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Background: Esophageal squamous cell carcinoma (ESCC) is common in China and has a poor prognosis
despite radical surgery. Guidelines around the use of adjuvant therapy (AT) in ESCC are indecisive. We
assessed the benefit of AT on recurrence-free survival (RFS) in Chinese patients with ESCC using propensity
score (PS) matching.

Methods: This retrospective cohort study used hospital electronic medical records (EMRs) of 523 adults
diagnosed between 2013 to 2019 with pathologically confirmed ESCC after RO esophagectomy without
neoadjuvant therapy. PSs were calculated using a generalized linear regression model based on demographic,
clinical, and pathologic features. Patients with and without AT were matched using nearest neighbor method
and caliper value 0.05. Subgroup analyses were stratified by PS.

Results: Younger patients with more advanced/poorly differentiated disease were more likely to receive
AT (P<0.05). There were 137 matched pairs in the AT/No AT groups. After matching, the AT group tended
to have longer median RFS [95% confidence interval (CI): 2.21 years (1.54-3.20)] than the No AT group
[1.75 years (1.37-2.21)] (P=0.18). The benefit was significant in patients with PS >0.40 [hazard ratio 0.55,
95% CI: 0.32-0.87, median RFS (95% CI): 2.22 years (1.30-3.52) versus 1.23 years (0.90-1.64), P=0.03]. In
other PS subgroups, median RFS was similar in AT and No AT groups.

Conclusions: After adjusting for baseline characteristics, AT tended to improve RFS after RO
esophagectomy in Chinese patients, with significant benefit associated with a higher PS score. The utility of

PS to guide patient selection for AT in clinical practice needs further investigation.
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Introduction
Background

Esophageal cancer is a common, aggressive cancer associated
with high mortality (1). Surgery plays a key role in locally
advanced disease (2). Nevertheless, recurrence occurs in 38%
of patients following radical surgery, with 75% of recurrences
occurring within the first 2 years (3). There are marked
geographic and ethnic differences in the epidemiology
of esophageal cancer (4). Incidence rates are highest in
southeast Asian countries and some parts of Africa, and
esophageal squamous cell carcinoma (ESCC) predominates
over esophageal adenocarcinoma in these regions (5,6).
Esophageal cancer is the fifth most common cause of
cancer death in China, resulting in 876,000 deaths annually (7).
China accounts for 53% of global cases of ESCC and 18%
of esophageal adenocarcinoma (6). Overall 5-year survival
[2012-2015] was 27.7% in men and 36.7% in women but
is lower (13.3%, both sexes) in patients presenting with
stage III-IV disease (8,9). In China, endoscopic screening
is routinely conducted in some high-risk areas, defined as
having an annual incidence >30 per 100,000 inhabitants (5).

Rationale and knowledge gap

Treatment of ESCC is evolving, with increasing use of
neoadjuvant therapy which is now recommended for

resectable, locally advanced ESCC (10). This is based on
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® After adjusting for baseline characteristics, adjuvant therapy
improved recurrence-free survival in Chinese patients after RO
esophagectomy.

® Median recurrence-free survival was significantly longer after
adjuvant therapy in patients with higher propensity scores.

What is known and what is new?

e Clinical guidelines for post-operative treatment of squamous
esophageal cancer are lacking.

® Our study shows that patients with specific characteristics may
benefit most from adjuvant therapy.

What is the implication, and what should change now?

e ’To date, the use of propensity scores as a predictive model is not
widespread nor widely accepted. However, in view of the current
absence of clinical guidelines for post-operative treatment of
esophageal squamous cell carcinoma, the utility of propensity
scores as a predictive tool warrants further investigation.
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numerous studies showing significant survival benefits after
RO esophagectomy in patients who received neoadjuvant
chemotherapy and/or radiation (11-13). The benefits of post-
surgical chemotherapy or chemoradiotherapy for patients
with ESCC remain unclear. The randomized, controlled,
double-blind CheckMate-577 study found that adjuvant
nivolumab therapy improved disease-free survival by 33% in
patients with stage II or III esophageal or gastroesophageal
junction cancer who had received neoadjuvant chemoradiotherapy
followed by RO esophagectomy but had residual pathological
disease in the surgical specimen (14). Subsequently, the
National Comprehensive Cancer Network in the United
States recommends adjuvant chemoradiation for patients
with RO resection who are node positive or node negative
with pT3, pT4a adenocarcinoma and who have not received
preoperative chemoradiation or chemotherapy (15). No
recommendations are provided regarding the use of adjuvant
therapy (AT) in ESCC after RO resection without neoadjuvant
therapy in these guidelines. Recent Chinese guidelines note
that it is still controversial whether patients with ESCC
should accept routine post-operative adjuvant chemotherapy,
and that adjuvant chemotherapy or chemoradiation may be
considered for patients with stage T4a or N1-3 disease (10).
Furthermore, the toxicity of post-operative adjuvant
treatment may be substantial, potentially delaying recovery
and/or leading to premature discontinuation of treatment (16).
Identification of individuals most likely to benefit from AT
could help to inform the benefit vs risk for individual patients
and aid clinical decision-making.

