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Abstract: Esophageal squamous cell carcinoma (ESCC) is a common and aggressive cancer, and its standard treat-
ment is concurrent chemoradiotherapy (CCRT). Maintenance chemotherapy is often used to help prevent cancer
recurrence, but its efficacy for patients with ESCC receiving CCRT remains unclear. We conducted a large head-
to-head propensity score matching cohort study to estimate the effects of maintenance chemotherapy on overall
survival and cancer-specific survival in patients with ESCC receiving standard CCRT. After propensity score matching
(PSM), we recruited 2724 patients with ESCC (2177 in the maintenance chemotherapy group and 547 in the non-
maintenance chemotherapy group). The adjusted hazard ratios (95% confidence intervals) of all-cause mortality
and cancer-specific mortality for the maintenance chemotherapy group were 1.15 (1.06-1.26, P = 0.0014) and 1.08
(0.88-1.29, P = 0.1320), respectively, compared with the non-maintenance chemotherapy group. We also found
that older age, relatively lower body mass index (BMI), higher American Joint Committee on Cancer clinical stage,
and poor response to CCRT as measured using the Response Evaluation Criteria in Solid Tumors were poor inde-
pendent predictors of all-cause mortality and cancer-specific mortality. Our findings indicated that maintenance che-
motherapy may not improve the survival of patients with ESCC who have received CCRT. Additionally, we identified
several key prognostic factors for patients with ESCC receiving CCRT, including relatively low BMI and poor response
to CCRT. Further research is needed to understand the benefits and risks of maintenance chemotherapy in similar
patient populations in order to identify new therapies that could improve treatment responses.

Keywords: Esophageal cancer, esophageal squamous cell carcinoma, concurrent chemoradiotherapy, mainte-
nance chemotherapy, prognostic factor

Introduction

Esophageal cancer is a leading cause of can-
cer-related deaths in Taiwan, and more than
95% of patients with esophageal cancer also
have esophageal squamous cell carcinoma
(ESCC) [1-3]. The pathological types of ESCC in

Taiwan and other Asian countries tend to differ
from those in Western countries, where esoph-
ageal adenocarcinoma is more common [4, 5].
In Taiwan, the standard treatment for esopha-
geal cancer is concurrent chemoradiotherapy
(CCRT), administered according to National
Comprehensive Cancer Network (NCCN) guide-
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lines and regimens recommended by the INT
0123 (Radiation Therapy Oncology Group
94-05) phase lll trial [6, 7]. Nevertheless, the
response rate for patients with ESCC remains
relatively low-approximately 50% [8], indicating
the presence of residual tumors, which increase
the risk of recurrence and lead to reduced sur-
vival. Consequently, some clinicians may con-
sider using additional treatment options, such
as esophagostomy or maintenance chemother-
apy, in an attempt to promote patient survival
4,2, 9.

Maintenance chemotherapy is often used after
the initial chemotherapy regimen to help pre-
vent cancer recurrence [10]. Maintenance che-
motherapy involves the use of chemotherapy
drugs to target any remaining cancer cells that
were not eliminated by the initial treatment [11-
18]. It is typically administered in low oral or
intravenous doses and over a long period com-
pared with the initial treatment [12-21]. Main-
tenance chemotherapy may be beneficial for
treating certain types of cancer [11, 14-16],
and its benefits may vary depending on the
type of cancer and the specific patient popula-
tion. In some cases [17, 18], maintenance che-
motherapy may not provide any additional ben-
efits after the initial treatment and may cause
adverse effects.

No large-scale clinical trials have examined the
efficacy of maintenance chemotherapy after
concurrent CCRT in patients with ESCC. Many
studies on the use of maintenance chemother-
apy in esophageal cancer patients have includ-
ed both squamous cell carcinoma and adeno-
carcinoma, as well as a variety of locations in
the esophagus: the cervical part, the thoracic
part, and the gastroesophageal junction (GEJ)
[19-24]. Furthermore, these studies have had
small sample sizes and have been poorly
designed, making it difficult to determine whe-
ther maintenance chemotherapy affects pa-
tient prognoses [19-24]. Some studies have
suggested that maintenance chemotherapy
may promote survival in patients with esopha-
geal cancer, whereas others have observed no
such benefits [19-24]. Thus, whether mainte-
nance chemotherapy promotes the survival of
patients with ESCC receiving standard CCRT
remains unclear. To address this knowledge
gap, we conducted a large head-to-head PSM
cohort study by using a real-world database to
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estimate the effects of maintenance chemo-
therapy on overall survival and cancer-specific
survival in patients with ESCC receiving stan-
dard CCRT.

Patients and methods
Study cohort

Data for this cohort study were obtained from
the Taiwan Cancer Registry Database (TCRD).
We included patients who had received a diag-
nosis of ESCC between January 1, 2008, and
December 31, 2018. The index date was the
date of completion of standard CCRT for ESCC,
and the follow-up period ran from the index
date to December 31, 2020. The TCRD of the
Collaboration Center of Health Information
Application contains detailed cancer-related
information on patients, including clinical sta-
ge, treatment modalities, chemotherapy regi-
mens, chemotherapy doses, pathology, radia-
tion modalities and doses, and treatment pro-
tocols [2, 25, 26]. The study protocols were
reviewed and approved by the Institutional
Review Board of Tzu-Chi Medical Foundation
(IRB109-015-B).

Inclusion and exclusion criteria

The inclusion criteria were being > 18 years old;
having a diagnosis of ESCC; having clinical
stage I-IVA disease without metastasis, accord-
ing to the eighth edition of the American Joint
Committee on Cancer (AJCC); and having an
Eastern Cooperative Oncology Group perfor-
mance status of O or 1. We excluded patients
with a history of cancer prior to ESCC diagnosis,
distant metastasis, missing sex data, age
younger than 18 years, unclear staging, an
unclear Response Evaluation Criteria in Solid
Tumors (RECIST) response after CCRT, un-
known cigarette smoking or alcohol use, or
non-squamous cell carcinoma histology. In
addition, patients who had undergone esopha-
gostomy followed by CCRT were excluded to
ensure that the results related to the survival
effects of maintenance chemotherapy for ESCC
after standard CCRT were not confounded.

