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Abstract
Background: Image-guided radiotherapy (IGRT) is an advanced radiotherapy
technique to improve the precision and accuracy of treatment delivery. A recent
randomized controlled trial (RCT) for prostate cancer patients treated with
radiotherapy via either IGRT or routine care reported statistically significantly
worse overall survival (OS) for those patients treated with IGRT. This raised the
concern regarding the effectiveness of IGRT in definitive concurrent
chemoradiotherapy (dCCRT) for locally advanced lung cancer (LALC).
Methods: Eligible LALC patients diagnosed between 2011 and 2016 were identi-
fied via the Taiwan Cancer Registry. We used propensity score (PS) weighting to
balance observable potential confounders between groups. The hazard ratio
(HR) of death and other outcomes were compared between IGRT and non-
IGRT. We also evaluated OS in various subgroups.
Results: Our primary analysis consisted of 797 patients in whom covariates were
well balanced after PS weighing. The HR for death when IGRT was compared with
non-IGRT was 0.96 (95% confidence interval 0.79–1.15, P = 0.65). There were also
no significant differences for most of the other outcomes or subgroup analyses.
Conclusions: In this updated nonrandomized study, we found that OS of LALC
patients treated with dCCRT was not statistically different between those treated
with IGRT versus non-IGRT. The results should be interpreted with caution
given the nonrandomized design. Studies regarding toxicity, local control, or
designed as RCT are needed to clarify the role of IGRT.

Key points

Significant findings of the study:
• The OS of LALC patients treated with dCCRT was not statistically different

between those treated with IGRT versus those without IGRT, although the
observed HR for death was less than unity (ie, in favor of IGRT).

What this study adds:
• In this updated nonrandomized study using real world data with additional

potential confounders, our study provided a reasonable tentative evidence in
the lack of RCT as suggested in the literature.
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Introduction

Lung cancer is the major cause of cancer mortality around
the world.1 Definitive concurrent chemoradiotherapy
(dCCRT) is the standard of care for unresectable locally
advanced small cell lung cancer (SCLC) or non-small cell
lung cancer (NSCLC) with good performance status2, 3

although consolidative immunotherapy had been rec-
ommended for NSCLC since September 2017.4

Image-guided radiotherapy (IGRT) is an advanced auxil-
iary technique used to improve the accuracy of radiother-
apy delivery.5, 6 IGRT uses images (mainly x-ray) to verify

and adjust the position of the radiotherapy target. Concep-
tually, this improvement in radiotherapy delivery accuracy
improves the clinical outcome, as advocated in the litera-
ture or textbooks,5, 6 and as also reported in our previous
nonrandomized study utilizing data from the Taiwan Can-
cer Registry (TCR) for lung cancer patients diagnosed dur-
ing 2007–2010.7

However, a recent randomized study in 2018 for pros-
tate cancer patients treated with conventional fractionated
radiotherapy via either IGRT or routine care (no daily
IGRT) reported a statistically significant worse overall

Figure 1 STROBE study flowchart and the number of individuals at each stage of the study. 1, We only included those treated (class 1–2) by any
single institution to ensure data consistency. 2, The seventh American Joint Committee on Cancer staging clinical stage 3A and 3B. 3, 50–70 Gy in
1.8–2 Gy/fraction, within � 10% in dose and treatment duration. 4, Without missing information in the TCR and death registry regarding survival
status, and cause of death.
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survival for those treated with IGRT, although side effects
and disease control were improved.8 Theoretically, the
extra-radiotherapy dose due to xray-IGRT may have con-
tributed to the increased risk of other cancer (10% vs. 5%)
or cardiovascular mortality (6/236 vs. 1/234) observed in
this study and led to the impaired overall survival.8 This
raises a concern regarding the effectiveness of IGRT for
other scenarios such as dCCRT for lung cancer.
Since 2011, additional prognostic factors such as body

mass index (BMI), use of alcohol or betel nuts or smoking,
and performance status (PS) have been prospectively col-
lected in the TCR. Because these potential confounders

were not adjusted in our previous study due to data limita-
tion at that time, here we aimed to investigate the effective-
ness of IGRT for locally advanced lung cancer (LALC)
patients treated with dCCRT in this updated analysis with
consideration of the above potential confounders.