Objective

"This study aimed to elucidate the benefits of AT on disease
recurrence or death in Chinese patients with ESCC after
RO using a propensity score (PS) matched analyses. We
conducted the study during the period when neoadjuvant
therapy was not routinely administered for the treatment
of patients with esophageal cancer in our department (up
until 2019), allowing us to evaluate the impact of AT alone
on survival. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-24-806/rc).

Methods
Study design and data source

This retrospective cohort study included patients who
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underwent radical esophagectomy without neoadjuvant
therapy between 2013 and 2019 at the Department of
Thoracic Surgery, Ruijin Hospital, a top-tier tertiary
hospital in China. The database has been maintained by
the Department since January 2013 using retrospectively
collected data from electronic medical records (EMRs).
Each patient in the Department is assigned a unique code
for de-identification of their data. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by institutional research
ethics committee of Shanghai Ruijin Hospital (No.
KY2022-29) and individual consent for this analysis was
waived due to retrospective nature.

The EMR database contains detailed information about
demographic characteristics, body mass index, smoking
history (yes/no), history of alcohol use (yes/no), Eastern
Cooperative Oncology Group performance status score,
baseline comorbidities at surgery (cardiovascular disease,
peripheral vascular disease, diabetes, respiratory disease,
urinary system disease, chronic kidney disease, digestive
disease, mental illness or other), surgery (type and approach,
complications, post-operative hospitalization days), AT
(yes/no), pathological characteristics (tumor location, size,
histology, stage, and grade), and follow-up data including
recurrence date and status (yes/no), living status (alive or
dead), and date of death, if applicable. The pathologic stage
grouping of patients is recorded according to the eighth
edition of the American Joint Committee on Cancer Cancer
Staging Manual (17). EMR data completeness and accuracy
are double checked quarterly by senior surgeons as quality
control to ensure the data match existing EMR records for
each individual.

Elective esophagectomy was performed according to
National Comprehensive Cancer Network guidelines (2).
Ivor Lewis or McKeown were the most common approaches,
and colon or gastric tubes were used to reconstruct the
digestive tract after esophagectomy. The anastomotic mode
was performed using stapling or traditional hand sewn
techniques.

Patients treated at the department are routinely followed-
up through outpatient clinics or phone interview at 6-month
intervals for 3 years, and annually thereafter. Patients are
followed up from the date of surgery until death from any
cause or last follow-up, whichever comes first. Loss to
follow-up is defined when patients cannot be contacted
through either outpatient visit or phone calls. Reasons for
loss to follow-up (such as follow-up refusal, wrong number,
or non-existing number) are recorded. Three attempts to
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contact non-responders by phone are made.

Study population

The study population included all patients aged >18 years
with pathologically confirmed squamous cell carcinoma
(SCC) of the thoracic esophagus who had curative (R0)
esophagectomy without neoadjuvant therapy between
January 01, 2013 until December 31, 2019. RO was defined
as microscopically complete resection, with a negative
margin as a direct contact (0 cm) clearance between the
tumor and the surgical margin (18). Patients were excluded
if they had adenocarcinoma or other histologic subtypes of
esophageal cancer other than ESCC, recurrent or secondary
esophageal cancer, multiple tumors, or metastatic disease.

Exposures and outcomes

AT was defined as at least one cycle of chemotherapy or
radiotherapy given after esophagectomy, regardless of the
regimen, dosage, or method of administration. Adjuvant
treatment (yes/no) was identified from the EMRs.