Standard CCRT for ESCC was defined as the
administration of platinum-based chemothera-
py (e.g., cisplatin or carboplatin) combined with
intensity-modulated radiation therapy (total
dose: 5000-5040 cGy/28fx [7]). The incidence

Am J Cancer Res 2024;14(5):2300-2312



Maintenance chemotherapy for ESCC

of comorbidities was scored using the Charl-
son comorbidity index (CCI) [27-29]. Only comor-
bidities observed in the 6 months prior to the
index date were included, and these comor-
bidities were coded and classified according to
the corresponding International Classification
of Diseases, Ninth Revision, Clinical Modifica-
tion (ICD-9-CM) codes or International Classifi-
cation of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes at the first
inpatient visit or after more than two outpatient
visits.

Maintenance chemotherapy

This paper defines maintenance chemotherapy
as regimens containing fluorouracil alongside
leucovorin, capecitabine, cisplatin, or oxaliplat-
in administered in combination with each other
or with other chemotherapy agents, such as
irinotecan or docetaxel, based on the recom-
mendations of medical oncologists [19-21].
Maintenance chemotherapy for ESCC after
CCRT was administered for at least six cycles
over 6 months.

PSM

To control for potential confounders when com-
paring the survival outcomes of the mainte-
nance and non-maintenance chemotherapy
groups, all patients were matched using PSM
based on the following variables: age, sex, body
mass index (BMI), year of diagnosis, AJCC clini-
cal stage, RECIST response after CCRT, ciga-
rette smoking habits, alcohol consumption
habits, and CCI scores (Table 1). The mainte-
nance and non-maintenance chemotherapy
groups were matched at a ratio of 1:4 by us-
ing the greedy matching method with a caliper
of 0.2 [30]. Continuous variables are present-
ed as means + standard deviations where
appropriate.

Outcome measures

The primary outcome was all-cause morta-
lity among PSM patients with ESCC receiving
maintenance or non-maintenance chemothe-
rapy after standard CCRT. The secondary out-
come was cancer-specific mortality.

Statistical analysis

We determined the association between main-
tenance chemotherapy and survival outcomes
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in patients with ESCC who received standard
CCRT. We used the Kaplan-Meier method to
estimate the cumulative incidences of all-
cause mortality and cancer-specific mortality
in the maintenance and non-maintenance che-
motherapy groups, and the log-rank test was
used to determine between-group differences.
Because residual imbalance can remain after
PSM has been applied to a large sample [31,
32], we used univariate and multivariate Cox
regression analysis to estimate crude hazard
ratios (HRs) and adjusted HRs (aHRs) with 95%
confidence intervals (Cls) for all-cause mortali-
ty and cancer-specific mortality in both groups.
In addition, sensitivity analyses were conduct-
ed to evaluate the risk of all-cause mortality
and cancer-specific mortality in subgroups
based on age, BMI, AJCC clinical stage, and
RECIST response after CCRT. All analyses were
performed using SAS (version 9.4), and two-
tailed P < 0.05 was considered statistically
significant.

Results
Clinicopathological characteristics

This study enrolled 4676 patients with ESCC
receiving standard CCRT, namely 4129 in the
non-maintenance chemotherapy group and
547 in the maintenance chemotherapy group.
Table 1 presents the characteristics of the two
groups before PSM. Before PSM, the mainte-
nance chemotherapy group had a younger aver-
age age, higher advanced AJCC clinical stages,
and a poorer RECIST response after CCRT com-
pared with the non-maintenance chemothera-
py group. After PSM, 2724 patients with ESCC
were included in the study (2177 in the mainte-
nance chemotherapy group and 547 in the non-
maintenance chemotherapy group), and all
confounding factors were balanced between
the two groups. The median follow-up duration
after the index date was 2.44 years. The all-
cause mortality rates were 83.14% and 91.04%
for the matched non-maintenance and mainte-
nance chemotherapy groups, respectively (P <
0.0001). The cancer-specific mortality rates
were 85.99% and 89.21% for the matched non-
maintenance and maintenance chemotherapy
groups, respectively (P = 0.6083).

All-cause mortality

Maintenance chemotherapy was a significant
and poor independent predictor of all-cause

Am J Cancer Res 2024;14(5):2300-2312



Maintenance chemotherapy for ESCC

Table 1. Characteristics of maintenance and non-maintenance chemotherapy for patients with ESCC after standard CCRT

