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Abstract

Introduction

There are no adequate data to determine whether intensity-modulated radiotherapy (IMRT)
is superior to three-dimensional conformal radiotherapy (3DCRT) in the treatment of non-
small cell lung cancer (NSCLC). This meta-analysis was conducted to compare the clinical
outcomes of IMRT and 3DCRT in the treatment of NSCLC.

Methods

No exclusions were made based on types of study design. We performed a literature search
in PubMed, EMBASE and the Cochrane library databases from their inceptions to April 30,
2015. The overall survival (OS) and relative risk (RR) of radiation pneumonitis and radiation
oesophagitis were evaluated. Two authors independently assessed the methodological qual-
ity and extracted data. Publication bias was evaluated by funnel plot using Egger’s test results.

Results

From the literature search, 10 retrospective studies were collected, and of those, 5 (12,896
patients) were selected for OS analysis, 4 (981 patients) were selected for radiation pneu-
monitis analysis, and 4 (1339 patients) were selected for radiation oesophagitis analysis.
Cox multivariate proportional hazards models revealed that SDCRT and IMRT had similar
OS (HR=0.96, P =0.477) but that IMRT reduced the incidence of grade 2 radiation pneu-
monitis (RR = 0.74, P = 0.009) and increased the incidence of grade 3 radiation oesophagi-
tis (RR =2.47, P = 0.000).

Conclusions

OS of IMRT for NSCLC is not inferior to that of SDCRT, but IMRT significantly reduces the
risk of radiation pneumonitis and increases the risk of radiation oesophagitis compared to
3DCRT.
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Introduction

Radiotherapy is one of the most effective treatments for cancer. Among cancer treatments, sur-
gery accounts for 22%, radiotherapy for 18%, and chemotherapy for 5%. Radiotherapy remains
an important component of passive therapy. Lung cancer is the leading cancer in both inci-
dence and mortality and accounts for 25% of all cancer deaths, and the incidence of lung cancer
continues to rise. At least 50% of patients with locally advanced non-small cell lung cancer
(NSCLC) receive radiotherapy [1].

Several important advanced techniques in radiotherapy treatment have emerged in the past
few decades that are changing the picture of cancer treatment. These advanced techniques
include three-dimensional conformal radiotherapy (3DCRT), intensity-modulated radiother-
apy (IMRT), image-guided radiotherapy (IGRT), stereotactic body irradiation, tomotherapy,
and proton and particle beam therapy [2]. The main goals of these radiotherapy techniques are
(1) to increase the conformal degree of the target area and increase the radiation dose, and (2)
to decrease toxicity to normal tissue to improve locoregional control (LRC) and overall survival
(OS). 3DCRT was approved in the 1990s to reduce toxicity to normal tissue and increase LRC
and OS compared to 2DCRT. IMRT is more effective than 3CRT in enabling conformal radia-
tion and increased dose [3] and reducing toxicity to normal tissue [4-5]. This advantage of
IMRT is important, particularly for tumours located close to regions such as the spinal cord,
brain stem, and eyes. Recent accumulating evidence supports the use of IMRT in prostate [6]
and head and neck cancers [7] based on the reduction of treatment toxicity. However, the use
of IMRT in locally advanced lung cancers remains controversial. The main concerns stem
from two potential areas: (1) IMRT increases the amount of normal lung tissue exposed to low
doses of radiation and could potentially increase the risk of radiation pneumonitis and (2) lung
tumours move due to the interplay of breathing, the motion of the tumour, and the motion of
multileaf collimator(MLC)-shaped segments, potentially inducing unanticipated variations of
the dose delivered to the target [8-9]. Data or randomized trials to provide clear guidance for
clinical practice are lacking. Thus, we performed this meta-analysis to evaluate the outcomes of
IMRT compared to 3DCRT in terms of survival and toxicity.

Materials and Methods

Study design
This meta-analysis followed PRISMA statement guidelines [10].