Recurrence-free survival (RFS) was identified from the date
of surgery until the first recurrence or death due to any cause,
whichever came first. The date of recurrence was recorded
from outpatient EMRs or phone interviews. Recurrence
was defined as local regional recurrence, lymph node
metastasis, or distant metastasis. Recurrence was evaluated
by the multidisciplinary team based on thoraco-abdominal
computerized tomography, endoscopy with or without biopsy,
esophageal barium swallow, positron emission tomography,
bone scintigraphy, or fine-needle aspiration cytology as
required. Deaths occurring in hospital were identified from
EMRs. Out-of-hospital deaths were recorded via phone
interviews with relatives as part of routine follow-up. Patients
who did not experience recurrence or death during the study
period were censored at the time of last follow-up.

Statistical analysis

Demographic and clinicopathological categorical
characteristics of patients exposed/not exposed to AT were
described by frequencies and percentages. Categorical
variables in each group were compared with the Chi-
squared or Fisher’s exact test, and continuous variables were
compared with #-test or Mann Whitney U test. Missing data
were described by reporting the proportion of missing data
for that variable and the missing values were not imputed.
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Patients underwent a curative-intent esophagectomy
between Jan 01, 2013, and Dec 31, 2019, and >18 years
of age at time of esophagectomy (N=835)

Y

Y

Excluded (N=312):

¢ R1 esophagectomy: microscopic residual cancer (N=10)

* Adenocarcinoma (N=201) or other histologic (non-SCC)
subtype (N=58)

e Multiple tumors (N=26)

e Tumor in situ (N=6)

e Metastatic disease (pM1) (N=1)

e Adjuvant therapy unknown (N=2)

e Post-operative death (N=8)

Final population (N=523)

Y

!

Received adjuvant therapy (N=162)

Did not receive adjuvant therapy (N=361)

A

Y

After matching
AT group (N=137)

No AT group (N=137)

After matching

Figure 1 Patient selection. SCC, squamous cell carcinoma; AT, adjuvant therapy.

PSs were calculated using a generalized linear regression
model that included 16 potential confounders: age, sex,
body mass index, smoking history, alcohol consumption,
Eastern Cooperative Oncology Group performance status
score, baseline comorbidities, post-operative hospitalization
days, tumor location, size, pathological stage T, N, and
differentiation grade, surgery type, surgery approach and
post-operative complications. Since tumor size is not
included in the tumor-node-metastasis (I'INM) staging
system, we used the mean tumor size of the whole cohort as
the cut-off for tumor size.

Patients exposed/not exposed to AT (AT group/No AT
group) were matched 1:1 with no replacement using the
nearest neighbor method and caliper value 0.05 to evaluate
rates of RFS, a composite endpoint including recurrence
and death. The caliper was determined as 0.25 standard
deviations (SDs) based on the results of Cochran and
Rubin (19). Characteristics before and after matching were
described. Patients were stratified into four groups based on
their PS (<0.20, >0.20 to <0.30, 0.30 to <0.40, and >0.40).
"Treated and untreated patients within each PS stratum have
approximately similar PS values with a similar distribution
of baseline variables. Calculating the treatment effect in

© AME Publishing Company.

each PS group allows identification of the subgroup of
patient characteristic most likely to be associated with the
maximum treatment effect (20).

Kaplan-Meier curves and log-rank tests were used to
compare RES in the AT and No AT groups before and after
matching in the overall cohort and in PS subgroups.

Sensitivity analyses were conducted by PS matching of
13 variables (excluding surgical approach, type, and post-
operative complications from the original 16 variables)
using a caliper of 0.05, and by PS matching of 6 covariates
that were significantly associated with AT with caliper 0.01
(age, hospitalization days, size, pathological stage T, N, and
differentiation grade).

Results

There were 835 adult patients who underwent esophagectomy
for ESCC at our institution (Ruijin Hospital, Shanghai
Jiao Tong University School of Medicine) during the study
period (Figure I). Of these, 523 patients were enrolled in
the study population, of whom 162 (30.9%) received AT
and 361 did not. A total of 312 (60.0%) patients experienced
recurrence or death over a median follow-up period of
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4.15 years (interquartile range, 2.92-4.73 years). In the
unmatched cohort, patients who were younger, underwent
shorter hospitalization, had larger tumor size, advanced
pathological T and N stages, or poorly differentiated tumor,
were more likely to receive AT (all P<0.05) (Table 1).