Before Propensity Score Matching

After Propensity Score Matching

Non-Maintenance

Maintenance

Non-Maintenance

Maintenance

Chemotherapy Chemotherapy Chemotherapy Chemotherapy
N = 4129 N = 547 PValue N = 2177 N = 547 P Value
N % N % N % N %
Age, Years (mean + SD) 58.74 + 10.44 56.31 +8.71 < 0.0001 56.67 + 9.13 56.31 +8.71 0.4117
Age, Years Median (IQR, Q1-Q3) 58.00 (51.00-65.00) 55.00 (50.00-62.00) < 0.0001 56.00 (50.00-62.00) 55.00 (50.00-62.00) 0.4467
Age Group, Years < 0.0001 0.8508
<50 905 21.92% 140 25.59% 561 25.77% 140 25.59%
51-60 1580 38.27% 235 42.96% 935 42.95% 235 42.96%
61-70 1061 25.70% 134 24.50% 551 25.31% 134 24.50%
>70 583 14.12% 38 6.95% 130 5.97% 38 6.95%
Sex 0.4825 0.3043
Women 3911 94.72% 522 95.43% 2098 96.37% 522 95.43%
Men 218 5.28% 25 4.57% 79 3.63% 25 4.57%
BMI 0.0758 0.7080
<185 754 18.26% 115 21.02% 459 21.08% 115 21.02%
18.5-23 2314 56.04% 315 57.59% 1253 57.56% 315 57.59%
24-26 708 17.15% 85 15.54% 326 11.71% 85 15.54%
>27 353 8.55% 32 5.85% 139 6.38% 32 5.85%
Years of Diagnosis 0.6577 0.7687
2008-2010 1128 27.32% 153 27.97% 630 28.94% 153 27.97%
2011-2013 1600 38.75% 201 36.75% 814 37.39% 201 36.75%
2014-2018 1401 33.93% 193 35.28% 733 33.67% 193 35.28%
AJCC Clinical Stage < 0.0001 0.9202
I 177 4.29% 16 2.93% 54 2.48% 16 2.93%
IA 698 16.90% 59 10.79% 255 11.71% 59 10.79%
IIB 1025 24.82% 112 20.48% 460 21.13% 112 20.48%
A 535 12.96% 58 10.60% 246 11.30% 58 10.60%
1B 711 17.22% 99 18.10% 406 18.65% 99 18.10%
IVA 989 23.80% 203 37.11% 756 34.73% 203 37.11
RECIST Response After CCRT < 0.0001 0.9405
CR 650 15.74% 46 8.41% 180 8.23% 46 8.41%
PR 1579 38.23% 216 39.49% 869 39.91% 216 39.49%
SD 288 6.98% 50 9.14% 205 9.42% 50 9.14%
PD 1612 39.04% 235 42.96% 923 42.40% 235 42.96%
2303 Am J Cancer Res 2024;14(5):2300-2312
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Cigarette Smoking 0.9222 0.4937
Never 476 11.53% 63 11.52% 224 10.29% 63 11.52%
Current 2785 67.45% 373 68.19% 1469 67.48% 373 68.19%
Quit 868 21.02% 111 20.29% 484 22.23% 111 20.29%
Alcohol Consumption 0.3388 0.2837
Never 583 14.12% 66 12.07% 218 10.01% 66 12.07%
Moderate 2678 64.86% 370 67.64% 1475 67.75% 370 67.64%
Heavy 868 21.02% 111 20.29% 484 22.23% 111 20.29%
CCl Score
Mean (SD) 0.99 +1.27 0.93+1.14 0.2567 1.02 £ 1.26 0.93+1.14 0.1126
Median (IQR, Q1-Q3) 0.00 (0.00-2.00) 0.00 (0.00-2.00) 0.6552 0.00 (0.00-2.00) 0.00 (0.00-2.00) 0.2776
CCI Score 0.9016 0.4872
0 2185 52.92% 291 53.20% 1122 51.54% 291 53.20%
1 1944 47.08% 256 46.80% 1055 48.46% 256 46.80%
CCl
Congestive Heart Failure 116 2.80% 9 1.70% 0.1127 50 2.30% 9 1.70% 0.1208
Dementia 0 0.00% 0 0.00% 0.9999 0 0.00% 0 0.00% 0.9999
Chronic Pulmonary Disease 749 18.10% 98 17.90% 0.8983 377 17.30% 98 17.90% 0.7534
Rheumatic Disease 27 0.70% 3 0.60% 0.7716 18 0.80% 3 0.60% 0.5047
Liver Disease 1-217 29.50% 169 30.90% 0.494 711 32.70% 169 30.90% 0.8427
Diabetes With Complications 145 3.50% 15 2.70% 0.3522 68 3.10% 15 2.70% 0.9737
Hemiplegia and Paraplegia 0 0.00% 0 0.00% 0.9999 0 0.00% 0 0.00% 0.9999
Renal Disease 150 3.6% 11 2.00% 0.0506 71 3.30% 11 2.00% 0.4206
Acquired Immunodeficiency Syndrome 0 0.00% 0 0.00% 0.9999 0 0.00% 0 0.00% 0.9999
Outcomes
All-Cause Death < 0.0001 < 0.0001
No 814 19.71% 49 8.96% 367 16.86% 49 8.96%
Yes 3315 80.29% 498 91.04% 1810 83.14% 498 91.04%
Cancer Death < 0.0001 0.6083
No 1006 24.36% 59 10.79% 305 14.01% 59 10.79%
Yes 3123 75.64% 488 89.21% 1872 85.99% 488 89.21%

Abbreviations: ESCC, esophageal squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; BMI, body mass index; RECIST, Response Evaluation Criteria in Solid Tumors;
AJCC, American Joint Committee on Cancer; PSM, propensity score matching; CCI, Charlson comorbidity index; N, number; SD, standard deviation; IQR, interquartile range; CR, com-
plete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Table 2. Cox proportional regression model of all-cause mortality for propensity score-matched pa-

tients with ESCC after standard CCRT

Crude HR (95%

Adjusted HR"

o) P Value (95% Cl) P Value

Chemotherapy (ref. Non-Maintenance Chemotherapy)

Maintenance Chemotherapy 1.18 (1.08-1.29) 0.0002 1.15(1.06-1.26) 0.0014
Age Group, Years (ref. 18-50)

51-60 1.06 (1.02-1.34) 0.0009 1.07 (1.02-1.95) 0.0019

61-70 1.24 (1.16-1.93) 0.0008 1.13(1.70-1.92) 0.0006

>70 1.97 (1.33-2.22) 0.0066 1.90(1.77-2.05) 0.0038
Sex (ref. Women)

Men 0.84 (0.7-1.02) 0.0734 0.84(0.69-1.03) 0.0924
BMI (ref. < 18.5)

18.5-23 0.79 (0.71-0.88) <0.0001 0.80(0.72-0.9) < 0.0001

24-26 0.73 (0.64-0.84) < 0.0001 0.76 (0.66-0.88) 0.0002

>27 0.65 (0.54-0.79) < 0.0001 0.71(0.58-0.86) 0.0004
Years of Diagnosis (ref. 2008-2010)

2011-2013 0.90 (0.83-0.99) 0.0255 0.96(0.83-1.12) 0.6112

2014-2018 0.90 (0.82-0.99) 0.0237 0.96(0.82-1.12) 0.5689
AJCC Clinical Stage (ref. stage I)

1A 1.53 (1.15-2.04) 0.0033 1.54(1.16-2.06) 0.0030

1B 1.69(1.28-2.23) 0.0002 1.70(1.29-2.24) 0.0002

A 1.92 (1.45-2.56) <0.0001 2.06 (1.55-2.74) < 0.0001

B 2.07 (1.57-2.73) <0.0001 2.16(1.63-2.85) < 0.0001

IVA 2.72 (2.07-3.57) <0.0001 2.69 (2.05-3.53) < 0.0001
RECIST Response After CCRT (ref. CR)

PR 1.79 (1.5-2.15) < 0.0001 1.64 (1.37-1.97) < 0.0001

SD 1.69 (1.35-2.12) < 0.0001 1.60 (1.27-2.00) < 0.0001

PD 2.20(1.84-2.63) <0.0001 2.11 (1.76-2.53) < 0.0001
Cigarette Smoking (ref. never)

