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Comparison of intensity-modulated radiotherapy
vs 3-dimensional conformal radiotherapy for
patients with non-metastatic esophageal
squamous cell carcinoma receiving definitive
concurrent chemoradiotherapy
A population-based propensity-score-matched analysis
Chia-Chin Li, MSa, Chih-Yi Chen, MDb, Chun-Ru Chien, PhDa,c,∗

Abstract
Whether the survival outcome of patients with non-metastatic esophageal squamous cell carcinoma (NM-ESCC) receiving definitive
concurrent chemoradiotherapy (CCRT) is better with intensity-modulated radiotherapy (IMRT) or with 3-dimensional conformal
radiotherapy (3DCRT) has been debated in the literature. We designed this population-based propensity-score (PS)-matched
analysis to address this question. We identified eligible patients diagnosed between 2008 and 2015 from the Taiwan Cancer Registry
and constructed a PS-matched cohort (1:1 for IMRT vs 3DCRT) to balance observable potential confounders. We compared the
hazard ratio (HR) of death between IMRT and 3DCRT during the entire follow-up period. We also evaluated freedom from local
regional recurrence (FFLRR) and esophageal cancer-specific survival (ECSS). Sensitivity analyses (SA) were performed to examine
the robustness of our findings. Our study population constituted 558 patients who were well balanced with regard to the measured
covariables. The HR of death with IMRT compared to 3DCRT was 0.43 (95% confidence interval 0.35–0.52, P< .001). The results
remained significant for FFLRR and ECSS. In SA, our results remained significant when additional covariables were taken into
consideration. The survival outcome of patients with NM-ESCC receiving CCRT might be better with IMRT vs 3DCRT. These study
results should be interpreted with caution given some possible covariates lacking in the registry. Further studies are needed to clarify
this issue.

Abbreviations: CCRT = concurrent chemoradiotherapy, 3DCRT = 3-dimensional conformal radiotherapy, ECSS = esophageal
cancer specific survival, FFLRR = freedom from local regional recurrence, HR = hazard ratio, 95% CI = 95% confidence interval,
IG = image guided, IMRT = Intensity-modulated radiotherapy, NM-ESCC = non-metastatic esophageal squamous cell carcinoma,
OS= overall survival, PS= propensity score, RT= radiotherapy, SA= sensitivity analyses, SqCC= squamous cell carcinoma, TCR=
Taiwan Cancer Registry.
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1. Introduction

Esophageal cancer is one the leading causes of cancer death
worldwide.[1] Squamous cell carcinoma (SqCC) is the most
prevalent type of this cancer, particularly in the West.[1,2] For
localized esophageal SqCC, concurrent chemoradiotherapy
(CCRT) is the standard of care, whereas radiotherapy (RT)
alone has no longer been considered appropriate following the
RTOG 85-01 trial.[3–5] Regarding RT for non-metastatic
esophageal squamous cell carcinoma (NM-ESCC), National
Comprehensive Cancer Network Guidelines for Esophageal and
Esophagogastric Junction Cancers (v.1.2017) state that “Intensi-
ty-modulated radiotherapy (IMRT) is appropriate in clinical
settings where reduction in dose to organs in risk . . . cannot be
achieved by 3D techniques.”[4]

The IMRT is an advanced radiotherapy technology. Cao et al
compared IMRT to two-dimensional RT in 37 patients with
cervical esophageal cancer receiving definitive RT and found
lower late toxicity with IMRT.[6] Retrospective comparative
studies had also suggested that the dosimetric advantage of IMRT
over 3-dimensional conformal radiotherapy (3DCRT) can
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translate into improved clinical outcomes. However, as
reported in a 2017 systematic review, clinical data for 3DCRT
vs IMRT regarding “hard” endpoints such as overall survival
(OS) are scarce, especially in the definitive setting.[8–11] Lin et al
reported better OS with IMRT compared to 3DCRT for patients
with esophageal cancer treated with neoadjuvant CCRT
followed by surgery.[9] A small (n=60) randomized trial was
published in Chinese in which the authors found no statistical
difference in OS between 3DCRT and IMRT, although it was not
specified in the English abstract whether or not the study was
limited to a definitive setting (ie, whether neoadjuvant therapy
was allowed).[10] In addition, in a retrospective analysis also
published in Chinese, the authors found no statistical difference
in OS between 3DCRT and IMRT.[11] Whether surgery was
allowed or not was not specified in the Chinese abstract. Given
the controversy regarding this issue, as illustrated in the research
cited above, the aim of the present study was to investigate the
survival outcome of patients with NM-ESCC receiving definitive
CCRT via either IMRT or 3DCRT in this population-based
propensity-score (PS)-matched analysis.
Figure 1. STROBE study flowchart and numbers of individuals at each stage
of study. 1 We only included those treated (classes 1–2) at any single institution
to ensure data consistency. 2 6th American Joint Committee on Cancer staging
clinical stages 2 to 4a (2008–2009) or 7th stages 2 to 3 (2010–2015). 3 Without
missing information in TCR and death registry.
2. Materials and methods