Methods

Data source

The database with personal identifiers removed in our ret-
rospective cohort study comes from the Health and

Table 1 Patient characteristics of the study population in the primary analysis

IGRT (n = 192) non-IGRT (n = 605)
Standardized difference

(rounded)*

Number or
mean (sd)‡ (%)‡

Number or
mean (sd)‡ (%)‡

Before
PSW

After
PSW

Age <65 95 (49) 319 (53) 0.07 ≈0
≥65 97 (51) 286 (47)

Gender Female 45 (23) 116 (19) 0.10 ≈0
Male 147 (77) 489 (81)

Residency Non-north 128 (67) 290 (48) 0.39 ≈0
North 64 (33) 315 (52)

Social economic status No more than
minimum wage

50 (26) 163 (27) 0.02 ≈0

Higher 142 (74) 442 (73)
Comorbidity Without 104 (54) 345 (57) 0.06 ≈0

With† 88 (46) 260 (43)
Clinical stage 3A 56 (29) 193 (32) 0.06 ≈0

3B 136 (71) 412 (68)
Histology NSCLC 155 (81) 510 (84) 0.09

SCLC 37 (19) 95 (16)
Tumor location Lower 48 (25) 179 (30) 0.10

Upper/middle 144 (75) 426 (70)
RT delivery 3DCRT 3 (2) 62 (10) 0.38 ≈0

IMRT 189 (98) 543 (90)
Peri-CCRT Systemic
therapy

Without 110 (57) 323 (53) 0.08
With 82 (43) 282 (47)

RT break ≤1 week 139 (72) 473 (78) 0.13 ≈0
>1 week 53 (28) 132 (22)

RT dose 61.98 (6.12) 61.61 (5.99) 0.06 ≈0
BMI 23.60 (3.84) 24.16 (3.82) 0.15 ≈0
Drinking No 126 (66) 367 (61) 0.10 ≈0

Yes 66 (34) 238 (39)
Betel nut chewing No 159 (83) 479 (79) 0.09 ≈0

Yes 33 (17) 126 (21)
Smoking No 57 (30) 144 (24) 0.13 ≈0

Yes 135 (70) 461 (76)
Performance Status 0–1 179 (93) 574 (95) 0.07 ≈0

2 13 (7) 31 (5)
Use of PET No 106 (55) 323 (53) 0.04 ≈0

Yes 86 (45) 282 (47)
Tumor size (mm) 56.36 (24.42) 56.64 (24.05) 0.07 ≈0

3DCRT, 3D conformal radiotherapy; BMI, body mass index; CCRT, concurrent chemoradiotherapy; IGRT, image-guided radiotherapy; IMRT, intensity-
modulated radiotherapy; NSCLC, non-small cell lung cancer; PET, positron emission tomography; PSW, propensity-score weighting; RT, radiotherapy;
SCLC, small cell lung cancer; sd, standard deviation. †Modified Carlson comorbidity score ≥ 1. ‡Rounded.
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Welfare Data Science Center (HWDC), including the Tai-
wan Cancer Registry (TCR), death registration and reim-
bursement data for the whole Taiwan population provided
by the Bureau of National Health Insurance (NHI). The
TCR is a high-quality database9 that provides complete
information such as patient, disease, treatment characteris-
tics, and prognostic factor details. This study was approved
by the Research Ethics Committee, National Health
Research Institutes (CRREC-108-080).