After PS matching, 274 patients (137 in each group)
were matched from the cohort. The matched AT and
No AT groups were similar in terms of demography and
clinicopathological characteristics (7able I).

RFS

Before matching, patients in the AT group tended to have

Table 1 Characteristics of patients before and after matching
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shorter RFS compared with patients in the No AT group.
Median RFS was 1.84 years [95% confidence interval
(CD: 1.51-2.57] in the AT group and 2.67 years (95% CI:
2.35-3.46) in the No AT group (P=0.058) (Figure 2A). This
trend was reversed after PS matching, whereby median RFS
tended to be longer in the AT group (2.21 years, 95% CI:
1.54-3.20) than the No AT group (RFS 1.75 years, 95% CI:
1.37-2.21) (P=0.18) (Figure 2B, Table 2).

Subgroup analyses

The distribution of PS before and after matching is
provided in Figure S1 and shows a marked difference in

Before matching

After matching

Variables Total (N=523) No AT (N=361) AT (N=162) Total (N=274) No AT (N=137) AT (N=137)
N % N % N % N % N % N %
Sex
Male 432  82.6 292 80.89 140 86.42 0.14 237  86.5 121 88.32 116 84.67 0.48
Female 91 17.4 69 19.11 22 13.58 37 13.5 16 11.68 21 15.33
Age (years) 62.8 (7.9) 64.1(7.9) 60.2 (7.3) <0.01 61.5 (7.5) 62.1(7.9) 60.8 (7.2) 0.14
<65 285 54.49 178 49.31 107 66.05 <0.01 173  63.14 87 63.5 86 62.77 >0.99
>65 238 45.51 183 50.69 55  33.95 101  36.86 50 36.5 51 37.23
BMI (kg/m?) 22.6 (3.0) 22.5 (3.0 22.8 (3.1) 0.27 22.7 (3.0 22.4(2.8) 22.9 (3.1) 0.14
<18.5 40 7.65 28 7.76 12 7.41 0.74 19 6.93 10 7.3 9 6.57 0.62
18.5-24.9 365 69.79 255 70.64 110 67.9 192 70.07 99 72.26 93 67.88
>25 118 22.56 78 21.61 40 24.69 63 22.99 28 20.44 35 25.55
Smoking
No 274 5239 192 53.19 82 50.62 0.64 129 47.08 60 43.8 69 50.36 0.33
Yes 249  47.61 169  46.81 80 49.38 145 5292 77 56.2 68 49.64
Drinking
No 323 61.76 233 64.54 90 55,56 0.05 154  56.2 77 56.2 77 56.2 >0.99
Yes 200 3824 128 35.46 72 4444 120 43.8 60 43.8 60 43.8
ECOG score
0 410 7839 287 795 123 7593 0.36 208 75.91 103 75.18 105 76.64 0.89
1 113 21.61 74 20.5 39  24.07 66  24.09 34 2482 32 23.36
Comorbidity
No 227 434 155 4294 92 56.79 0.78 118  43.07 59  43.07 59  43.07 >0.99
Yes 296 56.6 206 57.06 90 55.56 156  56.93 78  56.93 78  56.93

Table 1 (continued)

© AME Publishing Company.
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Table 1 (continued)

Before matching After matching
Variables Total (N=523) No AT (N=361) AT (N=162) Total (N=274) No AT (N=137) AT (N=137)
N % N % N % 7 N % N % N %

Hospital days 21.8(16.9) 24.7 (18.4) 20.7 (13.0) 0.05 21.2 (15.8) 20.6 (13.9) 21.7 (13.7) 0.52
<18 263 50.29 165 45.71 98 60.49 0.01 147 53.65 72 5255 75 5474 0.81
>18 260 49.71 196 54.29 64  39.51 127  46.35 65  47.45 62 45.26

Approach
Open 347 66.35 243 67.31 104 642 0.49 177  64.6 87 63.5 90 65.69 0.80
Laparoscopic/robot 176 33.65 118  32.69 58 35.8 97 35.4 50 36.5 47  34.31

Surgery type
Ivor Lewis 462 88.34 318 88.09 144 88.89 >0.99 241 87.96 121 88.32 120 87.59 >0.99
McKeown 61 11.66 43 11.91 18 11.11 33 12.04 16 11.68 17 12.41