2.1. Study setting and data source

Our study setting was a case/control study using the Taiwan
Cancer Registry (TCR) and death registration. The TCR is a
high-quality comprehensive cancer registry for the entire
population of Taiwan[12] and provides sufficient information
regarding individual demographics, stage of disease, tumor
histology, and treatment details.

2.2. Study population and study design

Our study flowchart as suggested by the STROBE guidelines[13] is
depicted in Figure 1. The study population consisted of patients
with NM-ESCC who were diagnosed and received definitive
CCRT with external beam RT between 2008 and 2015. We
defined CCRT as concurrent systemic therapy during local
regional therapy according to data recorded in the TCR. We
adopted the date of diagnosis in the cancer registry as the index
date and determined the explanatory variable of interest (either
IMRT or 3DCRT).We also collected covariables (see Section 2.3)
for adjustment of potential non-randomized treatment selection,
which was in general at the discretion of the radiation oncologists
in charge. We then adopted a PS matching method to construct a
matched sample and performed survival analysis to evaluate the
effect of IMRT vs 3DCRT.

2.3. Other explanatory covariables

In this study, we included patient demographics (age, sex,
residency region), disease characteristics (clinical T-stage and N-
stage), period, institution, and RT delivery (image guided [IG] or
not) in our primary analysis. We also considered 3 “variables of
ambiguous status” (“perhaps slightly affected by the treatment,
but plausibly standing in as a surrogate for an important
covariable that was not measured”[14]) in the sensitivity analysis
(SA) (see Section 3.3). These 3 variables of ambiguous status were
the use of peri-CCRT (ie, induction or consolidative) systemic
therapy, RT break, and RT dose. The selection and definition
(including grouping of quantitative variables) of these factors
were based on our experiences in clinical care and modified from
our prior TCR-related studies.[15–20] The tumor/node/metastasis
2

classification was based on 6th edition (2008–2009 cases) or 7th
edition (2010–2015 cases). The definitions of our covariables
were as follows. Age was classified as ≥65 years old or not.
Patient residency region was classified as northern Taiwan or
elsewhere. T-stage was classified as T1-T2 or T3-T4. N-stage was
classified as positive (N1M0 or N0-1M1a [2008–2009]; N1-N3
[2010–2015]) or negative. Period was classified as 2008 to 2009
vs 2010 to 2011 vs 2012 to 2015. Peri-CCRT systemic therapy
was classified as yes or no. External beam RT delivery was
classified as IGRT or non-IGRT. The institution was classified as
a high-volume institute vs a low-volume institute with the cut-off
point roughly in the middle of the study sample. The RT break
interval was calculated by the exact RT duration (week) minus
the expected RT duration (by 5 fractions per week) and classified
as >1 week or �1 week.
2.4. Effectiveness assessment in primary analysis

The survival statuses of patients were obtained from the death
registry (follow-up until December 31, 2016). We used this
information to compare OS of patients between the IMRT and
3DCRT groups as our primary analysis.We also evaluated freedom
from local regional recurrence (FFLRR) and esophageal cancer-
specific survival (ECSS) according to the TCR and death registry.
2.5. Statistical analysis