Eligibility criteria

The following study selection criteria were applied. (1) No exclusions were made based on the
type of study design. (2) The diagnosis of NSCLC was confirmed by pathological study. (3) An
association between IMRT and 3DCRT and outcomes in the treatment of NSCLC was demon-
strated. (4) The study included at least 20 cases. (5) The hazard ratios (HR) and the corre-
sponding 95% confidence intervals (CIs) of OS, the incidence of radiation pneumonitis or
oesophagitis, or the number of cases of radiation pneumonitis or oesophagitis could be
obtained.

Literature search

We conducted a comprehensive literature review in PubMed, Embase and Cochrane Library
from inception to April 30, 2015 and identified articles that evaluated the associations between
IMRT and 3DCRT in the treatment of NSCLC. The key words were intensity-modulated radia-
tion therapy (IMRT) and conformal radiation therapy (3DCRT) and non-small cell lung
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cancer (NSCLC). No language restrictions were imposed. In addition, we screened references
from retrieved original articles to identify other potentially eligible studies.

Study selection and quality assessment

Two reviewers independently assessed the methodological quality of the included studies using
the Newcastle-Ottawa Scale (NOS) [11]. The NOS contains three parameters of quality: selec-
tion, comparability, and exposure assessment. The NOS assigns maximum scores of 4 for selec-
tion, 2 for comparability, and 3 for exposure. Hence, a score of 9 indicates the highest quality.
Discrepancies were addressed in consultation with a third reviewer. We considered studies
with scores of 6 or higher as high-quality studies.

Data extraction

Two reviewers independently extracted the following data from each eligible study: first
author’s last name, year of publication, number of patients, ages, region, stage, radiotherapy
(RT) dose, use of CCRT, HR of OS, and incidence and number of cases of radiation pneumoni-
tis or oesophagitis. Any disagreements were resolved by consensus or in consultation with a
third reviewer.

Statistical analysis

We estimated the HR and 95% confidence interval (CI) for OS and the relative risk (RR) of the
incidence of radiation pneumonitis and oesophagitis. Heterogeneity was determined using the
chi-square based Cochran’s Q statistic and the I” statistic. The I* yield results ranged from 0 to
100% (I* = 0-40%, low heterogeneity; I” = 40-60%, moderate heterogeneity; I* = 50-90%, large
heterogeneity; and I” = 75-100%, extreme heterogeneity) [12]. If large heterogeneity existed,
the random-effects model was used; otherwise, the fixed-effects model was used. If significant
heterogeneity was identified, subgroup analysis was conducted. Sensitivity analyses were con-
ducted to test the robustness of the main results by removing each study in turn. Potential pub-
lication bias was evaluated by funnel plots, and Egger’s weighted linear regression test was used
to examine the asymmetry of the funnel plots [13]. All statistical analyses were performed
using Stata 12.0. All P values were two-sided and were considered significant at the .05 level.

Results
Study selection and characteristics

A total of 536 relevant studies were identified during the initial search. Ultimately, 5 studies
(12,896 patients) were included in the OS meta-analysis, 4 studies (two abstracts, 981 patients)
were included in the radiation pneumonitis meta-analysis, and 4 studies (one abstract, 1339
patients) were included in the radiation oesophagitis meta-analysis. All studies were retrospec-
tive research. The flow diagram of the literature retrieval and selection is presented in Fig 1.

The main characteristics of all eligible studies are presented in Tables 1, 2, 3, 4, 5 and 6 pres-
ent the incidence of radiation pneumonitis and radiation oesophagitis, respectively. The studies
were published between 2010 and 2015. With the exception of three abstracts, the studies pro-
vided comprehensive clinical information. The mean age of the subjects in the studies was
approximately 65 years old. Geographically, 7 studies were conducted in the USA, 1 in Taiwan,
and 1 in Korea; 2 abstracts did not provide regional information. Stage III cancer was the most
common stage in the studies, and the mean dose was approximately 60 Gy, including both con-
current chemoradiation (CCRT) and sequential chemoradiotherapy (SCRT).
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Fig 1. PRISMA Flow chart of the search result of the meta-analysis. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009).
Preferred Reporting ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi: 10.1371/journal.
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pmed1000097. For more information, visit www.prisma-statement.org

doi:10.1371/journal.pone.0151988.g001
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2 for OS (had no fulltext and
detail data)

