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Abstract
Background: The role of adjuvant concurrent chemoradiotherapy (ACCRT) is
unclear for patients with esophageal squamous cell carcinoma (ESCC) who receive
esophagectomy with clean margins. We compared the survival of the ACCRT versus
observation groups for these patients staged with positron emission tomography
(PET) via a population-based approach.
Methods: Eligible patients with locally advanced ESCC diagnosed between 2011 and
2017 were identified via the Taiwan Cancer Registry. We used propensity score
(PS) weighting to balance observable potential confounders between groups. The haz-
ard ratios (HR) of death and incidence of esophageal cancer mortality (IECM) were
compared between the ACCRT and observation groups. We also evaluated overall sur-
vival (OS) in subgroups of either with or without lymph node metastases.
Results: Our primary analysis consisted of 105 patients in whom the covariates were
well balanced after PS weighting. The HR for death when ACCRT was compared with
observation was 0.58 (95% confidence interval 0.28–1.21, p = 0.15). The results were
also not significantly different for IECM or in the subgroup analyses.
Conclusion: We found that for patients with PET-staged ESCC who received esophagectomy
with clean margins, the survival was not statistically different between ACCRT and observa-
tion. Further studies (randomized or larger sample size) are needed to clarify this issue.
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INTRODUCTION

Esophageal cancer is one of the leading causes of cancer mor-
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histology is adenocarcinoma in Western countries, whereas it
is squamous cell carcinoma in Asian countries.1,2

For patients with esophageal squamous cell carcinoma
(ESCC) who receive esophagectomy with involved margins,
adjuvant concurrent chemoradiotherapy (ACCRT) is com-
monly suggested in the treatment guidelines.3 However, the
optimal adjuvant treatment for those with clear margins is less
straightforward. Although ACCRT is not favored in the North
American guidelines,3,4 there was only one relevant randomized
controlled trial (RCT) according to a systematic review publi-
shed in 2020.5 This RCTwas published a decade ago in Asia and
showed favorable outcomes for those treated with ACCRT.6

However, this study6 involved staging by computed tomography
(CT), whereas the use of positron emission tomography (PET)
rather than CT-only has been strongly favored in the mod-
ern era.3,7 When we searched PubMed further using the
keywords “(esophageal cancer) AND (squamous cell carci-
noma) AND (adjuvant) OR (post operative) OR (postoper-
ative) AND (concurrent chemoradiotherapy) AND
(positron emission tomography)” in January 2022, we
could not find relevant studies.

Because of the above-mentioned paucity of data regard-
ing ACCRT, especially in the modern era, we compared the
survival of ACCRT versus observation for patients with
PET-staged ESCC treated via esophagectomy with clear
margins based on the modern cancer registry data from
Taiwan.

MATERIAL AND METHODS

Data source

In this retrospective cohort study based on registry data, the ana-
lyzed data with personal identifiers removed were obtained from
the Health andWelfare Data Science Center (HWDC) database,
which included the Taiwan Cancer Registry (TCR), death regis-
tration, and reimbursement data for the entire Taiwan popula-
tion provided by the Bureau of National Health Insurance
(NHI). The TCR is a high-quality database8 that provides com-
prehensive information such as patient demographics and
patient and disease characteristics. This study was approved by
the Central Regional Research Ethics Committee at ChinaMedi-
cal University Taichung Taiwan (CRREC-108-080 [CR2]).

Study population and intervention

The inclusion criteria of our study population were: (a) patients
with thoracic ESCC diagnosed within 2011–2017 from the TCR
via the International Classification of Disease for Oncology 3rd
edition (ICD-O-3) reference and histology codes; (b) had PET
for staging; (c) received upfront esophagectomies with clear
margins; (d) had locally advanced disease as pathological stage
T3-4N0M0 or pT1-4 N1-3 M0 as defined by the 7th American
Joint Committee on Cancer (AJCC); and (e) were 18–70 years
old. The exclusion criteria were: (a) those with multiple

treatment records in the TCR; and (b) those with prior
cancer(s). These inclusion/exclusion criteria weremodified from
our clinical and research experience as well as previous
studies.6,9,10

Regarding intervention, we identified patients treated
with either ACCRT (ACCRT group) using external beam
radiotherapy 45–50.4 Gy in conventional fractionation
according to the records in the TCR or no further systemic
or radiotherapy (observation group).