Statistical analysis was performed using SAS 9.4 (SAS Institute,
Cary, NC) and STATA 12 (StataCorp LP, College Station, TX).
We used logistic regression models with the above covariables to
obtain the estimated PS values. We then constructed matched
groups (IMRT vs 3DCRT) based on the logit of PS via 1:1
matching (caliper width=0.0001) and exact matching on period
(2008–2009/2010–2012/2013–2015). We used standardized
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difference to assess the differences in covariates between the 2
groups as suggested in the recent review papers.[21,22] We
compared the hazard ratio (HR) of events between IMRT and
3DCRT groups using Cox proportional hazards models. The
confidence interval (CI) was estimated via a robust variance
estimator.[23] We calculated the E-value to evaluate the
robustness of our primary analysis regarding potential unmea-
sured confounder(s) as suggested in the literature.[24] We
performed additional SA to further examine the robustness of
our findings. In the first SA, we included the 3 variables of
ambiguous status as mentioned above in our analysis and
constructed another PS-matched population for analysis. Re-
garding tumor location, definitive CCRT rather than surgery was
usually preferred and a higher dose (60–70 Gy rather than
around 50 Gy) was often favored for cervical NM-ESCC in
contrast to NM-ESCC at other locations.[4,25] Therefore, the
benefit of IMRT might be different between cervical esophageal
cancer and other sites. Accordingly, in the second SA, we
constructed another study population to control for tumor
location (cervical or not) in addition to those used in our primary
analysis. This study was approved by Research Ethics Commit-
tee, National Health Research Institutes (EC1041006-E).

3. Results

3.1. Identification of study population used in primary
analysis

As shown in Figure 1, 3228 patients with cancer who received
CCRT with external beam RT, with groups receiving either
Table 1

Characteristics of unmatched and matched study population in prim

Unmatched population (n=3211)

IMRT 3DCRT
n (%)

∗
n (%)

∗
Standardized differe

Age
<65 2179 (75) 209 (70) 0.10
≥65 735 (25) 88 (30)
Sex
Female 159 (5) 14 (5) 0.03
Male 2755 (95) 283 (95)
Residency
Non-north 1817 (62) 161 (54) 0.17
North 1097 (38) 136 (46)
T-stage
T1–T2 518 (18) 59 (20) 0.05
T3–T4 2396 (82) 238 (80)
N-stage
Positive 2510 (86) 238 (80) 0.16
Negative 404 (14) 59 (20)
RT delivery
Non-IGRT 2212 (76) 285 (96) 0.60
IGRT 702 (24) 12 (4)
Institution
High volume 1473 (51) 152 (51) 0.01
Low volume 1441 (49) 145 (49)
Period
2008–2009† 253 (9) 138 (47) NA
2010–2012‡ 1019 (35) 126 (42)
2012–2015‡ 1642 (56) 33 (11)

3DCRT = 3-dimensional conformal radiotherapy, IGRT = image-guided RT, IMRT = intensity-modulate
∗
Rounded.

† Staged by American Joint Committee on Cancer (AJCC) 6th edition.
‡ Staged by AJCC 7th edition.
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IMRT or 3DCRT, were identified as the initial study population.
After exclusion of missing data during follow-up, and using the
PS matching method, the final study population used in the
primary analysis included 558 patients. The patient character-
istics are described in Table 1. Some imbalance in covariables
was observed before matching, but good balance in covariables
and small standardized differences (<0.25) were seen for all
covariables after matching.[21]
3.2. Primary analysis

After a median follow-up period of 17 months (range 1–107),
death was observed for 153 patients in the IMRT group and 239
in the 3DCRT group. The HR of death when IMRT was
compared to 3DCRT was 0.43 (95% CI 0.35–0.52, P< .001].
The observed HR of 0.43 for OS could be explained away by an
unmeasured confounder that was associated with both selection
of IMRT/3DCRT and survival/death by a risk ratio of 2.97-fold
each (ie, E-value was 2.97), but weaker confounding could not
explain away this finding. The 5-year OS rate was 44% for IMRT
vs 15% for 3DCRT. The Kaplan–Meier survival curve for OS is
shown in Figure 2. IMRT was also associated with better FFLRR
(HR 0.53, 95% CI 0.43–0.65, P< .001) and ECSS (HR 0.37,
95% CI 0.29–0.46, P< .001).

3.3. Sensitivity analysis

In the first SA, good balance in covariables and small
standardized differences (<0.25) were still achieved for all
ary analysis.

