups or between dCRT and surgery groups. For exam-
ple, patients receiving surgery might have better physical
condition than those receiving non-surgery treatment.
However, we found the consistent results when the
multivariate-adjusted HRs instead of crude HRs were
used as the measure of effect, which would be helpful to
increase statistical power of our analyses. Second, sev-
eral included studies were with relatively small sample
size, which might affect the overall results. However, in
sensitivity analysis, the OS and PES results were not sig-
nificantly altered when these studies were removed one
by one, suggesting the small influence of them. In addi-
tion, high heterogeneity was observed, especially in
group of dCRT vs. surgery. Although meta-regression
analyses were performed, no significant heterogene-
ity source could be identified. Third, surgical method
and surgery related toxicity could not be assessed in this
meta-analysis because most of the studies did not report
the related data. Fourth, the majority of patients in dCRT
vs. RT alone group had ESCC, and therefore, the findings
in this group might not be generalizable to EAC. Finally,
some HRs were calculated using the Kaplan Meier curve,
which might have error compared to the direct calcula-
tion using the raw data.

Conclusions

nCRT followed by surgery appears to be a preferred
strategy for elderly patients with good physiological con-
ditions; and dCRT is a better alternative for unresectable
cases. Advanced age alone is not likely a key predictor for
the tolerability of the two aggressive treatments.

Abbreviations

nCRT neoadjuvant chemoradiotherapy

EC Esophageal cancer

dCRT definitive chemoradiotherapy

oS Overall survival

PFS Progression-free survival

RT Radiotherapy

HR Hazard ratios

cl Confidence intervals

RCTs Randomized controlled trials

PRISMA  Preferred reporting items for systematic reviews and meta-analysis
ECOG Eastern Cooperative Oncology Group
cT Chemotherapy

AEs Adverse events

NOS Newcastle-Ottawa Scale
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Evaluation

AJCC American Joint Committee on Cancer

ESCC Esophageal squamous cell carcinoma

3D-RT Three-dimensional radiotherapy

IMRT Intensity modulated radiotherapy

cCRT concurrent chemoradiotherapy

IFI Involved-field irradiation

ENI Elective nodal irradiation

EAC Esophageal adenocarcinoma
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