5 for radiation pneumoniti (2
were grade 3, 2 no grade, 1
no detail date)

4 for radiation esophagitis (3
no grade, 1 no detail data)

Quality of the included studies

The quality assessments of the evaluated studies are presented in Table 7 (OS), Table 8 (radia-
tion pneumonitis) and Table 9 (radiation oesophagitis). All studies were determined to be of
high quality (NOS score greater than 6). The most common selection biases were the selection
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Table 1. Main characteristics of the studies for OS.

Study Pts Age (years) region Stage RT dose CCRT or SCRT
Liao ZX2010[14] 409 unlimited USA Unresectable pts mean 63Gy (50-73) CCRT

Harris JP 2014[15] 6894 >65 USA 1] RT length (3-9weeks) CCRT, SCRT
Hsia TC 2014[16] 99 unlimited Taiwan 1] >50Gy CCRT, SCRT
Chen AB 2014[17] 5417 >65 USA i >25fractions (>45-50 Gy) NG

Noh JM 2015[18] 77 median60 (40-80) Korea B mean 66Gy CCRT

Pts: patients, RT: radiotherapy, CCRT: concurrent chemoradiation, SCRT: sequential chemoradiotherapy, NG: not give.

doi:10.1371/journal.pone.0151988.1001

of controls from hospital controls and the definition of controls. In terms of comparability
bias, the most common factors were tumour volume, comorbidity, nodal stage, RT dose,
CCRT/SCRT, PET scans, and brain imaging. All studies had good ascertainment of exposure
and did not indicate a non-response rate.

0S

Univariate. Two studies [15, 17] (12,311 patients) of the HR of OS determined by univari-
ate analysis were incorporated into this meta-analysis (Fig 2). The pooled results indicated that
IMRT reduced the mortality risk of OS (HR = 0.92, 95%CI: 0.87-0.98, P = 0.015). No signifi-
cant heterogeneity was detected (I = 0.00%, P = 0.401).

Multivariate. A total of 5 studies [14-18] (12,896 patients) of the HR of OS determined by
Cox multivariate analysis were incorporated into this meta-analysis (Fig 2). The pooled results
indicated that there was no significant difference between IMRT and 3DCRT (HR = 0.96, 95%
CI: 0.90-1.03, P = 0.477). No significant heterogeneity was detected (I = 49.1%, P = 0.097).

Not limited to curative RT dose. Two studies [15, 17] (12,311 patients) of patients not
limited to curative RT doses for OS were incorporated into this meta-analysis (Fig 2). The
pooled results indicated that IMRT improved OS (HR = 0.91, 95%CI: 0.85-0.97, P = 0.004). No
significant heterogeneity was detected (I* = 0.00%, P = 0.410).

Toxicity

Radiation pneumonitis. Four studies [18-21] (557 patients, including 2 abstracts) of the
incidence of grade 2 radiation pneumonitis were incorporated into this meta-analysis (Fig 3).
The pooled results indicated that IMRT reduced the incidence of grade 2 pneumonitis
(RR = 0.74, 95%CI: 0.59-0.93, P = 0.009). No significant heterogeneity was detected (I* = 0.0%,
P =0.481).

Radiation oesophagitis. Four studies [18-19, 22-23] (1337 patients, include 1 abstract)
regarding the incidence of grade 3 radiation oesophagitis were incorporated into this meta-
analysis (Fig 3). The pooled results indicated that IMRT increased the incidence of grade 3

Table 2. Main characteristics of the studies for OS.