Matched study population (n=558)

IMRT 3DCRT
nce

∗
n (%)

∗
n (%)

∗
Standardized difference

∗

199 (71) 201 (72) 0.02
80 (29) 78 (28)

9 (3) 8 (3) 0.02
270 (97) 271 (97)

159 (57) 158 (57) 0.01
120 (43) 121 (43)

49 (18) 50 (18) 0.01
230 (82) 229 (82)

229 (82) 228 (82) 0.01
50 (18) 51 (18)

270 (97) 268 (96) 0.04
9 (3) 11 (4)

149 (53) 147 (53) 0.01
130 (47) 132 (47)

124 (44) 124 (44) 0.00
122 (44) 122 (44)
33 (12) 33 (12)

d radiotherapy, RT = radiotherapy, NA = not applicable.
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Figure 2. Kaplan–Meier survival curve (in years) in primary analysis.

Table 2

Characteristics of the matched study population in the 1st
sensitivity analyses.

IMRT 3DCRT

Standardized difference

∗

n or mean
(SD) (%)

∗
n or mean
(SD) (%)

∗

Age
<65 121 (73) 128 (77) 0.10
≥65 45 (27) 38 (23)
Gender
Female 6 (4) 4 (2) 0.07
Male 160 (96) 162 (98)
Residency
Non-north 113 (68) 106 (64) 0.09
North 53 (32) 60 (36)
T-stage
T1–T2 25 (15) 18 (11) 0.13
T3–T4 141 (85) 148 (89)
N-stage
Positive 143 (86) 146 (88) 0.05
Negative 23 (14) 20 (12)
RT delivery
Non-IGRT 155 (93) 156 (94) 0.03
IGRT 11 (7) 10 (6)
Institution
High volume 83 (50) 91 (55) 0.10
Low volume 83 (50) 75 (45)
Period
2008–2009 54 (32) 54 (32) 0.00
2010–2012 81 (49) 81 (49)
2012–2015 31 (19) 31 (19)
Peri-CCRT systemic therapy
With 63 (38) 57 (34) 0.08
Without 103 (62) 109 (66)
RT break
�1 wk 126 (76) 130 (78) 0.06
>1 wk 40 (24) 36 (22)
RT dose (Gy) 55.02 (8.39) 53.21 (7.37) 0.23

CCRT = concurrent chemoradiotherapy, 3DCRT = 3-dimensional conformal RT, RT = radiotherapy,
IGRT = image-guided RT, IMRT = intensity-modulated RT, SD = standard deviation.
∗
Rounded.
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covariables after matching (n=332) (Table 2). The HR of death
when IMRT was compared to 3DCRT was 0.76 (95% CI 0.59–
0.96, P= .02). The Kaplan–Meier survival curve for OS is shown
in Figure 3. In the second SA, when tumor location was also
considered, good balance in covariables and small standardized
differences (<0.25) were still achieved for all covariables after
matching (n=460) (Table 3). The HR of death when IMRT was
compared to 3DCRT was 0.42 (95% CI 0.34–0.53, P< .001).
The Kaplan–Meier survival curve for OS is shown in Figure 4.

4. Discussion

In this population-based PS-matched analysis, we found that the
survival outcome of patients with NM-ESCC receiving CCRT
was better with IMRT than with 3DCRT. This is the first
populated-based evidence regarding survival outcome, to our
knowledge.
In addition to the studies included in the recent systemic

review,[8] we had also noted 4 single institute studies reporting on
the effect of IMRT vs 3D for patients with esophageal cancer
receiving definitive CCRT published in 2016 to 2017.[26–29] He
et al reported a greater survival probability when IMRT was
compared to 3DCRT.[26] Similarly, McDowell et al reported a
trend (P= .06) in favor of IMRT when compared to 3DCRT.[27]

Haefner et al reported lower local recurrence and an insignificant
survival difference (3DCRT vs IMRT: median 18 vs 42 months,
P= .2).[28] Finally, Ito et al reported a 3-yearOS of 82%(IMRT) vs
57% (3DCRT) among 80 patients with cervical esophageal
cancer.[29] Our results were consistent with the findings of these
single institution studies in that IMRT was associated with
numerically better survival.[26–29] The superiority of IMRT had
also been reported in the neoadjuvant setting[9] and in another
population-based study in which surgery and chemotherapy were
considered as covariables.[30] The survival in our IMRTgroupwas
also approaching the results observed in a single arm study.[31]
4



Figure 3. Kaplan–Meier survival curve (in years) in 1st SA.

