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Abstract

Background: The role of radiotherapy for cT4bNanyMO0 esophageal squamous cell carcinoma (ESqCC) is relatively
unclear, with both chemotherapy (C/T) alone and definitive concurrent chemoradiotherapy (dCCRT) being treat-
ment options in the current guidelines. We aimed to compare the survival of dCCRT versus C/T for these patients via a
population-based approach.

Methods: Eligible cT4b ESqCC patients diagnosed between 2011 and 2017 were identified via the Taiwan Cancer
Registry. We used propensity score (PS) weighting to balance the observable potential confounders between groups.
The hazard ratio (HR) of death and incidence of esophageal cancer mortality (IECM) were compared between dCCRT
and C/T. We also evaluated OS in subgroups of either low or standard radiotherapy doses.

Results: Our primary analysis consisted of 247 patients in whom covariates were well balanced after PS weighing.
The HR for death when dCCRT was compared with C/T was 0.36 (95% confidence interval 0.24-0.53, P< 0.001). Similar
results were found for IECM. Statistical significance was only observed in the standard RT dose but not in the low dose
in subgroup analyses.

Conclusions: In this population-based nonrandomized study of cT4bNanyMO ESqCC patients from Asia (Taiwan), we
found that the use of radiotherapy with chemotherapy was associated with better overall survival than chemotherapy
alone. Further studies (especially RCTs) are needed to confirm our findings.
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Background

Esophageal cancer is one of the leading cancer deaths
worldwide, including in Taiwan [1]. The predominant
histology was adenocarcinoma in Western countries and
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squamous cell carcinoma in Asians [1, 2].

For locally advanced esophageal squamous cell carci-
noma (LA-ESqCC), radiotherapy is an important treat-
ment modality [3-5]. However, the role of radiotherapy
for cT4bNanyMOo is relatively unclear. Both chemother-
apy (C/T) alone and definitive concurrent chemoradio-
therapy (dCCRT) are treatment options for cT4b ESqCC
in the current North American guidelines [3]. This is pos-
sibly related to concerns over radiotherapy-related com-
plications for cT4b disease [6].
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Due to the above concerns over the use of radiother-
apy for cT4b LA-ESqCC and few relevant studies [7], our
study aimed to compare the survival of chemotherapy
alone versus definitive concurrent chemoradiotherapy
for cT4bNanyMO esophageal squamous cell carcinoma
patients via a population-based approach.

Methods

Data

We used the Taiwan Cancer Registry (TCR) as the data
source in this study. The quality of TCR was reported
to be one of the highest-quality cancer registries in the
world [8, 9].

Study population

We identified esophageal cancers diagnosed between
2011 and 2017 from TCR. The inclusion criteria of our
study were (a) ESqCC patients with clinical stage cT4b-
NanyMO by the 7th American Joint Committee on Can-
cer (AJCC); (b) age 20-75 years old; and (c) patients
treated with either C/T without radiotherapy or surgery
(C/T group) or CCRT without surgery (dCCRT group)
according to records in TCR. In the dCCRT group, we
only included those who received a conventional frac-
tionated external beam radiotherapy dose <70 Gy [5,
10, 11]. The exclusion criteria were (a) those with mul-
tiple treatment records in TCR and (b) those with prior
cancer(s). These inclusion/exclusion criteria were modi-
fied from a relevant ongoing trial [12].

Covariates

We included the following covariates as modified from
recent relevant studies and our clinical and research
experiences [7, 12—14]. Patient demographics (age, sex,
residency), patient characteristics [body mass index
(BMI), drinking, smoking], disease characteristics
(N-stage, tumor location), and the use of positron emis-
sion tomography (PET) were defined as follows. Patient
residency region was classified as ‘northern Taiwan’ or
‘non-north! Smoking, drinking and the use of PET were
classified as yes or no. The clinical N-stage was classified
as ‘0" or ‘1-3” Tumor location was classified as ‘cervical’
or ‘noncervical’