Covariates

We included the following covariates as modified from
recent relevant studies and our clinical and research experi-
ence.6,9,10 Patient demographics (age, gender, and resi-
dency); patient characteristics (comorbidity, body mass
index [BMI], drinking, and smoking); and disease character-
istics (tumor size, tumor grade, tumor location, T-stage, and
number of lymph node metastases as well as p-stage) were
defined as follows. The patient residency region was classified
as “northern Taiwan” or “non-north.” Comorbidity was deter-
mined by the modified Charlson comorbidity index score11

and classified as “with” or “without.” The smoking and drink-
ing were classified as “yes” or “no.” The p-stage was classified
as “2” versus “3.” The pathological T-stage was classified as
“1–2” or “3–4.” Grade was classified as “well/moderately dif-
ferentiated” or “poorly/undifferentiated.” Tumor location was
classified as “upper,” “middle,” or lower.

F I G UR E 1 STROBE study flowchart and the number of individuals at
each stage of the study. (a) We only included those treated (class 1–2) with
only one record to ensure data consistency, age 18–70 years old. (b) The
Seventh AJCC staging pathological stage T3-4N0M0 or pT1-4 N1-3 M0.
(c) Using external beam radiotherapy 45–50. 4 Gy in conventional
fractionation. (d) Without missing information in the TCR and death
registry.
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Analyses

The primary outcome of interest was overall survival (OS).
We also evaluated the impact of intervention (ACCRT
vs. observation) on incidence of esophageal cancer mortality
(IECM). These endpoints were determined based on records
in the TCR and death registry (censored on December

31, 2019). We adopted a propensity score (PS) approach
and used propensity score weighting (PSW) as the frame-
work for primary analyses as advocated in previous
studies.12–15 We estimated the probability of receiving
ACCRT (vs. observation) with a logistic regression model
based on all the above covariates, and then assessed the bal-
ance of covariates between groups after PSW using overlap

T A B L E 1 Patient characteristics of the study population in the primary analysis

Patient characteristics before PSW Patient characteristics (%) after PSWa

ACCRT (n = 65)
Observation
(n = 40)