Study population and study design

The study flow chart (Fig 1) was designed to conform to
the STROBE statement,10 and depicted our main study
population. We included nonoperated LALC adult
(age ≥ 18) patients diagnosed between 2011 and 2016 who
received curative concurrent systemic therapy and external
beam radiotherapy 50–70 Gy using conventional fraction-
ation via image-guided radiotherapy (IGRT) or non-IGRT,
but excluded patients with other cancer(s). The explana-
tory variable of interest (IGRT vs. non-IGRT), the primary
outcome of interest (overall survival [OS]) and other sup-
plementary outcomes (incidence of lung cancer mortality
[ILCM], other cancer mortality [IOCM] and cardiovascular
mortality [ICVM]) were determined via the recordings in
the TCR or the death registry. We defined the date of diag-
nosis as the index date and calculated the OS or other end-
points from the index date to the date of death or
31 December 2018 (censoring date of the death registry).
The covariates (see next section “Other explanatory
covariates”) were modified from our experiences in clinical
care and TCR studies7, 11, 12 to adjust for potential non-
randomized treatment selection.

Other explanatory covariates

In this study, the included covariates were patient demo-
graphics (age, gender, residency), patient characteristics
(socioeconomic status, comorbidity, drinking, betel nut
chewing, smoking, body mass index [BMI]), disease char-
acteristics (clinical stage, tumor size, histology, tumor loca-
tion), treatment characteristics (radiotherapy [RT] delivery,
RT dose, peri-CCRT systemic therapy, RT break), and
prognostic factor (performance status, use of positron
emission tomography [PET]) were defined as follows. Age
was classified as at least 65 years old or not. Patient resi-
dency region was classified as northern Taiwan or else-
where. Socioeconomic status was classified as higher
(income greater than minimum wage) or not. Comorbidity
was classified as with or without via Carlson comorbidity
score. The drinking, betel nut chewing, smoking, and use
of PET covariates were classified as yes or no. Clinical stage
was classified as 3A or 3B. Histology was classified as small

cell lung carcinoma (SCLC) or non-small cell lung carci-
noma (NSCLC). Tumor location was classified as lower or
upper/middle lobe. RT delivery was classified as 3D con-
formal radiotherapy (3DCRT) or intensity-modulated
radiotherapy (IMRT). Peri-CCRT systemic therapy was
classified as with or without. RT break was defined as more
than one week or not. Performance status was classified as
Eastern Cooperative Oncology Group 0–1 or 2.

Statistical and subgroup analyses

In the primary analysis (PA), we adopted the propensity-
score (PS) method to balance the measured potential
confounders.13–15 We evaluated the probability of receiving
IGRT (vs. non-IGRT) with a logistic regression model
based on all the above covariates, used the logit of the
probability as the PS, and then assessed the balance of
covariates between groups via the standardized difference
(SDif).16, 17 We compared the hazard ratio (HR) of death
between the IGRT and non-IGRT groups during the entire
follow-up period via a PS weighting approach with overlap
weights as suggested in studies.18, 19 We used Cox propor-
tional hazards model in the weighted sample for point esti-
mation and used the bootstrap method to estimate the
95% confidence interval (95% CI).18, 20, 21 We further
adopted the E-factor to evaluate the impact of potential
unmeasured confounding factor(s) on OS.22 We took a
competing risk approach to compare ILCM, IOCM, and
ICVM between groups.23

In the subgroup analyses (SA), we used alternative
approach (PS matching) as also advocated in the litera-
ture.18 We constructed additional 1:1 PS matching for four
subgroups separately and compared the hazard ratio
(HR) of death between the IGRT and non-IGRT groups

Figure 2 The overlap weights adjusted overall survival curve (in years)
in the primary analysis. , non-IGRT; , IGRT.
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via a robust variance estimator.18 In the first subgroup
analysis (SA-1), we performed PS matching for patients in
the primary analysis. The treatment for SCLC and NSCLC
were quite different as reflected by the different treatment
guidelines.2, 3 In addition, the optimal treatment is less
clear for a subset of patients with NSCLC with mutant epi-
dermal growth factor receptor (EGFR), as reported in our
previous first nonrandomized population-based study uti-
lizing TCR.24 Therefore, we did an additional SA for SCLC
(SA-2), NSCLC with wild-type EGFR (SA-3) or NSCLC

with mutant EGFR (SA-4). In SA-5, we included three
additional potential covariates addressed by reviewers dur-
ing revision to examine the robustness of our findings.
These covariates included c-T stage (T1-2 vs. T3-4), c-N
stage (N0-1 vs. N2-3), and treatment era (early = 2011–2013
vs. late = 2014–2016).
We performed the statistical analyses using the software

SAS 9.4 (SAS Institute, Cary, NC) and R (R Development
Core Team, R Foundation for Statistical Computing,
Vienna, Austria) version 3.5.3.