Table 3

Characteristics of matched study population in the 2nd sensitivity
analyses.

IMRT 3DCRT Standardized difference
∗

n (%)
∗

n (%)
∗

Age
<65 166 (72) 168 (73) 0.02
≥65 64 (28) 62 (27)
Gender
Female 6 (3) 5 (2) 0.03
Male 224 (97) 225 (98)
Residency
Non-north 131 (57) 132 (57) 0.01
North 99 (43) 98 (43)
T-stage
T1–T2 41 (18) 42 (18) 0.01
T3–T4 189 (82) 188 (82)
N-stage
Positive 188 (82) 187 (81) 0.01
Negative 42 (18) 43 (19)
RT delivery
Non-IGRT 224 (97) 220 (96) 0.10
IGRT 6 (3) 10 (4)
Institution
High volume 121 (53) 117 (51) 0.04
Low volume 109 (47) 113 (49)
Period
2008–2009 96 (42) 96 (42) 0.00
2010–2012 104 (45) 104 (45)
2012–2015 30 (13) 30 (13)
Tumor location
Cervical 3 (1) 3 (1) 0
Non-cervical 227 (99) 227 (99)

3DCRT = 3-dimensional conformal RT, RT = radiotherapy, IGRT = image-guided RT, IMRT =
intensity-modulated RT.
∗
Rounded.
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Given the potential benefit of IMRT as seen in other disease
sites,[32] our results seem reasonable. However, there were several
limitations of our study. Firstly, as discussed above, our findings
could result from unmeasured confounding factors, although we
used PS matching to balance observed confounders. However,
there remain possible unmeasured confounder(s) (such as perfor-
mance status, body weight loss, or comorbidity status, which were
data not available to us) to bias our results. Therefore, we reported
the E-value to examine this “no unmeasured confounder
assumption” as suggested in the literature.[24] Secondly, the lack
of treatment details such as chemotherapy drugs, prophylactic
nodal irradiation, or involved-field radiotherapy, owing to data
inavailability, could make it difficult to compare our results with
the findings of other reports. However, the impact of this
unmeasured covariate (prophylactic nodal irradiation or in-
volved-field radiotherapy) might be less significant because similar
outcomes had been reported in a previous randomized trial.[33]

Thirdly, we did not analyze dosimetry details or other outcomes
such as toxicity or quality of life owing to data limitations.
In our mind, the interpretation of our findings (improved

FFLRR, ECSS, and OS by IMRT) should be cautious given the
non-randomized nature of our study and the possible unmea-
sured confounder(s). On the one hand, IMRT has potential
dosimetric benefit that might translate into clinical benefit, as
stated in the previous review papers.[7,8] On the other hand, as
seen in our SA-1, the inclusion of variables of ambiguous status
(“perhaps slightly affected by the treatment, but plausibly
standing in as a surrogate for an important covariable that
was not measured”[14]) reduced the HR (ie, OS benefit) to 0.76
(95% CI 0.59–0.96) from 0.43 (95% CI 0.35–0.52) in the
primary analysis. The survival curve also appeared much closer
for IMRT vs 3DCRT (Fig. 3).
5
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Figure 4. Kaplan–Meier survival curve (in years) in 2nd SA.

Li et al. Medicine (2018) 97:22 Medicine
Therefore, the implication of our study is not that we
confirmed the superiority of IMRT vs 3DCRT, owing to the
above-mentioned study limitations and controversy seen with the
use of IMRT in other disease sites, such as in lung cancer.[16]

Rather, our study demonstrated the potential superiority of
IMRT as further studies are awaited (hopefully phase 3 in the
future) to clarify this issue. However, when we searched www.
clinicaltrials.gov using “esophageal cancer j Interventional
Studies j intensity modulated radiotherapy j Phase 3” on January
23, 2018, we did not find trials designed to compare IMRT vs
3DCRT. In addition, the implications for cervical NM-ESCC
should be cautious given the small number of cases (1% in SA-2).
In conclusion, we provided the first population-based evidence

that the survival outcome of patients with NM-ESCC receiving
definitive CCRT might be better with IMRT than with 3DCRT.
These results should be interpreted with caution given some
possible covariates lacking in the data registry. Further studies are
needed to clarify this issue.
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