Post-operative complications
No 275 5258 187 51.8 88 54.32 0.64 139 50.73 70  51.09 69 50.36 >0.99
Yes 248 47.42 174 48.2 74 45.68 135 49.27 67 48.91 68 49.64

Location
Upper 23 4.4 16 4.43 7 432 0.14 12 4.38 6 4.38 6 438 0.98
Middle 250 47.8 184 50.97 66  40.74 122 44.53 60 43.8 62 45.26
Lower 133 2543 83 22.99 50 30.86 75 27.37 37 27.01 38 27.74
GEJ 117 22.37 78  21.61 39  24.07 65 23.72 34 2482 31  22.63

Tumor size (cm) 3.5(1.7) 3.3(1.5) 4.0 (2.1) <0.01 3.7 (1.8) 3.5(1.4) 3.8 (2.1) 0.19
<3.5¢cm 313 59.85 232 64.27 81 50 <0.01 152 55.47 77 56.2 75 5474 0.90
>3.5cm 210 40.15 129 35.73 81 50 122 44.53 60 43.8 62 45.26

Stage T
T1 112 21.41 92  25.48 20 12.35 <0.01 34 12.41 16 11.68 18 13.14 0.99
T2 106 20.27 79 21.88 27  16.67 53 19.34 27 19.71 26  18.98
T3 298 56.98 186 5152 112 69.14 181 66.06 91  66.42 90 65.69
T4 7 1.34 4 1.11 3 1.85 6 2.19 3 2.19 3 2.19

Stage N
NO 280 53.54 219 60.66 61 37.65 <0.01 116 42.34 57  41.61 59  43.07 0.97
N1 138 26.39 83 2299 55 33.95 90 32.85 47 3431 43 31.39
N2 71 13.58 42 11.63 29 17.9 42 1533 20 14.6 22  16.06
N3 34 6.5 17 4.71 17 10.49 26 9.49 13 9.49 13 9.49

Differentiation grade
G1 19 3.63 15 4.16 4 2.47 0.03 6 2.19 3 2.19 3 219 0.50
G2 291 55.64 204 56.51 87 53.7 155 56.57 82 59.85 73  53.28
G3 213  40.73 142 39.34 71 43.83 113 41.24 52  37.96 61 44583

Data are presented as mean (standard deviation) or number with percentage. AT, adjuvant therapy; BMI, body mass index; ECOG, Eastern
Cooperative Oncology Group performance score; GEJ, gastroesophageal junction; N/%, number and percentage of patients in the
designated category.
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A Before propensity score matching B After propensity score matching
Strata =+ Adjuvant therapy No -+ Adjuvant therapy Yes Strata -+ Adjuvant therapy No -+ Adjuvant therapy Yes
1.00 - 1.00 +
£ 0.75 1 £ 0.75 1
Q Q
< <
Q Q
[ o
g 0.50 A a 0.50 -
© ©
2 =
< <
@ 0.25 - @ 0.25 -
P=0.058
0.00 0.00
T T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5
Time, years Time, years
Number at risk Number at risk
% -+ 4361 266 205 142 83 16 0 % -+ 4137 89 59 32 22 4
& + 4162 117 74 39 24 5 0 & + 4137 102 66 35 22 4
T T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5
Time, years Time, years

Figure 2 Kaplan-Meier curves (log-rank tests) for recurrence-free survival in patients who did/did not receive adjuvant therapy. (A) Before

matching. (B) After matching.

Table 2 Median recurrence-free survival of patients after propensity score matching with 16 variables and caliper 0.1

Median RFS (95% Cl)

Variables HR (95% ClI) P
AT group No AT group

All 2.21 (1.54-3.20) 1.75 (1.37-2.21) 0.79 (0.52-1.17) 0.18

PS subgroups
PS <0.20 1.52 (1.32-2.09) 1.52 (1.07-1.98) 1.00 (0.68-1.45) 0.38
0.20< PS <0.30 2.20 (1.85-2.62) 2.00 (1.43-2.47) 0.91 (0.57-1.32) 0.54
0.30< PS <0.40 1.85 (1.45-2.46) 2.11 (1.46-2.56) 1.14 (0.66-1.58) 0.83
PS =0.40 2.22 (1.30-3.52) 1.23 (0.90-1.64) 0.55 (0.32-0.87) 0.03

RFS, recurrence-free survival; Cl, confidence interval; AT, adjuvant therapy; HR, hazard ratio; PS, propensity score.

baseline characteristics between the AT and No AT groups
prior to matching. The mean PS was 0.39 (SD 0.16) for
the AT group and 0.27 (SD 0.15) for the No AT group.
Patients were grouped into strata according to their PS with
the objective of balancing the observed variables between
treated and untreated patients within each stratum (21).