Table 2 SA-1: Patient characteristics of the PS-matched subgroup in the supplementary analysis

IGRT (n = 192) non-IGRT (n = 192)

Standardized difference
(rounded)*

Number or
mean (sd)§ (%)§

Number or
mean (sd)§ (%)§

Age <65 95 (49) 106 (55) 0.12
≥65 97 (51) 86 (45)

Gender Female 45 (23) 47 (24) 0.02
Male 147 (77) 145 (76)

Residency Non-north 128 (67) 134 (70) 0.07
North 64 (33) 58 (30)

Social economic status No more than
minimum wage

50 (26) 60 (31) 0.12

Higher 142 (74) 132 (69)
Comorbidity Without 104 (54) 106 (55) 0.02

With† 88 (46) 86 (45)
Clinical stage 3A 56 (29) 62 (32) 0.07

3B 136 (71) 130 (68)
Histology NSCLC 155 (81) 155 (81) 0

SCLC 37 (19) 37 (19)
Tumor location Lower 48 (25) 47 (24) 0.01

Upper/middle 144 (75) 145 (76)
RT delivery 3DCRT ‡ ‡ ‡ ‡ 0.05

IMRT ‡ ‡ ‡ ‡

Peri-CCRT Systemic
therapy

Without 110 (57) 108 (56) 0.02
With 82 (43) 84 (44)

RT break ≤1 week 139 (72) 139 (72) 0
>1 week 53 (28) 53 (28)

RT dose 61.98 (6.12) 61.53 (6.03) 0.07
BMI 23.60 (3.84) 23.79 (3.66) 0.05
Drinking No 126 (66) 122 (64) 0.04

Yes 66 (34) 70 (36)
Betel nut chewing No 159 (83) 157 (82) 0.03

Yes 33 (17) 35 (18)
Smoking No 57 (30) 60 (31) 0.03

Yes 135 (70) 132 (69)
Performance status 0–1 179 (93) 184 (96) 0.12

2 13 (7) 8 (4)
Use of PET No 106 (55) 103 (54) 0.03

Yes 86 (45) 89 (46)
Tumor size (mm) 56.36 (24.42) 54.49 (24.75) 0.08

3DCRT, 3D conformal radiotherapy; BMI, body mass index; CCRT, concurrent chemoradiotherapy; IGRT, image-guided radiotherapy; IMRT, intensity-
modulated radiotherapy; NSCLC, non-small cell lung cancer; PET, positron emission tomography; PSW, propensity-score weighting; RT, radiotherapy;
SCLC, small cell lung cancer; sd, standard deviation. †Modified Carlson comorbidity score ≥ 1. ‡The 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). §Rounded.
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Results

Identification of the study population
used in the primary analysis

As shown in Fig 1, 797 eligible nonoperated LALC
adult patients who received IGRT or non-IGRT in
2011–2016 were used as our primary study population
and were divided into the IGRT group (n = 192) versus
the non-IGRT group (n = 605). The patient characteris-
tics are described in Table 1. Some covariates were not
balanced before PS weighting but all covariates were
well balanced (standardized differences <0.25) after PS
weighting.17

Primary analysis

After a median follow-up of 21 months (range 3–95), death
was observed for 141 patients in the IGRT group and for
458 patients in the non-IGRT group. The overlap weights
adjusted OS curve are shown in Fig 2. The five-year OS
rates for both groups were 19.61% (IGRT) and 19.96%
(non-IGRT), respectively. When IGRT was compared to
non-IGRT, the HR of death was 0.96 (95% confidence
interval [95% CI]: 0.79–1.15, P = 0.65). The observed HR
could be explained by an unmeasured confounder associ-
ated with the selection of treatment (IGRT or non-IGRT)
and survival by a risk ratio of 1.20 (E-value) fold each, but
weaker confounding factors could not do so. The results