Standardized
differenceb ACCRT Observation

Standardized
differenceb

No. (%)b or
mean (SD)b

No. (%)b or
mean (SD)b

Age (y) 52.35 (8.73) 57.73 (7.24) 0.670 55.99 55.99 ≈0

Gender

Female d d 0.165 d d ≈0

Male d d d d

Residency

Non-north 37 (57) 21 (53) 0.089 57 57 ≈0

North 28 (52) 19 (48) 43 43

Comorbidity

Without 58 (89) 35 (87) 0.054 92 92 ≈0

Withc 7 (11) 5 (13) 8 8

BMI (kg/m2) 22.20 (2.74) 22.46 (3.20) 0.087 22.01 22.01 ≈0

Drinking

No 5 (8) 8 (20) 0.362 12 12 ≈0

Yes 60 (92) 32 (80) 88 88

Smoking

No 6 (9) 4 (10) 0.026 9 9 ≈0

Yes 59 (91) 36 (90) 91 91

Grade

Poorly 20 (31) 5 (13) 0.455 18 18 ≈0

Well/moderately
differentiated

45 (69) 35 (87) 82 82

T-stage

1–2 20 (31) 12 (30) 0.017 34 34 ≈0

3–4 45 (69) 28 (70) 66 66

P-stage

2 28 (43) 30 (75) 0.686 66 66 ≈0

3 37 (57) 10 (25) 34 34

Tumor location

Upper d d d d

Middle d d 0.096 d d ≈0

Lower d d 0.166 d d ≈0

Tumor size (mm) 41.06 (18.41) 40.03 (18.40) 0.056 40.65 40.65 ≈0

No. of lymph node
metastases

2.02 (2.36) 1.05 (1.84) 0.457 1.44 1.44 ≈0

Abbreviations: ACCRT, adjuvant concurrent chemoradiotherapy; BMI, body mass index; PSW, propensity-score weighting; SD, standard deviation.
aWeighted mean or proportion for each group (rounded).
bRounded.
cModified Carlson comorbidity score ≥1.
dThe exact numbers were not reported because of a Health and Welfare Data Science Center (HWDC) database center policy to avoid numbers in single cells (≤2).
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weight16 via the standardized difference (SDif).12 We com-
pared the hazard ratio (HR) of death between the ACCRT
and observation groups during the entire follow-up period
via Cox proportional hazards model in the weighted sample
for point estimation and used the bootstrap method to esti-
mate the 95% confidence interval (95% CI).17–19 We used an
E-value to assess the robustness of our finding regarding
potential unmeasured confounder(s), as suggested in the lit-
erature20,21 because the PS approach can only be valid under
the assumption of no unmeasured confounder(s). We took a
competing risk approach to compare IECM between
groups.22 We performed the following supplementary ana-
lyses (SA) for subgroup analyses: SA-1 for patients with
pathological lymph node metastases (pN+) and SA-2 for
those without (pN0), whereas SA-3 for patients with patho-
logical stage II (p-stage 2) and SA-4 for patients with patho-
logical stage III (p-stage 3) because the role of adjuvant
thoracic radiotherapy may vary according to lymph node
status or pathological stage.23 We used SAS v.9.4 software
(SAS Institute) for statistical analyses.

RESULTS

Study population

We identified 105 patients (65 for ACCRT group and 40 for
observation group) as our primary study population as shown in
Figure 1.24 We achieved covariate balance after PSW, although
some imbalance was seen before PSW as shown in Table 1.

Primary analyses

After a median follow-up of 40 months (range,
1–104 months), 53 deaths were observed (32 and 21 patients
for ACCRT and observation groups, respectively). The

median follow-up was 72 months (range, 37–104) for survi-
vors. The 5-year OS rates were 50% and 44% for the ACCRT
and observation groups, respectively, in the unadjusted anal-
ysis (log-rank test, p = 0.56) (Figure 2(a)). The overlap
weights adjusted OS curve is shown in Figure 2(b). The
3–5-year OS rates for both groups were 65%–57% (ACCRT
group) and 47%–35% (observation group), respectively.
When the ACCRT group was compared to the observation
group, the HR of death was 0.58 (95% CI, 0.28–1.21,
p = 0.15). The observed HR of 0.58 for OS could be
explained by an unmeasured confounder that was associated
with both selections of treatment (ACCRT vs. observation)
and outcome (live vs. death) by a risk ratio of 2.27 (E-value)-
fold each, but weaker confounding could not do so.20 The HR
for IECM was 0.84 (95% CI, 0.31–2.29, p = 0.73).

Supplementary analyses

In both SA-1 and SA-2, we achieved covariate balance after
PSW although some imbalance was seen before PSW as
shown in Tables 2 and 3. When the ACCRT group was com-
pared to the observation group, the HR of death was 0.38 (95%
CI, 0.04–3.44, p = 0.39) for SA-1 (pN+) and 1.79 (95% CI,
0.07–44.81, p = 0.36) for SA-2 (pN0), respectively. The overlap
weights adjusted OS curves are shown in Figure 3(a),(b). In
both SA-3 (p-stage 2) and SA-4 (p-stage 3), we also achieved
covariate balance after PSW although some imbalance was
seen before PSW (see Tables S1 and S2). There was also no sta-
tistical difference in PSW-adjusted OS for p-stage 2 (p = 0.4)
or p-stage 3 (p = 0.39).

DISCUSSION

In this population-based study, we found that for patients with
PET staged ESCC who received esophagectomy with clear

F I G U R E 2 (a) Kaplan–Meier unadjusted overall survival curve (in years), and (b) the overlap weight-adjusted overall survival curve (in years) in the
primary analysis.
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margins, the survival was not statistically different between adju-
vant concurrent chemoradiotherapy and observation. To the
best of our knowledge, our study was first to address this topic.