Liao ZX 2010 NG

Harris JP 2014  0.90 (0.82-0.98) P = 0.02
Hsia TC 2014 NG

Chen AB 2014 0.95 (0.87-1.0) P = 0.24

Study HR (95%C 1) of OS in univariate HR (95%C 1) of OS in Cox multivariate HR (95%C I) of OS not limited to curative RT dose
0.64 (0.41-0.98) P = 0.039 NG
0.94 (0.85-1.04) P = 0.23 0.94 (0.85-1.04) P = 0.23
1.54 (0.82-2.91) P =0.18 NG
0.99 (0.9-1.09) P = 0.82 0.89 (0.84-0.99) P = 0.03
2.16 (0.67-6.96) P = 0.197 NG

Noh JM 2015 NG
doi:10.1371/journal.pone.0151988.1002
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Table 3. Main characteristics of the studies for radiation pneumonitis.

Study Pts
Sejpa S 2011[19] 140
McCloskey 424
2012(abstract) [20]

Rehman S 340
2014(abstract) [21]

Noh JM 2015[18] 77

Age (years) region Stage RT dose (Gy) CCRT or not

median 61 (38-82) USA 1l mean 63 CCRT

NA Canada I mean 61 (3DCRT) 74% (3CDRT) and 78% (IMRT)
mean 66 (IMRT) were CCRT

median 65 NA NA NA NA

median 60 (40-80) Korea 1B mean 66Gy CCRT

Pts: patients, RT: radiotherapy, CCRT: concurrent chemoradiation, SCRT: Sequential chemoradiotherapy, NA: not obtained.

doi:10.1371/journal.pone.0151988.1003

oesophagitis (RR = 2.47, 95%CI: 1.95-3.14, P = 0.000). No significant heterogeneity was
detected (I* = 38.89%, P = 0.129).

Publication bias. Funnel plots and Egger's test were used to explore publication bias. Fig 4
show the Funnel plots of OS. No significant publication bias was identified (Egger’s test:
P = 0.686 for multivariate analysis of OS; P = 0.915 for radiation pneumonitis; P = 0.940 for
radiation oesophagitis).

Sensitivity analysis. Sensitivity analysis was conducted to explore the impact of one study
on the pooled results in OS, radiation pneumonitis and radiation oesophagitis. These results
indicate that the main results were robust to the removal of one study in turn.

Discussion
Key findings and clinical associations

OS. Based on original study data, we categorized the HR of the OS analyses into univariate,
multivariate, and not limited to curative radiotherapy dose analyses and focused on the multi-
variate analysis. According to the univariate analysis model, OS was significantly improved in
the IMRT group, with a reduction of the risk of death of 7.5% (HR = 0.92, P = 0.015). In the
multivariate analysis model, there was no significant difference between the IMRT and 3DCRT
groups (HR = 0.96, P = 0.477). The study by Noh [18] included more significant adverse prog-
nostic factors (supraclavicular lymph node metastasis and larger tumour volume), and thus we
omitted this study. Thus, the pooled HR was 0.961 (95%CI: 0.898-1.029, P = 0.259) but the
main result did not change. Because Noh [18] included patients not limited to curative radio-
therapy, the OS was significantly improved in the IMRT group. In Harris’s study [15], the
length of radiotherapy treatment ranged from 3 to 9 weeks, and thus this study was not limited
to curative radiotherapy. We combined these two studies, and the results indicated that the OS

Table 4. The incidence of radiation pneumonitis.

study radiation methods positive (n) negative (n) rate
Sejpa S 2011 IMRT 23 43 9%
3D-CRT 44 30 30%
McCloskey 2012 IMRT 19 88 18%
3D-CRT 51 166 24%
Rehman S 2014 IMRT 20 43 32%
3D-CRT 97 180 35%
Noh 2015 IMRT 7 22 24%
3D-CRT 16 32 33%
doi:10.1371/journal.pone.0151988.1004
PLOS ONE | DOI:10.1371/journal.pone.0151988 April 21,2016 6/15



@'PLOS ‘ ONE

IMRT Compared to 3DCRT in NSCLC: Meta-Analysis

Table 5. Main characteristics of the studies for radiation esophagitis.