Table 3 SA-2: SCLC group

IGRT (n = 37) non-IGRT (n = 37)

Standardized difference
(rounded)*

Number or
mean (sd)§ (%)§

Number or
mean (sd)§ (%)§

Age <65 20 (54) 21 (57) 0.05
≥65 17 (46) 16 (43)

Gender Female 4 (11) 3 (8) 0.09
Male 33 (89) 34 (92)

Residency Non-north 25 (68) 25 (68) 0
North 12 (32) 12 (32)

Social economic status No more than
minimum wage

9 (24) 9 (24) 0

Higher 28 (76) 28 (76)
Comorbidity Without 25 (68) 24 (65) 0.06

With† 12 (32) 13 (35)
Clinical stage 3A 10 (27) 11 (30) 0.06

3B 27 (73) 26 (70)
Tumor location Lower 8 (22) 6 (16) 0.14

Upper/middle 29 (78) 31 (84)
Peri-CCRT Systemic
therapy

Without 18 (49) 18 (49) 0
With 19 (51) 19 (51)

RT break ≤1 week 20 (54) 22 (59) 0.11
>1 week 17 (46) 15 (41)

RT dose 60.20 (6.29) 61.15 (4.72) 0.17
BMI 24.54 (4.15) 24.44 (3.64) 0.03
Drinking No 17 (46) 14 (38) 0.17

Yes 20 (54) 23 (62)
Betel nut chewing No 30 (81) 30 (81) 0

Yes 7 (19) 7 (19)
Smoking No ‡ ‡ ‡ ‡ 0.20

Yes ‡ ‡ ‡ ‡

Performance status 0–1 34 (92) 34 (92) 0
2 3 (8) 3 (8)

Use of PET No 25 (68) 29 (78) 0.25
Yes 12 (32) 8 (22)

Tumor size (mm) 65.46 (31.35) 63.00 (27.12) 0.08

All patients were treated by intensity-modulated radiotherapy. BMI, body mass index; CCRT, concurrent chemoradiotherapy; IGRT, image-guided
radiotherapy; IMRT, intensity-modulated radiotherapy; PET, positron emission tomography; PSW, propensity-score weighting; RT, radiotherapy; SCLC,
small cell lung cancer; sd, standard deviation. †Modified Carlson comorbidity score ≥ 1. ‡The 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). §Rounded.
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were also not significantly different for ILCM (HR = 0.92,
P = 0.55) and IOCM (HR = 2.23, P = 0.37). The crude
ICVM was around 1% (7/605) in the non-IGRT group and
even lower in the IGRT group (exact number not reported
per HWDC policy).

Subgroup analyses (SA)

In the SA-1 to SA-5, we were still able to construct bal-
anced subpopulations after PS-matching except failed to
balance all covariates in the SA-4 (NSCLC with mutant
EGFR), probably due to the relatively small number of
cases (Tables 2, 3, 4, 5, 6). There was also no statistically

significant difference for OS when IGRT was compared
with non-IGRT (SA-1: HR = 0.99, P = 0.90; SA-2:
HR = 0.99, P = 0.97; SA-3: HR = 1.26, P = 0.47; SA-4:
HR = 0.90, P = 0.75; SA-5: HR = 1.03, P = 0.80).