Statistical and subgroup analyses

The primary outcome of interest was overall survival
(OS). We also evaluated the impact of intervention (C/T
vs dCCRT) on the incidence of esophageal cancer mor-
tality (IECM). We adopted the propensity score (PS)
approach and used PS weighting (PSW) as the frame-
work for analyses, as advocated in the literature [15-17].
We estimated the probability of receiving dCCRT (vs.
C/T) with a logistic regression model based on all the
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above covariates (i.e., age, sex, residency, BMI, drinking,
smoking, N-stage, tumor location, and the use of PET)
and then assessed the balance of covariates between
groups after PSW using overlap weight [18, 19] via the
standardized difference (SDif) [15, 20, 21]. We com-
pared the hazard ratio (HR) of death between the dCCRT
group and C/T group groups during the entire follow-up
period via the Cox proportional hazards model in the
weighted sample for point estimation and used the boot-
strap method to estimate the 95% confidence interval
(95% CI) [18, 22, 23]. We used the E-value to assess the
robustness of our finding regarding potential unmeas-
ured confounder(s), as suggested in the literature [24—
26], 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 [27]. We performed two separate PSW subgroup
analyses (SA) according to the radiotherapy dose (<50 Gy
vs 50-70 Gy) because 50 Gy was the recommended
minimal radiotherapy dose for dCCRT in the treatment
guidelines [3-5].

Results

Study population

We identified 247 patients (56 for the C/T group and 191
for the dCCRT group) as our primary study population,
as depicted in Fig. 1 [STROBE]. We achieved covari-
ate balance after PSW, although some imbalance was
seen before PSW, as shown in Table 1. After a median
follow-up of 7 months (range 0.4-107), death occurred
in 56 patients in the C/T group and 173 patients in the
dCCRT group. The median follow-up for survivors was
61 months (range 29-107).

Primary analysis

The overlap weight-adjusted OS curves are shown in
Fig. 2. The 1/2/5-year OS rates for both groups were
4/2/0% (C/T group) and 28/14/10% (dCCRT group),
respectively. The median OS (month) was 4 for the C/T
group and 8 for the dCCRT group. When the dCCRT
group was compared to the C/T group, the HR of death
was 0.36 [95% confidence interval (95% CI) 0.24—0.53,
P<0.001]. The observed HR of 0.36 for OS could be
explained by an unmeasured confounder that was associ-
ated with both selections of treatment (C/T vs dCCRT)
and outcome (live vs death) by a risk ratio of 3.44
(E-value) fold each, but weaker confounding could not do
o [26]. The HR for IECM was 0.49 (95% CI 0.29-0.83,
P=0.007).

Subgroup analyses
In both SA-1 and SA-2, we achieved covariate bal-
ance after PSW, although some imbalance was seen
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Step 1. Potentially eligible: records of esophageal cancer from the Taiwan cancer
registry (TCR) (diagnosed from 2008 — 2017). [n=33163]

v

Step 2. Examined for eligibility: Records without missing data regarding inclusion
criteria [see step 3]. [n=18870]

v

Step 3. Confirmed eligible: Patients' with locally advanced? esophageal squamous

cell carcinoma who received chemotherapy without radiotherapy or
surgery [C/T group] or definitive concurrent chemoradiotherapy® without
surgery [dCCRT group] between 2011 and 2017. [n=359]

A

(BMI) ] [n=247]

Step 4. Included in the initial study population: Patients in step 3 without missing
data regarding co-variables used in primary analysis [age, sex, residency,

drinking, smoking, PET use, tumor location, N-stage, body mass index

A

[n=247]

Step 5. Completing follow-up* and the final study population in the primary analysis.

Fig. 1 STROBE study flowchart and the number of individuals at each stage of the study. 'We only included those treated (classes 1-2) with only
one record to ensure data consistency. “The Seventh American Joint Committee on Cancer staging clinical stage cT4bNanyMO. *Conventional
fractionated external beam radiotherapy dose < 70 Gy at 1.8-2 Gy/fraction. “Without missing information in the TCR and death registry

before PSW, as shown in Tables 2 and 3. Comparisons
between the dCCRT group and the C/T group revealed
significantly better OS for dCCRT patients with a stand-
ard dose (>50 Gy) but not for those with a low dose
(<50 Gy); the HR of death is summarized in Table 4. For
those who received a standard dose (> 50 Gy), the rate of
death within 3 months of completing RT was 3.7%.

Discussion
In this population-based nonrandomized study of cT4b-
NanyMO esophageal squamous cell carcinoma patients
from Asia (Taiwan), we found that the use of radiother-
apy with chemotherapy was associated with better over-
all survival than chemotherapy alone. To our knowledge,
this is the 1st study on this topic.