In the lower stratum (PS <0.20), RES was significantly
shorter in the AT group than that in the No AT group
(P=0.01), but this finding was not present after matching,
with similar median RFS in the AT and no AT groups
(P=0.38) (Figure 34, Table 2). For the middle two strata,
median RFS was similar in the AT and No AT groups

© AME Publishing Company.

before and after matching. (Figure 3B,3C, Tuble 2). The
benefit of AT on RFS was significant in the highest PS
stratum >0.40. In this stratum, the median RFS in the AT
group was 2.22 years (95% CI: 1.30-3.52) versus 1.23 years
(95% CI: 0.90-1.64) in the No AT group (hazard ratio
0.55, 95% CI: 0.32-0.87; P=0.03) (Figure 3D, Tuable 2).
Demographic and disease features of patients in the PS
>0.40 subgroups are given in Table S1.

Sensitivity analyses

Decreasing the number of matched variables to 13 and the

7 Thorac Dis 2024;16(10):6651-6663 | https://dx.doi.org/10.21037/jtd-24-806


https://cdn.amegroups.cn/static/public/JTD-24-806-Supplementary.pdf

6658 Cao et al. AT in esophageal cancer

Before propensity score matching After propensity score matching
A Strata =+ Adjuvant therapy No =~ Adjuvant therapy Yes Strata =+ Adjuvant therapy No  —~ Adjuvant therapy Yes
1.00 1.00
2 0.75 2 0.75
o 32 2
S 8 °
v & 0.50 g 0.50 1
g 2 g
g 5
@ 0.25 » 0.25 A
P=0.01 P=0.38
0.00 - 0.00
T T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5
Time, years Time, years
Number at risk Number at risk
g +J120 121 101 75 48 13 0 g+J21 19 13 7 5 3
5-’--20 16 12 6 2 0 0 6‘3)-0-—21 17 11 6 2 0
T T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5
Time, years Time, years
B Strata -+ Adjuvant therapy No =+ Adjuvant therapy Yes Strata -~ Adjuvant therapy No -+ Adjuvant therapy Yes
1.00 100
> _ 2 0.75
o £ 0.75 z
[} % ©
v $ 8
$ 5050 S 0.50 1
¥ 3 -
3 = %
© 3025 @ 0.25
P=0.54
0.00 A 0.00
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time, years Time, years
Number at risk Number at risk
S+Jea 63 45 29 17 1 g o7 18 12 8 6 0
s -+ 432 27 18 9 5 2 =+ 27 21 15 7 4 1
@ T T T T T T 2 T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time, years Time, years
C Strata =+ Adjuvant therapy No =~ Adjuvant therapy Yes Strata =+ Adjuvant therapy No =+ Adjuvant therapy Yes
1.00 + 1.00
>
o £ 0.75 £ 0.75
R g
%) [ Q
o a 0.50 a 0.50
3 © =
o = 2
15} > <
o =1 ¢ 3
0.25 E 0.25
@ P=0.97 @ P=0.83 1.
0.00 - 5 0.00
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time, years Time, years
Number at risk Number at risk
%+-66 42 31 22 10 0 %-0——37 24 17 11 6 1
s+ 135 24 14 7 5 2 s+ 437 26 15 9 6 3
@ T T T T T T @ T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time, years Time, years

© AME Publishing Company. 7 Thorac Dis 2024;16(10):6651-6663 | https://dx.doi.org/10.21037/jtd-24-806



Journal of Thoracic Disease, Vol 16, No 10 October 2024

D Strata -+ Adjuvant therapy No -+ Adjuvant therapy Yes
1.00
£ 0.75
o 3
S 8
Al a 0.50 +
g 2
<
@ 0.25 -
0.00
T T T T T T T
0 1 2 3 4
Time, years
Number at risk
g+ [n 40 28 16 8 2 0
% -+ |75 50 30 17 12 1 0
T T T T T T T
0 1 2 3 4 5 6
Time, years