Discussion

In this updated nonrandomized study using real world
data with additional potential confounders, we found that
the OS of LALC patients treated with dCCRT was not sta-
tistically different between those treated with IGRT versus
those without IGRT. However, the observed HR for death
in our study was less than unity (ie, in favor of IGRT), in

Table 4 SA-3: NSCLC wild-type EGFR group

IGRT (n = 41) non-IGRT (n = 41)

Standardized difference
(rounded)*

Number or
mean (sd)§ (%)§

Number or
mean (sd)§ (%)§

Age <65 20 (49) 22 (54) 0.10
≥65 21 (51) 19 (46)

Gender Female 11 (27) 10 (24) 0.06
Male 30 (73) 31 (76)

Residency Non-north 21 (51) 21 (51) 0
North 20 (49) 20 (49)

Social economic status No more than
minimum wage

13 (32) 11 (27) 0.11

Higher 28 (68) 30 (73)
Comorbidity Without 16 (39) 16 (39) 0

With† 25 (61) 25 (61)
Clinical stage 3A 9 (22) 9 (22) 0

3B 32 (78) 32 (78)
Tumor location Lower 13 (32) 9 (22) 0.22

Upper/middle 28 (68) 32 (78)
RT delivery 3DCRT ‡ ‡ ‡ ‡ 0.10

IMRT ‡ ‡ ‡ ‡

Peri-CCRT Systemic
therapy

Without 23 (56) 22 (54) 0.05
With 18 (44) 19 (46)

RT break ≤1 week 34 (83) 33 (80) 0.06
>1 week 7 (17) 8 (20)

RT dose 61.24 (6.62) 61.18 (5.81) 0.01
BMI 23.54 (4.05) 23.48 (3.86) 0.02
Drinking No 32 (78) 31 (76) 0.06

Yes 9 (22) 10 (24)
Betel nut chewing No ‡ ‡ ‡ ‡ 0.19

Yes ‡ ‡ ‡ ‡

Smoking No 14 (34) 12 (29) 0.11
Yes 27 (66) 29 (71)

Performance status 0–1 ‡ ‡ ‡ ‡ 0
2 ‡ ‡ ‡ ‡

Use of PET No 19 (46) 15 (37) 0.20
Yes 22 (54) 26 (63)

Tumor size (mm) 51.51 (21.63) 50.61 (19.18) 0.04

BMI, body mass index; CCRT, concurrent chemoradiotherapy; IGRT, image-guided radiotherapy; IMRT, intensity-modulated radiotherapy; PET, posi-
tron emission tomography; PSW, propensity-score weighting; RT, radiotherapy; SCLC, small cell lung cancer; sd, standard deviation. †Modified Car-
lson comorbidity score ≥ 1. ‡The 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). §Rounded.
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contrast to the HR 2.12 (P = 0.042) observed in the RCT
for prostate cancer.8 However, it should be noted that OS
was the second but not primary outcome of this RCT,8 so
the significance regarding the difference in OS or other
outcomes may be false positive25 and should be interpreted
with caution. Furthermore, although this RCT8 failed to
show superiority in its primary endpoint (recurrence-free
survival, HR 0.81 P = 0.33), post hoc analyses did show a
benefit to IGRT in biochemical progression-free, clinical
progression-free interval, and rectal toxicity.
From the viewpoint of evidence-based medicine, our

finding was not a high level evidence15, 26 and should be
cautiously interpreted due to the nonrandomized study
design.15 Although OS was obviously the most important
endpoint in cancer treatment, it may not be the most rele-
vant endpoint for IGRT, and our study lacked the data on

local control or toxicity which might be better endpoints
for IGRT. However, when we searched the clinical trial
registry (https://clinicaltrials.gov/) in March 2020 using
keywords “(image-guided radiation therapy) or (image-
guided radiotherapy) or (IGRT) | lung cancer | Phase 2, 3,
Not Applicable”, we found no RCT regarding IGRT for
LALC patients treated with dCCRT. Therefore, our study
provided a reasonable tentative evidence in the lack of
RCT as suggested in the literature.15

We also looked for relevant studies by searching
PubMed in May 2020 using the following keywords
“(IGRT) or (image-guided radiation therapy) or (image*)
and (guid*) and (radiotherapy) or (radiation therapy) and
survival and (lung cancer)”and found two subsequent insti-
tutional studies from the United States in addition to our
previous study.7, 27, 28 Kilburn et al. used data of