A similar trend regarding the role of radiotherapy in
these patients was reported in a North American cancer

registry-based study in 2019 [7]. The reported median OS
for C/T and chemoradiotherapy was 6 and 12.7 months,
respectively. However, this study included both SqCC
and adenocarcinoma patients, and relevant results spe-
cific to SqCC were not reported. We further searched in
Dec 2020 using the keywords “((esophageal squamous
cell carcinoma) AND (cT4b))” in PubMed but found no
additional relevant studies.

The interpretation of our study seems straightforward
due to the potential role of radiotherapy in definitive
treatment for LA-ESqCC, as observed in previous ran-
domized controlled trials (RCTs) [28, 29]. However, our
study somehow relieved the concern for OS (although
the concern for toxicity remained) after radiotherapy
for this specific population [cT4b], as reflected in the
current North American guidelines [3]. However, our
study should also be interpreted with caution given its



Li et al. BMC Gastroenterol (2021) 21:153 Page 4 of 8
Table 1 Patient characteristics of the study population in the primary analysis

C/T Group (n=56) dCCRT Group (n=191) Standardized difference

(rounded)?

Number or mean (SD)? (%)? Number or mean (SD)? (%)? Before PSW After PSW
Age (year) 56.11(9.54) 55.87(8.16) 0.026 ~0
Sex
Female 1 (2) 10 (5) 0.188 ~0
Male 55 (98) 181 (95)
Residency
Non-north 39 (70) 123 (64) 0.112 ~0
North 17 (30) 68 (36)
Drinking
No 14 (25) 20 (10) 0.387 ~0
Yes 42 (75) 171 (90)
Smoking
No 6 (11) 17 9) 0.061 ~0
Yes 50 (89) 174 (91)
PET
No 41 (73) 67 (35) 0.828 ~0
Yes 15 27) 124 (65)
Tumor location
Non-cervical 51 (91 163 (85) 0.178 ~0
Cervical 5 9) 28 (15)
N-stage
0 4 (7) 17 9) 0.065 ~0
1-3 52 (93) 174 1)
BMI 19.30 (3.16) 20.75 (3.69) 0424 ~0

BMI body mass index, C/T chemotherapy, dCCRT definitive concurrent chemoradiotherapy, PET positron emission tomography, PSW propensity-score weighting, SD

standard deviation

@ Rounded
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Fig. 2 The overlap weight-adjusted overall survival curve (in years) in
the primary analysis. /T chemotherapy, dCCRT definitive concurrent

nonrandomized nature, and RCTs are needed for confir-
mation. However, no RCTs were included in a recent rel-
evant systematic review [30]. When we further searched
the trial registry (https://clinicaltrials.gov/) in Dec 2020,
we did not find relevant RCTs. Therefore, we believe our
study provides useful evidence regarding radiotherapy
for cT4bNanyMO0 ESqCC while more studies on this topic
are awaited.

There were also limitations in our study. First, as
with all nonrandomized studies, potential unmeasured
confounder(s) such as patient performance status, bio-
markers [31] or radiotherapy tolerability were not avail-
able due to data limitations, although we used the PS
approach to balance observed covariates and reported
the E-value to assess the potential impact of potential
unmeasured confounder(s). Second, cT4b patients were
not a homogenous population. Some subgroups, such
as those with vertebral body invasion, may not be the
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Table 2 Patient characteristics in SA-1: dCCRT with a low dose (< 50 Gy)

C/T(n=56) dCCRT with low dose [< 50 Gy] (n=29) Standardized difference
(rounded)?

Number or mean (SD)? (%)? Number or mean (SD)? (%)® Before PSW After PSW
Age (year) 56.11(9.54) 54.86 (6.90) 0.150 ~0
Sex
Female 1 (2) 3 (10) 0.364 ~0
Male 55 (98) 26 (90)
Residency
Non-north 39 (70) 19 (66) 0.088 ~0
North 17 (30) 10 (34)
Drinking
No 14 (25) 2 7) 0510 ~0
Yes 42 (75) 27 (93)
Smoking
No 6 (11) 1 (3) 0.286 ~0
Yes 50 (89) 28 97)
PET
No 41 (73) 8 (28) 1.026 ~0
Yes 15 (27) 21 (72)
Tumor location
Non-cervical 51 (91 26 (90) 0.048 ~0
cervical 5 9) 3 (10)
N-stage
0 4 7) 1 (3) 0.166 ~0
1-3 52 (93) 28 97)
BMI 19.30(3.16) 20.83 (3.91) 0430 ~0