Study Pts
Gomez D 2011 [22] 678
Sejpa 2011[19] 140
Gomez DR 2012[23] 444
Noh JM 2015[18] 77

Age (years) region Stage RT dose (Gy) CCRT or not
NA NA -V >60 72% were CCRT
median 61 (38-82) USA Il almost mean 63 CCRT

median 66 (33-92) USA I-1V (Il almost) mean 63 (50-87.5) CCRT or not
median 60 (40-80) Korea B mean 66 CCRT

Pts: patients, RT: radiotherapy, CCRT: concurrent chemoradiation,SCRT: Sequential chemoradiotherapy, NA: not obtained.

doi:10.1371/journal.pone.0151988.t005

was significantly improved in the IMRT group, with a decrease in the risk of death of 9%
(HR=0.91, P =0.004).

Our survival meta-analysis included 12,896 subjects. We assessed the methodological qual-
ity of the included studies using the NOS, which showed that the quality of the available studies
was generally good. The heterogeneity test indicated that there was no significant heterogene-
ity, the funnel plot was approximately symmetrical, and Egger’s test detected no significant
publication bias. Sensitivity analysis confirmed the stability of the main results. Our main goal
was to compare the HRs using the Cox multivariate model to decrease the influence of con-
founding factors and different follow-up times in the different studies and consequently
increase the robustness of the main results. This is the first meta-analysis to compare IMRT
and 3DCRT in the treatment of NSCLC. There have also been no prospectively randomized tri-
als comparing the clinical outcomes of IMRT and 3DCRT in the treatment of NSCLC. Hence,
no rigorous evidence exists to help determine whether IMRT is superior to 3DCRT in thoracic
radiotherapy. However, the prevalence of IMRT is increasing worldwide. The main concerns
about its use are whether IMRT increases the rate of radiation pneumonitis because larger vol-
umes of normal tissue are exposed to low-dose radiation and whether potentially inferior can-

cer outcomes related to the interplay between MLC and tumour motion exist. Our findings
indicate that IMRT is no less effective than 3DCRT in the treatment of NSCLC, and we
obtained a similar HR for OS using the Cox multivariate model. In the univariate analysis,
IMRT reduced the risk of death in patients with NSCLC, indicating that IMRT has a tendency
to influence and improve the outcomes of NSCLC. Thus, IMRT may be a confounding factor
but not an independent prognosis factor. In the analysis of patients not limited to curative
radiotherapy, IMRT also improved the outcomes of NSCLC, which indicates that depending
on the treatment goals, survival time may be marginally longer in IMRT patients than those
treated with 3DCRT. IMRT has generally been used for head and neck cancer, and three ran-
domized trials have been conducted. Gustavo [7] conducted a meta-analysis that included 5

Table 6. The incidence of radiation esophagitis.

study radiation methods positive (n) negative (n) rate
Gomez D 2011 IMRT 33 89 27%
3D-CRT 65 397 14%
Sejpa S 2011 IMRT 29 37 44%
3D-CRT 13 61 18%
Gomez DR 2012 IMRT 39 100 28%
3D-CRT 32 373 8%
Noh 2015 IMRT 8 21 27%
3D-CRT 7 41 15%
doi:10.1371/journal.pone.0151988.1006
PLOS ONE | DOI:10.1371/journal.pone.0151988 April 21,2016 7/15
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Table 7. The NOS score of studies for OS.

study

Liao
ZX
2010

Harris
JP
2014
Hsia
TC
2014

Chen
AB
2014

Noh
JM
2015

Is the case
definition
adequate?