Table 5 SA-4: NSCLC mutant EGFR group

IGRT (n = 30) non-IGRT (n = 30)

Standardized difference
(rounded)*

Number or
mean (sd)§ (%)§

Number or
mean (sd)§ (%)§

Age <65 12 (40) 16 (53) 0.27
≥65 18 (60) 14 (47)

Gender Female 19 (63) 20 (67) 0.07
Male 11 (37) 10 (33)

Residency Non-north 21 (70) 17 (57) 0.28
North 9 (30) 13 (43)

Social economic status No more than
minimum wage

8 (27) 10 (33) 0.15

Higher 22 (73) 20 (67)
Comorbidity Without 20 (67) 17 (57) 0.21

With† 10 (33) 13 (43)
Clinical stage 3A 12 (40) 9 (30) 0.21

3B 18 (60) 21 (70)
Tumor location Lower 5 (17) 3 (10) 0.20

Upper/middle 25 (83) 27 (90)
Peri-CCRT Systemic
therapy

Without 8 (27) 11 (37) 0.22
With 22 (73) 19 (63)

RT break ≤1 week 26 (87) 25 (83) 0.09
>1 week 4 (13) 5 (17)

RT dose 62.52 (5.62) 62.15 (4.69) 0.07
BMI 24.30 (3.87) 24.19 (3.37) 0.03
Drinking No 26 (87) 24 (80) 0.18

Yes 4 (13) 6 (20)
Betel nut chewing No ‡ ‡ ‡ ‡ 0.15

Yes ‡ ‡ ‡ ‡

Smoking No 23 (77) 21 (70) 0.15
Yes 7 (23) 9 (30)

Use of PET No 14 (47) 13 (43) 0.07
Yes 16 (53) 17 (57)

Tumor size (mm) 49.13 (18.48) 47.17 (22.27) 0.10

All patients were performance status score 0–1 and treated by intensity-modulated radiotherapy. BMI, body mass index; CCRT, concurrent
chemoradiotherapy; IGRT, image-guided radiotherapy; IMRT, intensity-modulated radiotherapy; PET, positron emission tomography; PSW,
propensity-score weighting; RT, radiotherapy; SCLC, small cell lung cancer; sd, standard deviation. †Modified Carlson comorbidity score ≥ 1. ‡The
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). §Rounded.
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169 NSCLC patients and found similar OS (P = 0.63)
although better locoregional control and less grade III
acute toxicity for IGRT.27 Deek et al. retrospectively
reviewed 91 patients with NSCLC and reported daily KV
image IGRT was associated with longer OS (P = 0.01) as

well as less locoregional failure when compared to
weekly MV image.28 In contrast, our current study was a
population based study from Asia with a much larger
number of cases (797 vs. [91 or 169] in the previous
studies).

Table 6 SA-5: Patient characteristics of the PS-matched subgroup (included three additional potential covariates)

IGRT (n = 191) non-IGRT (n = 191)

Standardized difference
(rounded)*

Number or
mean (sd)§ (%)§

Number or
mean (sd)§ (%)§

Age <65 94 (49) 96 (50) 0.02
≥65 97 (51) 95 (50)

Gender Female 45 (24) 46 (24) 0.01
Male 146 (76) 145 (76)

Residency Non-north 127 (66) 121 (63) 0.07
North 64 (34) 70 (37)

Social economic status No more than
minimum wage

50 (26) 48 (25) 0.02

Higher 141 (74) 143 (75)
Comorbidity Without 103 (54) 107 (56) 0.04

With† 88 (46) 84 (44)
Clinical stage 3A 56 (29) 49 (26) 0.08

3B 135 (71) 142 (74)
Histology NSCLC 154 (80) 154 (80) 0

SCLC 37 (20) 37 (20)
Tumor location Lower 48 (25) 46 (24) 0.02

Upper/middle 143 (75) 145 (76)
RT delivery 3DCRT ‡ ‡ ‡ ‡ 0.05

IMRT ‡ ‡ ‡ ‡

Peri-CCRT Systemic
therapy

Without 109 (57) 112 (59) 0.03
With 82 (43) 79 (41)