BMI body mass index, C/T chemotherapy, dCCRT definitive concurrent chemoradiotherapy, PET positron emission tomography, PSW propensity-score weighting, SA

subgroup analyses, SD standard deviation
@ Rounded

ideal study population [3], but this could not be clarified
in our study due to the retrospective nature and data
limitations. Third, the use of salvage therapy may have
impacted our primary endpoint (OS) but could not be
evaluated due to data limitations in the TCR. Fourth,
some researchers used neoadjuvant C/T 1st, followed
by planned local treatment (usually surgery for those
responsive and resectable, or CCRT for the others) [12,
32]. This strategy was not recommended by the North
American treatment guidelines for cT4b ESqCC [3] and
may not lead to significantly better outcomes (see the
Additional file 1 and the Additional file 2), although the
results from ongoing RCTs are eagerly awaited [12].
However, due to data limitations, our study was unable

to exactly exclude those who were planned for this neo-
adjuvant C/T strategy but did not take local treatment
(probably due to poor response on neoadjuvant C/T),
so our results in the C/T group may be biased and
underestimated. Fifth, other endpoints [such as qual-
ity of life or toxicity (especially fistula) in addition to
OS used in our study] might also be relevant, but these
were not included in our study due to data limitations.
Finally, this study was based on patients treated in Tai-
wan within the period from 2011 to 2017, so the impli-
cations for other population(s) with different covariate
distributions are not clear. Furthermore, the impact of
new systemic therapies, such as immunotherapy, could
not be evaluated [33].
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Table 3 Patient characteristics in SA-2: dCCRT with a standard dose (50-70 Gy)

C/T(n=56) dCCRT with standard dose [50-70 Gy] Standardized difference

(n=162) (rounded)?

Number or mean (SD)? (%)? Number or mean (SD)? (%)? Before PSW After PSW
Age (year) 56.11(9.54) 56.06 (8.37) 0.006 ~0
Sex
Female 1 (2) 7 4) 0.148 ~0
Male 55 (98) 155 (96)
Residency
Non-north 39 (70) 104 (64) 0.116 ~0
North 17 (30) 58 (36)
Drinking
No 14 (25) 18 (1) 0.367 ~0
Yes 42 (75) 144 (89)
Smoking
No 6 (11) 16 (10) 0.028 ~0
Yes 50 (89) 146 (90)
PET
No 41 (73) 59 (36) 0.796 ~0
Yes 15 (27) 103 (64)
Tumor location
Non-cervical 51 (91 137 (85) 0.200 ~0
cervical 5 9) 25 (15)
N-stage
0 4 (7) 16 (10) 0.098 ~0
1-3 52 (93) 146 (90)
BMI 19.30 (3.16) 20.74 (3.66) 0422 ~0

BMI body mass index, C/T chemotherapy, dCCRT definitive concurrent chemoradiotherapy, PET positron emission tomography, PSW propensity-score weighting, SA
subgroup analyses, SD standard deviation

@ Rounded

Table 4 The HR of death for dCCRT versus C/T

dCCRT versus C/T Primary analyses: dCCRT (dose < 70 Gy) SA-1: dCCRT with low dose (<50 Gy) SA-2: dCCRT with
standard dose
(50-70 Gy)

HR 0.36 1.1 031

95% Cl 0.24-0.53 0.56-2.15 0.21-0.48

P value <0.001 0.79 <0.001

Cl confidence interval, C/T chemotherapy, dCCRT definitive concurrent chemoradiotherapy, HR hazard ratio

Conclusions

In this population-based nonrandomized study of cT4b-
NanyMO esophageal squamous cell carcinoma patients
from Asia (Taiwan), we found that the use of radiotherapy

with chemotherapy was associated with better overall
survival than chemotherapy alone. Further studies (espe-
cially RCTs) are needed to confirm our findings.

Abbreviations
AJCC: American Joint Committee on Cancer; BMI: Body mass index; C/T:
Chemotherapy; dCCRT: Definitive concurrent chemoradiotherapy; HR: Hazard
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ratio; IECM: Incidence of esophageal cancer mortality; LA-ESqCC: Locally
advanced esophageal squamous cell carcinoma; OS: Overall survival; PET:
Positron emission tomography; PS: Propensity score; PSW: Propensity score
weighting; SA: Subgroup analyses; SDif: Standardized difference; TCR: Taiwan
Cancer Registry; 95% Cl: 95% Confidence interval.
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