Current 1.28 (0.77-2.12) 0.3430 1.01(0.61-1.68) 0.9715

Quit 1.00 (0.92-1.07) 0.8886 1.02(0.94-1.09) 0.6950
Alcohol Consumption (ref. never)

Moderate 1.00 (0.81-1.23) 0.9663 0.97 (0.78-1.19) 0.7596

Heavy 1.19 (0.92-1.54) 0.1808 1.04 (0.80-1.35) 0.7685
CCl Score (ref. CCI = 0)

>1 1.06 (0.93-1.21) 0.3488 1.08(0.95-1.24) 0.2568

Abbreviations: ESCC, esophageal squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; BMI, body mass index;
RECIST, Response Evaluation Criteria in Solid Tumors; AJCC, American Joint Committee on Cancer; PSM, propensity score
matching; Cl, confidence interval; CCl, Charlson comorbidity index; HR, hazard ratio; aHR, adjusted hazard ratio; CR, com-
plete response; PR, partial response; SD, stable disease; PD, progressive disease. "All covariates presented in Table 2 were

adjusted.

mortality in patients with ESCC receiving stan-
dard CCRT. The aHR (95% Cl) of all-cause mor-
tality for the maintenance chemotherapy group
was 1.15 (1.06-1.26, P = 0.0014) compared
with the non-maintenance chemotherapy gr-
oup. Additionally, we found that older age,
lower BMI, higher AJCC clinical stage, and poor
RECIST response after CCRT were poor inde-
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pendent predictors of all-cause mortality (Table
2). The aHRs (95% ClI) of all-cause mortality for
the age groups of 51-60, 61-70, and > 70 years;
BMI groups of 18.5-23, 24-26, and = 27; AJCC
clinical stages of lIA, 1B, IlIA, 1B, and IVA; and
RECIST partial response (PR), stable disease
(SD), and progressive disease (PD) were 1.07
(1.02-1.95), 1.13 (1.70-1.92), 1.90 (1.77-2.05),
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0.80 (0.72-0.9), 0.76 (0.66-0.88), 0.71 (0.58-
0.86), 1.54 (1.16-2.06), 1.70 (1.29-2.24), 2.06
(1.55-2.74), 2.16 (1.63-2.85), 2.69 (2.05-3.53),
1.64 (1.37-1.97), 1.60 (1.27-2.00), and 2.11
(1.76-2.53), respectively, compared with the
reference group of age = 18-50 years, BMI <
18.5, AJCC clinical stage |, and RECIST com-
plete response (CR).

Cancer-specific mortality

After PSM, maintenance chemotherapy was a
nonsignificant and poor independent predictor
of cancer-specific mortality. The aHR (95% Cl)
for cancer-specific mortality in the maintenance
chemotherapy group was 1.08 (0.88-1.29, P =
0.1320) compared with the non-maintenance
chemotherapy group. Nevertheless, we obser-
ved that older age, lower BMI, higher AJCC clini-
cal stage, and poor RECIST response to CCRT
were poor independent predictors of cancer-
specific mortality. Specifically, compared with
the reference group of aged = 18-50 years,
BMI < 18.5, AJCC clinical stage I, and RECIST
CR, the aHR (95% CIl) for cancer-specific mor-
tality was higher for patients in the following
categories: age = 51-60, 61-70, and > 70 years
(@HR 1.14-1.34); BMI = 18.5-23, 24-26, and >
27 (@aHR 0.80-0.69); AJCC clinical stages lIA,
1B, NIA, 1B, and IVA (@aHR 1.71-3.08); and
RECIST PR, SD, and PD (aHR 1.71-2.41) (Table
3).

Sensitivity analysis

The results of sensitivity analyses revealed th-
at maintenance chemotherapy was associated
with a significant increase in all-cause mortality
in the subgroups of patients with AJCC clinical
stage I-llIA and RECIST CR or PR (Table 4).
These findings suggested that maintenance
chemotherapy might not have been beneficial
for overall survival in these particular sub-
groups of patients with ESCC. Moreover, main-
tenance chemotherapy did not significantly
increase cancer-specific mortality in patients
with ESCC receiving CCRT (Table 4).

Kaplan-Meier survival curves

The 2-year overall survival rates for patients in
the non-maintenance chemotherapy and main-
tenance chemotherapy groups were 34.66%
and 28.89%, respectively (P < 0.0001; Figure
1). Additionally, the 2-year cancer-specific sur-
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vival rates for patients in the non-maintenance
chemotherapy and maintenance chemothera-
py groups were 30.66% and 28.89%, respec-
tively (P = 0.0916; Figure 2). These results sug-
gested that maintenance chemotherapy might
not have improved the survival of patients with
ESCC receiving CCRT.

Discussion

Many studies on maintenance chemotherapy
for esophageal cancer have included both ade-
nocarcinoma and squamous cell carcinoma, as
well as various locations in the esophagus,
including the cervical part, thoracic part, and
GEJ [19-21]. By contrast, our study focused
solely on cervical and thoracic ESCC. Our study
was the largest PSM study to date to examine
the impact of maintenance chemotherapy on
the survival of patients with ESCC receiving
standard CCRT, and the findings indicated that
maintenance chemotherapy might not have
improved the survival of the analyzed patients
(Tables 2-4). In addition, we found that older
age, lower BMI, higher AJCC clinical stage, and
poor response to CCRT based on the RECIST
were poor independent predictors of both all-
cause mortality and cancer-specific mortality.

This study observed that the response rate
after standard CCRT for ESCC was poor, with
high rates (approximately 45%) of SD and PD
(Table 1). Maintenance chemotherapy is often
considered for patients with ESCC in Taiwan;
however, we found that this form of treatment
did not improve overall survival and instead
increased all-cause mortality but not cancer-
specific mortality. After PSM to control for con-
founders-such as performance status, under-
lying diseases, clinical stages, and response
to CCRT-the survival outcomes were still not
improved by maintenance chemotherapy. In
the sensitivity analysis, we observed that main-
tenance chemotherapy was associated with a
significant increase in all-cause mortality in the
subgroups of patients with ESCC who had AJCC
clinical stage I-llIA and a complete or partial
response to CCRT based on the RECIST criteria
(Table 4). These findings suggest that mainte-
nance chemotherapy may not be beneficial for
overall survival in these particular subgroups of
patients with ESCC, especially in the early clini-
cal stage (stages I-IlIA) and among those with
better RECIST after CCRT (complete or partial
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Table 3. Cox proportional regression model of cancer-specific mortality for propensity score-matched

patients with ESCC after standard CCRT

Crude HR (95%

Adjusted HR”

cl) P Value (95% CI) P Value

Chemotherapy (ref. Non-Maintenance Chemotherapy)