RT break ≤1 week 139 (73) 142 (74) 0.04
>1 week 52 (27) 49 (26)

RT dose 62.01 (6.12) 62.03 (5.71) 0.004
BMI 23.58 (3.84) 23.34 (3.68) 0.07
Drinking No 125 (65) 129 (68) 0.04

Yes 66 (35) 62 (32)
Betel nut chewing No 158 (83) 164 (86) 0.09

Yes 33 (17) 27 (14)
Smoking No 57 (30) 58 (30) 0.01

Yes 134 (70) 133 (70)
Performance status 0–1 178 (93) 181 (95) 0.07

2 13 (7) 10 (5)
Use of PET No 106 (56) 106 (56) 0

Yes 85 (44) 85 (44)
Tumor size (mm) 56.23 (24.41) 56.34 (25.43) 0.005
c-T stage T1-2 50 (26) 54 (28) 0.05

T3-4 141 (74) 137 (72)
c-N stage N0-1 19 (10) 15 (8) 0.07

N2-3 172 (90) 176 (92)
Treatment era Early 76 (40) 80 (42) 0.04

Late 115 (60) 111 (58)

3DCRT, 3D conformal radiotherapy; BMI, body mass index; CCRT, concurrent chemoradiotherapy; IGRT, image-guided radiotherapy; IMRT, intensity-
modulated radiotherapy; NSCLC, non-small cell lung cancer; PET, positron emission tomography; PSW, propensity-score weighting; RT, radiotherapy;
SCLC, small cell lung cancer; sd, standard deviation. †Modified Carlson comorbidity score ≥ 1. ‡The 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). §Rounded.
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There were several limitations in our study. First, the
treatment assignment in our study (IGRT or not) was not
randomized and potential unmeasured confounders are
always a limitation of a nonrandomized study as seen in
our previous study7 and the current study. Although we
had included additional covariates in the current study,
there were still possible unmeasured confounders. For
example, use of invasive mediastinal staging, organ at risk
dose, the planning target volume (PTV) margin or volume,
dose calculation algorithms, or systematic therapy details
might be different for those treated with IGRT or not and
if imbalanced between groups may impact our results, but
this information was not available in the TCR. Further-
more, accessibility (IGRT may not be available in some
institutes [nor provided by the TCR in HWDC]) issues
may also be possible because IGRT is a relatively recent
technology. Therefore, we reported E-value to quantify the
potential impact of unmeasured confounder(s) as suggested
in the literature. Second, locoregional control or side effects
but not OS might be more relevant endpoints as reported
in previous studies.27, 28 However, we did not include these
endpoints as we felt the recording of relapse pattern in
TCR was relatively immature for lung cancer. Third, the
implication regarding IGRT for current practice may be
unclear in the era of immunotherapy because consolidative
immunotherapy (durvalumab) has been the standard of
care for locally advanced NSCLC treated with definitive
CCRT since 2017.29 Finally, the intervention (IGRT) in our
study was not homogenous. To our knowledge, several dif-
ferent forms of xray-based IGRT are available in Taiwan
including, but not limited to, cone beam computed tomog-
raphy, KV imaging, and MV imaging, which could not be
differentiated in the TCR. However, it is unclear whether
these various technologies lead to different clinical
benefits,30 although, to our knowledge, the modern xray-
free magnetic resonance image guided IGRT31 was not
available in Taiwan for our study population. The quality
of IGRT may also be a concern32 but could not be assessed
in our study due to study limitations.
In conclusion, in this updated nonrandomized study

using real world data with additional potential confounders,
we found that the OS of LALC patients treated with
dCCRT was not statistically different between those treated
with IGRT versus those without IGRT, with the hazard
ratio less than unity ie, in favor of IGRT. The results should
be interpreted with caution given the nonrandomized
design. Studies regarding toxicity, local control, or designed
as RCT are needed to clarify the role of IGRT.
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