section Comparability Exposure total
Representativeness Selection Definition Ascertainment Is same Nonresponse
of the Cases of of of Exposure method rate
Controls Controls for case
and
control?
1 1 1 1 1 1 1 8
1 1 1 2 1 1 1 9

doi:10.1371/journal.pone.0151988.t007

prospective phase III randomized trials to compare IMRT and 3DCRT in the treatment of
head and neck cancers. The pooled results demonstrated that IMRT was associated with simi-
lar locoregional control and OS but had a significant overall benefit in reducing the incidence
of grade 2-4 xerostomia (HR = 0.76; P<0.0001). The results of our OS analysis were similar to
those of Gustavo. Our findings also indicated that the interplay between MLC and tumour
motion did not influence the survival outcomes of NSCLC patients. Prior studies have demon-
strated that the effects of interplay between MLC and tumour motion are likely “washed out”
with multiple fields over the course of radiotherapy [24-26]. A phantom study examining the
difference in dose between static points and moving target points during step-and-shoot IMRT
delivery determined that the intrafractional variation in target coverage was <5% and the max-
imum mean or median variation was 0.6% [27-28].

Toxicity

Radiation pneumonitis. The incidence of grade 2 radiation pneumonitis was significantly
lower in the IMRT group than the 3DCRT group, and IMRT reduced the risk of radiation

Table 8. The NOS score of studies for radiation pneumonitis.

study

Sejpal
S 2011
Noh
JM
2015

Is the case
definition
adequate?

1

1

section Comparability exposure total
Representativeness Selection Definition Ascertainment Is same Nonresponse
of the Cases of of of Exposure method rate
Controls Controls for case
and
control?
1 0 0 1 1 1 1 6

doi:10.1371/journal.pone.0151988.1008
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Table 9. The NOS score of studies for radiation esophagitis.

study section Comparability exposure total
Is the case  Representativeness Selection Definition Ascertainment Is same Nonresponse
definition of the Cases of of of Exposure method rate
adequate? Controls Controls for case
and
control?
Sejpal S 1 1 0 0 1 1 1 6
2011
Gomez 1 1 0 0 1 1 1 6
DR
2012
NohJM 1 1 0 0 1 1 1 6
2015
doi:10.1371/journal.pone.0151988.t009
Study Yo
i hr (85% Cl} Weight
1
univariate
Harriz JP 2014 - 0.90 (0.82, 0.98) 17.80
Chen A8 2014 - 0.95 (0.587, 1.04) 17.76
Subtotal (Fequared = 0.0%, p = 0.401}) 052 (087, 093) 3556
\
rmultivariate :
Liao ZX 2010 ' , 0.64 (0.41, 0.99) 0.73
Harriz JP 2014 —-— 0.94 (0.85, 1.04) 13.90
Hzia TC 2014 e * 1.54 (0.82, 2.90} 0.35
Chen A8 2014 —_— 0.99 (0.90, 1.09) 15.42
Moh JM 2015 | & » 216 (0.67, 6.95) 010
Subtotal (Fequarsd = 48.7%, p = 0.085) 0.96 (0.90, 1.03) 30.50
;
unlimited to curative doze : :
Harriz JP 2014 —— 0.94 (0.85, 1.04) 13.90
Chen AB 2014 L 0859 (0.82, 0.97) 2004
Subtotal (lequared = 0.0%, p =0.414} Q 0.91 (0.85, 0.97) 3304
1
1
Heterogeneity between groups: p = 0.482 :
Overall (equared = 25.3%, p = 0.219) ﬁ 0.93 (0.90, 0.97) 100.00
i
1
T ; T
144 1 6.96
Fig 2. Meta-analysis result of OS.
doi:10.1371/journal.pone.0151988.g002
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study

radiation pneumonitis
Sejpa S 2011
McCloskey

Rehman S

Maoh JM 2015

Subtotal {l-squared = 0.0%, p= [].481}<:>

radiation esophagitis
Gomez D 2011
Sejpa 5 2011
Gomez DR 2012
Moh 2015

Subtotal (l-squared = 38.8%, p=0.179)

Owerall {l-squared = 88.1%, p = 0.000)