6659

Strata -+ Adjuvant therapy No -+ Adjuvant therapy Yes

1.00
£ 0.75 1
3
©
Q
o
& 0.50 :
® i
2 g
< i
> H
2 T H
? 0257 boos | H
0.00
T T T T T T
0 1 2 3 4
Time, years
Number at risk
g+ [52 28 17 6 5 0
at) -+ |52 38 25 13 10 0
T T T T T T
0 1 2 3 4 5
Time, years

Figure 3 Kaplan-Meier curves (log-rank tests) for recurrence-free survival in patients who did/did not receive adjuvant therapy by PS
stratum. (A) PS <0.20. (B) 0.20< PS <0.30. (C) 0.30< PS <0.40. (D) PS >0.40. PS, propensity score.

caliper to 0.05 decreased the number of matched subjects
to 126 (Table S2). The results from the sensitivity analysis
were similar to the main analysis (Figures S2,53). Median
RFS was significantly longer in the AT group compared
to the No AT group (P=0.02) (Figure S4), especially in the
subgroup of patients with a PS >0.40 (P=0.01) (Figure S3).
Limiting the matched variables to 6 factors found to be
significantly associated with the use of AT (caliper =0.01)
reduced the number of matched subjects to 123 (Table S3,
Figure S5). Median RFS tended to be longer in the AT
group compared to the No AT group (P=0.09) (Figure S6).
In the subgroup analysis, RFS was significantly lower in the
AT group than the No AT group in patients with a PS <0.20
(P=0.003) (Figure S7A). However, median RFS was longer
in the AT group in other subgroups (Figure S7B-S7D) and
showed statistical significance in the subgroup of patients

with a PS >0.40 (P=0.02) (Figure S7D).

Discussion
Key findings

Younger patients with more advanced/poorly differentiated
disease were more likely to receive AT (P<0.05). After
adjusting for baseline characteristics, AT improved RFS
in Chinese patients after RO esophagectomy. The benefit
was significant in patients with PS with the highest PSs. In
other PS subgroups, median RFS was similar in AT and No

© AME Publishing Company.

AT groups.

Strengths and limitations

Strengths of the study are that we used a prospectively
maintained database that captured patient information from
routine clinical practice in a real-world setting. Patients are
routinely followed up at regular intervals by the department,
capturing long term outcomes that occurred out of hospital.
Data in the database are structured and standardized with
prespecified rules with a high level of completeness and few
missing values.

Potential study limitations were the retrospective design
that could be associated with information or selection bias.
Although PS matching minimized selection bias, residual
selection bias from unmeasured/unknown confounders
could not be excluded. Our study was conducted at a single
center and the results may not be generalizable to high-
risk regions in China or to other countries where the
epidemiology and treatment of esophageal cancer may be
different. We had limited capacity for PS prediction and
our findings need to be validated in other hospital settings
and databases considering selection processes of patients
for AT might be different. Finally, information of the type
of AT administered (including immunotherapy) was not
available in the database, and we were unable to assess the
independent contributions of adjuvant chemotherapy versus
radiotherapy due to limited sample size.
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Comparison with similar researches

Our results point to a benefit of AT for some patients with
ESCC after RO esophagectomy and could contribute to
clinical decision making for these patients. Nevertheless, the
benefit of AT in patients with ESCC remains controversial
and data from previous randomized trials and observational
studies are not conclusive. A meta-analysis of 19 randomized
controlled trials of patients with ESCC found that adjuvant
chemoradiotherapy did not significantly improve overall
survival compared to surgery alone (22). Another meta-
analysis of 32 studies involving 7,985 patients found that
neoadjuvant therapy provided a significant overall survival
advantage compared to surgery alone and compared to surgery
with AT, whereas there was no benefit of AT compared to
surgery alone (23). Specifically for ESCC, AT after surgery
versus surgery alone provided minimal survival advantage
(hazard ratio 0.85, 95% CI: 0.70-1.3, P=0.10) (23). On the
other hand, a later, randomized trial in China reported a
significant benefit of AT in patients with stage IIB-III ESCC.
Median disease-free survival was 48.3 months in subjects
who received adjuvant radiotherapy or chemoradiotherapy,
versus 17.5 months in the surgery alone group (24).