Maintenance Chemotherapy 1.11(0.91-1.32) 0.1851 1.08(0.88-1.29) 0.1320
Age Group, Years (ref. 18-50)

51-60 1.15 (1.07-1.93) 0.0004 1.14 (1.28-1.84) 0.0008

61-70 1.23(1.14-1.91) 0.0003 1.22(1.12-1.81) 0.0002

>70 1.33(1.18-1.99) 0.3634 1.34(1.24-1.91) 0.0712
Sex (ref. Women)

Men 0.84 (0.69-1.01) 0.0686 0.83(0.68-1.03) 0.0848
BMI (ref. < 18.5)

18.5-23 0.78 (0.7-0.87) < 0.0001 0.80 (0.71-0.89) < 0.0001

24-26 0.72 (0.63-0.83) <0.0001 0.75(0.65-0.87) 0.0001

>27 0.63 (0.52-0.77) < 0.0001 0.69 (0.56-0.84) 0.0002
Years of Diagnosis (ref. 2008-2010)

2011-2013 0.91 (0.83-1) 0.0389 0.97(0.83-1.13) 0.6950

2014-2018 0.90 (0.81-0.99) 0.0261 0.96(0.81-1.12) 0.5839
AJCC Clinical Stage (ref. stage I)

IA 1.70 (1.25-2.32) 0.0008 1.71(1.25-2.33) 0.0007

1B 1.93(1.43-2.6) <0.0001 1.93(1.43-2.61) <0.0001

A 2.18(1.6-2.97) <0.0001 2.33(1.71-3.17) <0.0001

B 2.33(1.72-3.15) <0.0001 2.41(1.78-3.27) < 0.0001

IVA 3.13(2.32-4.2) <0.0001 3.08(2.29-4.15) < 0.0001
RECIST Response After CCRT (ref. CR)

PR 1.87 (1.55-2.26) <0.0001 1.71(1.41-2.06) < 0.0001

SD 1.89 (1.33-2.13) < 0.0001 1.80(1.26-2.02) 0.0001

PD 2.28 (1.89-2.74) <0.0001 2.17 (1.80-2.62) < 0.0001
Cigarette Smoking (ref. never)

Current 1.09 (0.99-1.21) 0.0870 1.11(0.98-1.25) 0.0972

Quit 0.99 (0.91-1.06) 0.6832 1.01(0.93-1.09) 0.8520
Alcohol Consumption (ref. never)

Moderate 1.20(1.04-1.38) 0.0103 1.00(0.81-1.22) 0.9747

Heavy 0.98 (0.92-1.04) 0.5598 1.01(0.95-1.08) 0.7263
CCl Score (ref. CCl = 0)

>1 1.08 (0.95-1.24) 0.2568 1.07 (0.95-1.30) 0.1848

Abbreviations: ESCC, esophageal squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; BMI, body mass index;
RECIST, Response Evaluation Criteria in Solid Tumors; AJCC, American Joint Committee on Cancer; PSM, propensity score
matching; Cl, confidence interval; CCl, Charlson comorbidity index; HR, hazard ratio; aHR, adjusted hazard ratio; CR, com-
plete response; PR, partial response; SD, stable disease; PD, progressive disease. "All covariates presented in Table 3 were

adjusted.

response). According to the sensitivity analysis,
maintenance chemotherapy did not significant-
ly increase or decrease cancer-specific mortal-
ity in patients with ESCC receiving CCRT (Table
4). Therefore, the increase in all-cause mortali-
ty in the maintenance chemotherapy group
may have been due to the toxicity of the treat-

2307

ment given that cancer-specific mortality is not
influenced by maintenance chemotherapy.

Several factors were independent predictors
of both all-cause mortality and cancer-specific
mortality in patients with ESCC who received
standard CCRT, these factors were older age,
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Table 4. Sensitivity analysis of the association between maintenance and non-maintenance chemo-
therapy and cancer-specific or all-cause mortality in patients with ESCC after standard CCRT

Subpopulation or Exposure

All-Cause Mortality

Cancer-Specific Mortality

aHR"™ (95% Cl) P Value aHR" (95% Cl) P Value
Age Group, Years
< 50 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.11 (0.96-1.28) 0.1651 1.13(0.98-1.30) 0.1034
51-60 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.02 (0.86-1.20) 0.8637 1.03(0.87-1.22) 0.7410
61-70 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 0.98 (0.74-1.32) 0.9186 1.03(0.77-1.38) 0.8516
> 70 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 2.18 (0.85-5.57) 0.1049 1.78(0.66-4.82) 0.2540
BMI
< 18.5 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.08 (0.84-1.39) 0.5451 1.1(0.85-1.41) 0.4818
18.5-23 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.02 (0.87-1.18) 0.8308 1.05(0.90-1.23) 0.5275
24-26 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.15 (0.85-1.57) 0.362 1.19 (0.87-1.62) 0.2838
> 27 (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.76 (0.96-3.23) 0.0671  1.89(0.92-3.49) 0.0517
AJCC Clinical Stage
| (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.70 (1.15-3.86) 0.0019 1.59(0.68-3.72) 0.2850
IIA (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.39(1.02-1.90) 0.0374 1.06(0.88-1.88) 0.4223
IIB (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.28 (1.02-1.60) 0.0312 1.13(0.84-1.63) 0.3241
IlIA (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.35(1.08-1.86) 0.0223 1.09(0.81-1.92) 0.3459
I1IB (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.03(0.81-1.32) 0.8051 1.10(0.86-1.40) 0.4595
IVA (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.83(0.71-1.98) 0.5325 1.85(0.72-2.00) 0.1571
RECIST Response After CCRT
CR (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.86 (1.11-2.45) 0.0025 1.89(0.92-2.20) 0.2252
PR (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.18 (1.07-1.42) 0.0218 1.21(0.91-1.46) 0.3430
SD (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.05(0.88-1.26) 0.5629 1.08(0.90-1.29) 0.4055
PD (ref. Non-Maintenance Chemotherapy) 1 1
Maintenance Chemotherapy 1.02 (0.87-1.21) 0.7789 1.06(0.87-1.25) 0.5156