%
RR (95% Cl)  Weight

_ wm

0.53 (0.40, 0.86)22.52
0.76 (047, 1.21018.23

—_—

—

ol

0.72 (0.34, 1.55)%6.54
0.74 (0.59, 0.93)66.86

(
(
0.91 (0.61, 1.35119.51
(
(

}--J

1.92 (1.33, 2.78)14.74
, 2.50 (1.42, 4 40)6.65
——=%—> 355 (2.32, 5.44)8.88
. 1.89 (0.77, 4.67)2.86
s, 247 (1.95, 3.1433.14

1.31 (1.12, 1.541100.00

I
184
experiment reduce AE  experiment increase AE

I
1 544

Fig 3. Meta-analysis result of radiation pneumonitis and radiation esophagitis.

doi:10.1371/journal.pone.0151988.g003

pneumonitis by 27% (RR = 0.74, P = 0.009). The heterogeneity test, sensitivity analysis, funnel
plot and Egger’s test all indicated that the main results were robust and that no significant pub-
lication bias existed (P<0.05). Another study [29] did not provide details on the number of
cases of radiation pneumonitis, and thus it was not included in our meta-analysis. That study
observed a significantly lower incidence of grade 2 pneumonitis in the IMRT group compared
to the 3DCRT group (2.5% versus 4.5%, P < .0001). Even after dose escalation, the incidence of
grade 2 pneumonitis was significantly lower in the IMRT group than in the 3DCRT group
(5.5% versus 6.8%, P < .0001).

Two other studies provided information on grade 3 radiation pneumonitis. Yom [30]
observed that the estimated rate of grade 3 radiation pneumonitis was 8% for IMRT patients,
compared with 32% for 3DCRT patients (P = 0.002). Liao [14] reported that IMRT also statisti-
cally significantly decreased the incidence of grade 3 radiation pneumonitis (HR = 0.33,

P =0.017), but that study did not provide details on the number of cases of radiation pneumo-
nitis. Two other studies reported the overall incidence of acute lung toxicity but did not provide
the rate of grade 2 radiation pneumonitis. Shervin [31] observed that the overall incidence of
acute lung toxicity within 8 months of treatment was 10.5% in the IMRT group and 7.8% in
the 3DCRT group (P = 0.12) using the narrow definition and 38.9% (IMRT) and 37.5%
(3DCRT) (P = 0.80) using the broad definition. Harris [15] performed multivariate analysis

PLOS ONE | DOI:10.1371/journal.pone.0151988 April 21,2016 10/15
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and demonstrated that IMRT was not associated with a significantly different risk of early pul-
monary toxicity (HR = 1.14, P = 0.23) or late pulmonary toxicity (HR = 1.22, P = 0.33). IMRT
reduces the incidence of radiation pneumonitis, primarily due to its dosimetric advantages in
radiotherapy planning [32], which expose larger volumes of normal tissue to low-dose radia-
tion. In most of the studies [14,29,30], the V20 and the mean doses to normal lung tissue were
reduced or were at least not higher than in the 3DCRT group, despite the large tumour vol-
umes. V5 increased, indicating that larger volumes of normal tissue were exposed to low-dose
radiation; however, V5 did not correlate with a higher incidence of radiation pneumonitis,
which indicated that V5 is not a decisional prognosis factor for radiation pneumonitis.
Radiation oesophagitis. In contrast to our expectations, we observed that the incidence of
acute oesophagus toxicity was significantly higher in the IMRT group than in the 3DCRT
group. IMRT generally reduces the incidence of radiation oesophagitis in addition to radiation

pneumonitis. However, we observed a higher incidence of radiation oesophagitis in the IMRT