An observational study of 4,129 patients with ESCC
conducted in a high-risk region of China concluded that
patients with N1+ disease benefited from AT and surgery
versus surgery alone, whereas there was no improvement
for patients with stage NO (25). Observational studies
conducted in Chinese hospitals that employed PS matching
have reported that AT decreased disease-free survival
in patients with ESCC who had received neoadjuvant
chemoradiotherapy (26), whereas another study showed
that adjuvant chemotherapy significantly improved disease-
free survival in patients with ESCC with N1 stage and
with tumor <4.5 cm (27). Comparison of the results is
hampered by confounding factors that appear to contribute
to outcome, such as the use of neoadjuvant therapy, the type
of AT employed, and the disease stage. Additionally, the
contribution of regional differences in genetic polymorphisms
on treatment response in ESCC is not currently known (28).

Explanations of findings

Patients with RO esophagectomy for ESCC were more
likely to receive AT if they had tumor size >3.5 cm,
advanced pathological T and N stages, poorly differentiated
tumors, and if they were younger and had spent fewer
days in hospital, possibly reflecting generally improved
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fitness compared to older, potentially frailer patients. Prior
to matching, the AT group tended to have shorter RFS
compared with the No AT group. Given the potential
confounding factors that strongly predict the likelihood
of receiving adjuvant treatment, PS matching allowed us
to estimate the treatment effect in patients with similar
baseline characteristics. After matching, median RFS tended
to be longer in the AT group and was significantly longer in
the AT group with a higher PS score >0.40.

Our results suggest that AT could potentially provide
a disease recurrence benefit to patients with ESCC,
particularly the subgroup of patients with a higher PS score,
which indicated an increased likelihood of treatment. This
suggests that selection of patients with AT at our institution
is based on surgeons’ knowledge of the characteristics of
patients who could potentially benefit from AT. However,
there is no quantitative guidance for surgeons on how to
select patients for AT. Our study provides a measurement
based on PS score that could be used to guide selection of
patients who may be expected to benefit from AT.

Despite the absence of significant clinical benefit of
AT for the general population of patients with ESCC,
we observed a highly statistically and clinically significant
improvement in median RFS in the subgroup of patients
with a PS >0.40. Patients in the AT group with a PS >0.40
appeared to be in overall better health than the No AT
group, suggested by fewer comorbidities and fewer days
in hospital. More patients in the AT group underwent
an Ivor Lewis procedure in our cohort, which has been
associated with improved patient outcomes compared to
the McKeown procedure in Chinese patients (29). Of note,
there were 34 patients in the AT group with a PS >0.40
who could not be matched. This was mainly due to patients
in the AT group with very high PS scores were more likely
to be indicated for AT and therefore could not be matched
with No AT patients with similar characteristics.

Only two patients in the matched AT and No AT groups
had a PS >0.6. Our results are thus applicable to patients
with PS <0.6. A larger sample size is needed to assess the
benefits of AT in patients with PS >0.6.

Our study suggests that a constellation of clinical and
disease features could be used as a clinical tool to guide
clinicians and patients in the decision whether to use AT in
ESCC. Younger age, shorter hospitalization, larger tumor
size, advanced tumor stages and poor grade were associated
with AT use in the real-world setting, and these characteristics
were even more pronounced in the cohort of patients with
a PS >0.40. These results suggest that PS matching could

7 Thorac Dis 2024;16(10):6651-6663 | https://dx.doi.org/10.21037/jtd-24-806



Journal of Thoracic Disease, Vol 16, No 10 October 2024

function as a tool to aid clinicians to select the best candidates
for AT after RO esophagectomy. As yet, the use of PS as
a predictive model is not widespread nor widely accepted
(30,31); however given the current absence of clinical
guidelines for post-operative treatment of ESCC, the utility
of PS as a predictive tool warrants further investigation.

Implications and actions needed

Further studies on PS prediction models are needed to
assess their appropriateness as an index to guide patient
selection for AT in clinical practice.

Conclusions

In conclusion, in real-world practice AT is targeted towards
patients with aggressive/advanced disease, who are younger
and who have spent fewer days in hospital, possibly
reflecting increased fitness ability to tolerate adjuvant
treatment. After adjusting for baseline characteristics, AT
improved RES in Chinese patients after RO esophagectomy.
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