Abbreviations: ESCC, esophageal squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; BMI, body mass index;
RECIST, Response Evaluation Criteria in Solid Tumors; AJCC, American Joint Committee on Cancer; PSM, propensity score
matching; Cl, confidence interval; aHR, adjusted hazard ratio; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease. “All covariates presented in Table 4 were adjusted.
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Figure 1. Kaplan-Meier overall survival curves for maintenance and non-
maintenance chemotherapy for patients with ESCC after standard CCRT.
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34]. Given that better RECIST
after CCRT was significantly
associated with overall surviv-
al and cancer-specific survi-
val, identifying new agents to
enhance the response rate of

1.0 . .
— Non-Maintenance Chemotherapy ESCC Patlents receiving CCRT
—— Maintenance Chemotherapy is crucial.
0.8 log-rank test p-value 0.0003
> The strengths of our study are
§ 067 described as follows. First, the
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Figure 2. Kaplan-Meier cancer-specific survival curves for maintenance
and non-maintenance chemotherapy for patients with ESCC After standard

CCRT.

lower BMI, higher clinical stage according to the
AJCC, and poor response to CCRT. These find-
ings were consistent with those of studies iden-
tifying older age and higher AJCC stages as
poor prognostic factors for ESCC survival [2,
25, 26]. The prognostic factors of ESCC pa-
tients receiving standard CCRT are of particu-
lar interest. Few studies have investigated the
association of BMI and RECIST after CCRT with
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amine the impact of mainte-
nance chemotherapy on the
survival of patients with ESCC
receiving standard CCRT. Its
relatively large sample size in-
creased the power of the study and yielded
more reliable results. Finally, our use of the
RECIST as a measure of response to CCRT
allowed for more accurate and objective evalu-
ation of treatment effectiveness.

This study had some limitations. First, it was

not possible to determine the toxicity of the
different treatments, and this aspect may have

Am J Cancer Res 2024;14(5):2300-2312
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influenced treatment-related mortality or other
underlying factors that could have biased the
estimates. However, we attempted to control
for potential confounding factors by matching
comorbidities and clinical stages according to
the AJCC and selecting patients with similar
physical activity levels as measured using their
Eastern Cooperative Oncology Group perfor-
mance statuses. Second, the study population
consisted solely of Asian patients with ESCC,
and thus the results may not be generalizable
to other ethnic groups. Third, the small sample
size in the sensitivity analysis may have limited
the generalizability of the conclusions, par-
ticularly for the subgroups with relatively few
patients. Fourth, diagnoses of comorbid condi-
tions were based on ICD-9-CM and ICD-10-CM
codes, which may not be entirely accurate.
However, the Taiwan Cancer Registry Admini-
stration takes steps to verify the accuracy of
diagnoses through chart reviews and patient
interviews, and hospitals that are found to have
discrepancies or have engaged in malpractice
may face penalties. Fifth, unknown selection
bias may have existed in the use of mainte-
nance chemotherapy or non-maintenance che-
motherapy. Therefore, a large-scale random-
ized trial is warranted to compare carefully
selected patients undergoing suitable treat-
ments in order to provide more definitive con-
clusions about the effectiveness of mainte-
nance chemotherapy in treating patients with
ESCC receiving standard chemotherapy.

Conclusion

Our results revealed that maintenance chemo-
therapy may not improve the survival rate of
patients with ESCC who have received CCRT.
However, further research is necessary to fully
understand the potential benefits and risks of
this treatment option in similar patient popula-
tions. Additionally, we identified several impor-
tant prognostic factors for patients with ESCC
receiving CCRT, including relatively low BMI and
poor response to CCRT, as measured using the
RECIST. These findings suggested a need for
new therapies that could improve the response
rate of patients with ESCC receiving CCRT
given that better RECIST response after CCRT
is significantly associated with improved overall
survival and cancer-specific survival. Further
research is required to explore potential treat-
ment options and evaluate their effectiveness

2310

in enhancing the response rate and improving
the survival of patients with ESCC.

Acknowledgements

Lo-Hsu Medical Foundation, Lotung Poh-Ai
Hospital, supports Szu-Yuan Wu’s work (Fund-
ing Number: 110908, 10909, 11001, 11002,
11003, 11006, and 11013).

Disclosure of conflict of interest
None.
Abbreviations

ESCC, Esophageal squamous cell carcinoma;
CCRT, Concurrent chemoradiotherapy; BMI,
Body mass index; RECIST, Response Evalua-
tion Criteria in Solid Tumors; AJCC, American
Joint Committee on Cancer; PSM, Propensity
score matching; Cl, Confidence interval; aHR,
Adjusted hazard ratio; NCCN, National Com-
prehensive Cancer Network; TCRD, Taiwan
Cancer Registry Database; CCI, Charlson
comorbidity index; ICD-9-CM, International
Classification of Diseases, Ninth Revision,
Clinical Modification; HR, hazard ratio; GEJ,
gastroesophageal junction; CR, complete res-
ponse; PR, partial response; SD, stable dis-
ease; PD, progressive disease.

Address correspondence to: Dr. Szu-Yuan Wu, Big
Data Center, Lo-Hsu Medical Foundation, Lotung
Poh-Ai Hospital, No. 83, Nanchang Street, Luodong
Township, Yilan 265, Taiwan. E-mail: szuyuan-
wub399@gmail.com; Dr. Ben-Chang Shia, Graduate
Institute of Business Administration, College of
Management, Fu Jen Catholic University, Taipei,
Taiwan. E-mail: 025674@mail.fju.edu.tw

References

[1] Lin WC, Ding YF, Hsu HL, Chang JH, Yuan KS,
Wu ATH, Chow JM, Chang CL, Chen SU and Wu
SY. Value and application of trimodality thera-
py or definitive concurrent chemoradiotherapy
in thoracic esophageal squamous cell carci-
noma. Cancer 2017; 123: 3904-3915.

[2] Yen YC, Chang JH, Lin WC, Chiou JF, Chang YC,
Chang CL, Hsu HL, Chow JM, Yuan KS, Wu ATH
and Wu SY. Effectiveness of esophagectomy in
patients with thoracic esophageal squamous
cell carcinoma receiving definitive radiothera-
py or concurrent chemoradiotherapy through
intensity-modulated radiation therapy tech-
niques. Cancer 2017; 123: 2043-2053.