The numeric trend found in our study (in favor of
ACCRT) was compatible with previous RCT or observa-
tional studies without mandatory PET. Lv et al.6 reported
3-year OS of 63% for ACCRT versus 51% for observation,
whereas 65% versus 47% was observed in our study after

PSW adjustment. In another recently published RCT (also
limited by lack of mandatory PET), Ni et al.25 reported
3-year OS of 66.5% for ACCRT versus 48% for observation
(p = 0.016). Hsu et al.26 reported the HR of death to be 0.63
when ACCRT was compared to observation, whereas we
found the HR of death to be 0.58 in our study. However, sta-
tistical significance was not reached in our study. We sum-
marized our finding with the available RCTs in the Table 4.

T A B L E 2 Patient characteristics of the study population in the SA-1 (pN+)

Patient characteristics before PSW Patient characteristics (%) after PSWa

ACCRT (n = 53)
Observation
(n = 19)

Standardized
differenceb ACCRT Observation

Standardized
differenceb

No. (%)b or
mean (SD)b

No. (%)b or
mean (SD)b

Age (y) 52.79 (9.27) 58.79 (8.25) 0.684 57.15 57.15 ≈0

Gender

Female d d 0.456 d d ≈0

Male d d d d

Residency

Non-north 32 (60) 9 (47) 0.263 63 63 ≈0

North 21 (40) 10 (53) 37 37

Comorbidity

Without 48 (91) 16 (84) 0.192 88 88 ≈0

Withc 5 (9) 3 (16) 12 12

BMI (kg/m2) 22.37 (2.64) 22.67 (3.09) 0.106 22.06 22.06 ≈0

Drinking

No d d 0.404 d d ≈0

Yes d d d d

Smoking

No d d 0.036 d d ≈0

Yes d d d d

Grade

Poorly d d 0.461 d d ≈0

Well/moderately
differentiated

d d d d

T-stage

1–2 20 (38) 12 (63) 0.526 51 51 ≈0

3–4 33 (62) 7 (37) 49 49

P-stage

2 16 (30) 10 (53) 0.468 48 48 ≈0

3 37 (70) 9 (47) 52 52

Tumor location

Upper d d d d

Middle d d 0.441 d d ≈0

Lower d d 0.563 d d ≈0

Tumor size (mm) 41.00 (19.05) 37.79 (17.34) 0.176 41.17 41.17 ≈0

No. of lymph node
metastases

2.47 (2.38) 2.21 (2.15) 0.115 2.39 2.39 ≈0

Abbreviations: ACCRT, adjuvant concurrent chemoradiotherapy; BMI, body mass index; PSW, propensity-score weighting; SD, standard deviation.
aWeighted mean or proportion for each group (rounded).
bRounded.
cModified Carlson comorbidity score ≥1.
dThe exact numbers were not reported because of a Health and Welfare Data Science Center (HWDC) database center policy to avoid numbers in single cells (≤2).
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Therefore, our finding (no statistically significant difference
between ACCRT vs. observation) was also compatible with
current guidelines,3,4 which do not recommend routine
ACCRT for these patients.

Further studies, such as RCT or studies with larger sample
sizes are needed to clarify this issue. However, when we searched
the clinical trial registry (https://clinicaltrials.gov/) using key-
words “Esophageal Squamous Cell Carcinoma j esophagectomy
concurrent chemoradiotherapy j positron emission tomogra-
phy,”we did not find any relevant RCT.

In addition to the limitation of a moderate study sample size
as mentioned above, there were several other limitations in our
study. First, the nonrandomized nature of our study made
potential unmeasured confounder(s) (such as systemic therapy
or radiotherapy details or micro-metastases status)27,28,29 always
an issue although we used a PS method to adjust for observable
covariates. Therefore, we reported the E-value to assess
the robustness of our results to potential unmeasured
confounder(s). Second, we did not investigate other endpoints
like disease control, toxicity, or quality of life because of

T A B L E 3 Patient characteristics of the study population in the SA-2 (pN0)

Patient characteristics before PSW Patient characteristics (%) after PSWa

ACCRT (n = 12)
Observation
(n = 21)