Am J Cancer Res 2024;14(5):2300-2312


mailto:szuyuanwu5399@gmail.com
mailto:szuyuanwu5399@gmail.com
mailto:025674@mail.fju.edu.tw

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

2311

Maintenance chemotherapy for ESCC

Chang CL, Tsai HC, Lin WC, Chang JH, Hsu HL,
Chow JM, Yuan KS, Wu ATH and Wu SY. Dose
escalation intensity-modulated radiotherapy-
based concurrent chemoradiotherapy is effec-
tive for advanced-stage thoracic esophageal
squamous cell carcinoma. Radiother Oncol
2017; 125: 73-79.

Pennathur A, Gibson MK, Jobe BA and Luke-
tich JD. Oesophageal carcinoma. Lancet 2013;
381: 400-412.

Domper Arnal MJ, Ferrandez Arenas A and La-
nas Arbeloa A. Esophageal cancer: risk factors,
screening and endoscopic treatment in West-
ern and Eastern countries. World J Gastroen-
terol 2015; 21: 7933-7943.

Minsky BD, Pajak TF, Ginsberg RJ, Pisansky
TM, Martenson J, Komaki R, Okawara G,
Rosenthal SA and Kelsen DP. INT 0123 (Radia-
tion Therapy Oncology Group 94-05) phase llI
trial of combined-modality therapy for esopha-
geal cancer: high-dose versus standard-dose
radiation therapy. J Clin Oncol 2002; 20: 1167-
1174.

NCCN Clinical Practice Guidelines in Oncology:
Uterine Neoplasms. In: (NCCN) NCCN, editor.
National Comprehensive Cancer Network
(NCCN) Version 1 2023. December 22, 2022
ed. 94 N Woodhull Rd, Huntington, NY 1174 3:
Harborside Press, LLC; 2022. p. Version 1.
2023.

Park J, Yea JW, Oh SA and Park JW. Omitting
surgery in esophageal cancer patients with
complete response after neoadjuvant chemo-
radiotherapy: a systematic review and meta-
analysis. Radiat Oncol 2021; 16: 219.

Xia X, Liu Z, Qin Q, Di X, Zhang Z, Sun X and Ge
X. Long-term survival in nonsurgical esopha-
geal cancer patients who received consolida-
tion chemotherapy compared with patients
who received concurrent chemoradiotherapy
alone: a systematic review and meta-analysis.
Front Oncol 2020; 10: 604657.

Mei L, Chen H, Wei DM, Fang F, Liu GJ, Xie HY,
Wang X, Zou J, Han X and Feng D. Maintenance
chemotherapy for ovarian cancer. Cochrane
Database Syst Rev 2013; 2013: CDO07414.
Perol M, Chouaid C, Perol D, Barlesi F, Gervais
R, Westeel V, Crequit J, Lena H, Vergnenegre A,
Zalcman G, Monnet |, Le Caer H, Fournel P, Fal-
chero L, Poudenx M, Vaylet F, Segura-Ferlay C,
Devouassoux-Shisheboran M, Taron M and
Milleron B. Randomized, phase Il study of
gemcitabine or erlotinib maintenance therapy
versus observation, with predefined second-
line treatment, after cisplatin-gemcitabine in-
duction chemotherapy in advanced non-small-
cell lung cancer. J Clin Oncol 2012; 30:
3516-3524.

Goldstone AH, Richards SM, Lazarus HM, Tall-
man MS, Buck G, Fielding AK, Burnett AK, Cho-

(13]

(14]

(15]

(17]

pra R, Wiernik PH, Foroni L, Paietta E, Litzow
MR, Marks DI, Durrant J, McMillan A, Franklin
IM, Luger S, Ciobanu N and Rowe JM. In adults
with standard-risk acute lymphoblastic leuke-
mia, the greatest benefit is achieved from a
matched sibling allogeneic transplantation in
first complete remission, and an autologous
transplantation is less effective than conven-
tional consolidation/maintenance chemother-
apy in all patients: final results of the Interna-
tional ALL Trial (MRC UKALL XII/ECOG E2993).
Blood 2008; 111: 1827-1833.

Shin HJ, Chung JS and Cho GJ. Imatinib interim
therapy between chemotherapeutic cycles and
in vivo purging prior to autologous stem cell
transplantation, followed by maintenance ther-
apy is a feasible treatment strategy in Philadel-
phia chromosome-positive acute lymphoblas-
tic leukemia. Bone Marrow Transplant 2005;
36:917-918.

Zinner RG, Obasaju CK, Spigel DR, Weaver RW,
Beck JT, Waterhouse DM, Modiano MR, Hrinc-
zenko B, Nikolinakos PG, Liu J, Koustenis AG,
Winfree KB, Melemed SA, Guba SC, Ortuzar
WI, Desaiah D, Treat JA, Govindan R and Ross
HJ. PRONOUNCE: randomized, open-label, ph-
ase lll study of first-line pemetrexed + carbopl-
atin followed by maintenance pemetrexed ver-
sus paclitaxel + carboplatin + bevacizumab
followed by maintenance bevacizumab in pa-
tients ith advanced nonsquamous non-small-
cell lung cancer. J Thorac Oncol 2015; 10:
134-142.

Ciuleanu T, Brodowicz T, Zielinski C, Kim JH,
Krzakowski M, Laack E, Wu YL, Bover |, Begbie
S, Tzekova V, Cucevic B, Pereira JR, Yang SH,
Madhavan J, Sugarman KP, Peterson P, John
WJ, Krejcy K and Belani CP. Maintenance
pemetrexed plus best supportive care versus
placebo plus best supportive care for non-
small-cell lung cancer: a randomised, double-
blind, phase 3 study. Lancet 2009; 374: 1432-
1440.

Paz-Ares L, de Marinis F, Dediu M, Thomas M,
Pujol JL, Bidoli P, Molinier O, Sahoo TP, Laack
E, Reck M, Corral J, Melemed S, John W,
Chouaki N, Zimmermann AH, Visseren-Grul C
and Gridelli C. Maintenance therapy with
pemetrexed plus best supportive care versus
placebo plus best supportive care after induc-
tion therapy with pemetrexed plus cisplatin for
advanced non-squamous non-small-cell lung
cancer (PARAMOUNT): a double-blind, phase
3, randomised controlled trial. Lancet Oncol
2012; 13: 247-255.

Seto T, Azuma K, Yamanaka T, Sugawara S,
Yoshioka H, Wakuda K, Atagi S, Iwamoto Y,
Hayashi H, Okamoto |, Saka H, Mitsuoka S, Fu-
jimoto D, Nishino K, Horiike A, Daga H, Sone T,
Yamamoto N, Nakagawa K and Nakanishi Y.

Am J Cancer Res 2024;14(5):2300-2312



(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

2312

Maintenance chemotherapy for ESCC

Randomized phase Il study of continuation
maintenance bevacizumab with or without
pemetrexed in advanced nonsquamous non-
small-cell lung cancer: COMPASS (WJO-
G5610L). J Clin Oncol 2020; 38: 793-803.
Cicenas S, Geater SL, Petrov P, Hotko Y, Hoop-
er G, Xia F, Mudie N and Wu YL. Maintenance
erlotinib versus erlotinib at disease progres-
sion in patients with advanced non-small-cell
lung cancer who have not progressed following
platinum-based chemotherapy (IUNO study).
Lung Cancer 2016; 102: 30-37.

Lu B, Bao LB, Sun Z, Hua ZL, Wang X and Qu
CP. Efficacy and safety of capecitabine as
maintenance therapy after capecitabine-ba-
sed combination chemotherapy for patients
with advanced esophagogastric junction ade-
nocarcinoma. Eur Rev Med Pharmacol Sci
2015; 19: 3605-3612.

Petrioli R, Francini E, Roviello F, Marrelli D, Mi-
ano ST, Fiaschi Al, Laera L, Bellini MA and Rovi-
ello G. Treatment of advanced oesophagogas-
tric cancer with FOLFOX-4 regimen followed
by leucovorin/bolus and continuous infusion
5-FU as maintenance chemotherapy in pa-
tients aged > 75 years with impaired perfor-
mance status. J Geriatr Oncol 2015; 6: 380-
386.

Chi D, Chen B, Guo S, Bai K, Ma H, Hu Y, Li Q
and Zhu Y. Oral maintenance therapy using
apatinib combined with S-1/capecitabine for
esophageal squamous cell carcinoma with re-
sidual disease after definitive chemoradiother-
apy. Aging (Albany NY) 2021; 13: 8408-8420.
Zhang AD, Su XH, Shi GF, Han C, Wang L, Liu H,
Zhang J and Zhang RH. Survival comparision
of three-dimensional radiotherapy alone vs.
chemoradiotherapy for esophageal squamous
cell carcinoma. Arch Med Res 2020; 51: 419-
428.

Kim DE, Kim UJ, Choi WY, Kim MY, Kim SH, Kim
MJ, Shim HJ, Hwang JE, Bae WK, Chung l1J,
Nam TK, Na KJ and Cho SH. Clinical prognostic
factors for locally advanced esophageal squa-
mous carcinoma treated after definitive che-
moradiotherapy. Cancer Res Treat 2013; 45:
276-284.

Chen M, Shen M, Lin Y, Liu P, Liu X, Li X, Li A,
Yang R, Ni W, Zhou X, Zhang L, Xu B, Lin J, Chen
J and Tian Y. Adjuvant chemotherapy does not
benefit patients with esophageal squamous
cell carcinoma treated with definitive chemora-
diotherapy. Radiat Oncol 2018; 13: 150.

Lin WC, Ding YF, Hsu HL, Chang JH, Yuan KS,
Wu ATH, Chow JM, Chang CL, Chen SU and Wu
SY. Value and application of trimodality thera-
py or definitive concurrent chemoradiotherapy
in thoracic esophageal squamous cell carci-
noma. Cancer 2017; 123: 3904-3915.

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

Chang CL, Tsai HC, Lin WC, Chang JH, Hsu HL,
Chow JM, Yuan KS, Wu ATH and Wu SY. Dose
escalation intensity-modulated radiotherapy-
based concurrent chemoradiotherapy is effec-
tive for advanced-stage thoracic esophageal
squamous cell carcinoma. Radiother Oncol
2017; 125: 73-79.

Zhang J, Lu CY, Chen HM and Wu SY. Neoadju-
vant chemotherapy or endocrine therapy for
invasive ductal carcinoma of the breast with
high hormone receptor positivity and human
epidermal growth factor receptor 2 negativity.
JAMA Netw Open 2021; 4: e211785.

Chen WM, Chen M, Hsu JG, Lee TS, Shia BC
and Wu SY. Use of preoperative FDG PET/CT
and survival of patients with resectable non-
small cell lung cancer. Radiology 2022; 305:
219-227.

Liu WC, Liu HE, Kao YW, Qin L, Lin KC, Fang CY,
Tsai LL, Shia BC and Wu SY. Definitive radio-
therapy or surgery for early oral squamous cell
carcinoma in old and very old patients: a pro-
pensity-score-matched, nationwide, popula-
tion-based cohort study. Radiother Oncol
2020; 151: 214-221.

Austin PC. Optimal caliper widths for propensi-
ty-score matching when estimating differences
in means and differences in proportions in
observational studies. Pharm Stat 2011; 10:
150-161.

Nguyen TL, Collins GS, Spence J, Daures JP,
Devereaux PJ, Landais P and Le Manach Y.
Double-adjustment in propensity score match-
ing analysis: choosing a threshold for consider-
ing residual imbalance. BMC Med Res Meth-
odol 2017; 17: 78.

Zhang Z, Kim HJ, Lonjon G and Zhu Y; written
on behalf of AME Big-Data Clinical Trial Collab-
orative Group. Balance diagnostics after pro-
pensity score matching. Ann Transl Med 2019;
7: 16.

Zhang J, Lu CY, Chen HM and Wu SY. Patho-
logic response rates for breast cancer stages
as a predictor of outcomes in patients receiv-
ing neoadjuvant chemotherapy followed by
breast-conserving surgery. Surg Oncol 2021;
36:91-98.

Zhang J, Sun M, Chang E, Lu CY, Chen HM and
Wu SY. Pathologic response as predictor of re-
currence, metastasis, and survival in breast
cancer patients receiving neoadjuvant chemo-
therapy and total mastectomy. Am J Cancer
Res 2020; 10: 3415-3427.

Am J Cancer Res 2024;14(5):2300-2312