ACCRT Observation
Standardized
differenceb

No. (%)b or
mean (SD)b

No. (%)b or
mean (SD)b

Standardized
differenceb

Age (y) 50.42 (5.71) 56.76 (6.23) 1.062 52.85 52.85 ≈0

Gender

Female d d 0.042 d d ≈0

Male d d d d

Residency

Non-north 5 (42) 12 (57) 0.313 57 57 ≈0

North 7 (58) 9 (43) 43 43

Comorbidity

Without d d 0.213 d d ≈0

Withc d d d d

BMI (kg/m2) 21.47 (3.20) 22.27 (3.36) 0.244 22.21 22.21 ≈0

Drinking

No d d 0.753 d d ≈0

Yes d d d d

Smoking

No d d 0.042 d d ≈0

Yes d d d d

Grade

Poorly 5 (42) 3 (14) 0.640 22 22 ≈0

Well/moderately
differentiated

7 (58) 18 (86) 78 78

T-stage

1–2 d d d d ≈0

3–4 d d d d

P-stage

2 d d 0.316 d d ≈0

3 d d d d

Tumor location

Upper d d d d

Middle d d 0.242 d d ≈0

Lower d d 0.313 d d ≈0

Tumor size (mm) 41.33 (16.00) 42.05 (19.50) 0.040 35.83 35.83 ≈0

Abbreviations: ACCRT, adjuvant concurrent chemoradiotherapy; BMI, body mass index; PSW, propensity-score weighting; SD, standard deviation.
aWeighted mean or proportion for each group (rounded).
bRounded.
cModified Carlson comorbidity score ≥1.
dThe exact numbers were not reported because of a Health and Welfare Data Science Center (HWDC) database center policy to avoid numbers in single cells (≤2).

FANG ET AL. 1991

https://clinicaltrials.gov/


uncertainty in data quality or accessibility. Furthermore, the
generalizability of our study may be limited by the wide-spread
use of neoadjuvant concurrent chemoradiotherapy and the
increasing role of immunotherapy. For example, adjuvant
immunotherapy had been reported to be beneficial for complete
resected stage II or III esophageal cancer that had received neo-
adjuvant chemoradiotherapy and had residual pathological dis-
ease.30 Therefore, the role of adjuvant radiotherapy should be
further evaluated in the era of immunotherapy.

CONCLUSION

We found that for patients with PET-staged ESCC who
received esophagectomy with clear margins, the survival was
not statistically different between adjuvant concurrent

chemoradiotherapy and observation. Further studies such as
RCT or studies with larger sample sizes are needed to clarify
this issue.

ACKNOWLEDGMENTS
The data analyzed in this study were provided by the
Health and Welfare Data Science Center, Ministry of
Health and Welfare, Executive Yuan, Taiwan. We are
grateful to Health Data Science Center, China Medical
University Hospital for providing administrative, techni-
cal, and funding support. We thank The Charlesworth
Author Services Team for their help in English language
editing.

CONFLICT OF INTEREST
All authors declare no conflict of interest.

F I G U R E 3 (a) The overlap weight-adjusted overall survival curve (in years) in the SA-1 (pN+), and (b) the overlap weight-adjusted overall survival
curve (in years) in the SA-2 (pN0).

T A B L E 4 Comparison of our finding with the available RCTs

Studies Patient characteristics Interventions Outcomes

Lv et al.6 Age mode (y): 60–70
Male (%)b: 63
Staging: by CT
PET: not mentioned

OBS vs. NCCRT vs. ACCRT 3-y OS (%)b: 51 vs. 63 vs. 63

Ni et al.25 Age median (y): 59
Male (%)b: 90
Staging: by CT
PET: not routine but only if needed

(details not reported)

OBS vs. ART vs. ACCRT 3-y OS (%)b: 48 vs. 61 vs. 67

Current study Age mean (y)a,b: 56
Male: predominantc

Staging: PET required

OBS vs. ACCRT 3-y OS (%)a,b: 47 vs. 65

Abbreviations: ACCRT, adjuvant concurrent chemoradiotherapy; ART, adjuvant radiotherapy; CT, computed tomography; NCCRT, neoadjuvant concurrent chemoradiotherapy;
OBS, observation; OS, overall survival; PET, positron emission tomography; RCT, randomized controlled trial.
aAfter propensity score weighting.
bRounded.
cThe exact numbers were not reported because of a Health and Welfare Data Science Center (HWDC) database center policy to avoid numbers in single cells (≤2).
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