group. Four studies with good concordance indicated a higher incidence of acute oesophagus
toxicity in the IMRT group than in the 3DCRT group. The pooled results were also significant.
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The number of studies indicating this phenomenon are limited, but several potential under-
lying factors can be proposed. (1) The spatial distribution of the oesophageal dose may have
been different for the IMRT group, specifically the cross-sectional anterior-posterior area and/
or superior-inferior location of the irradiated region. Thus, the oesophageal area may have
received more low-dose radiation [23]. (2) To ensure that the lung and spinal doses are lower
than the defined constraints, the oesophageal area may have received more radiation. Lievens
[29] observed that when the lung and spinal cord doses were lower than the defined con-
straints, the oesophageal dose increased significantly in parallel with the increase in the pre-
scribed dose. After dose escalation, acute or late oesophageal toxicity increased consistent with
the greater prescription dose. However, when the prescription dose was deescalated to conform
to the predefined oesophageal dose limits, the advantage of IMRT was lost. (3) The IMRT
group in general may have had large tumour volumes or more lymph node involvement, even
in some limited regions (such as the mediastina), and thus the oesophageal area may have
received a higher dose. Schwarz [33] found the oesophagus to be the dose-limiting structure in
IMRT planning.

However, we remain cautious because only 4 studies were included in this meta-analysis,
and we only estimated grade 3 oesophagitis. Three studies did not estimate grade 3 oesophagi-
tis and were not included in our meta-analysis. Shervin [31] calculated the overall incidence of
acute oesophagitis and HR. The overall incidence of acute oesophagitis was 44% in the IMRT
group and 42% in the 3DCRT group (P = 0.58), HR = 1.06 (P = 0.56). Harris [15] included
radiation oesophagitis in a study of upper gastrointestinal toxicity and observed no difference
in upper gastrointestinal toxicity between the IMRT and 3DCRT groups. Lievens [29] observed
that IMRT significantly decreased acute oesophagitis at low dose levels (p < .0001), but after
maximal dose escalation, late oesophageal tolerance increased significantly in parallel with the
prescribed dose (34.7% versus 17.3%, p < .0001) compared to 3DCRT.

Limitations

1. There were no randomized trials or cohort studies that compared IMRT and 3DCRT in the
treatment of NSCLC, and thus all studies were retrospective research. Although the authors
of the included studies controlled for demographic and clinical characteristics, the potential
for confounding by unmeasured attributes may also exist. Few original studies were
included in this meta-analysis model: 5 in the OS analysis, 4 in the radiation pneumonitis
analysis (including 2 abstracts) and 4 in the radiation oesophagitis analysis (1 was an
abstract). Despite several attempts, we were unable to obtain the full text of 3 abstracts
because they were published in supplements. In the five studies used for OS analysis, there
were no sufficient and accordant data to evaluate toxicity, and thus we searched additional
studies for toxicity analyses. In addition, radiation pneumonitis and oesophagitis were cate-
gorised in different grades in different original studies, complicating meta-analysis.

2. Except for OS, most of the studies did not analyse PFS or LRC; only one study [18] provided
information on PES. PFS is an important factor in tumour survival analysis; many clinical
trials have observed significant differences in PFS but not OS.

3. Most of the included studies did not perform sufficient subgroup analysis, particularly for
several important subgroups such as CCRT/SCRT, targeting therapy, and tumour size. Only
2 studies included CCRT. Two other studies [15,16] included CCRT and SCRT but did not
evaluate the HR.
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4. In Harris’s study [15], the radiotherapy course length ranged from 3 to 9 weeks, which was
too long a course and may have influenced the results for OS. The doses in other studies
were generally between 50 and 70 Gy, with a mean of 60 to 65Gy, and had better
concordance.

Implications for clinicians and policymakers

Because of the limited number and design types of the original studies, we remain cautious
about the superiority of IMRT to 3DCRT in OS and radiation pneumonitis the inferiority of
IMRT to 3DCRT in radiation oesophagitis until further high-level Cochrane evidence becomes
available, particularly randomized trials. However, our study makes unique contributes to the
literature by documenting that IMRT is not inferior to 3DCRT in OS and has advantages in
reducing radiation pneumonitis, particularly in patients with a larger extent of disease, such as
lymph node metastasis. In addition, IMRT may increase the incidence of radiation
oesophagitis.

With growing pressure on health insurance providers, the high cost of IMRT for lung cancer
treatment could be a considerable financial burden [34-36]. The cost of IMRT is much higher
than 3DCRT. In some areas, such as Korea, national health insurance systems do not reim-
burse patients for IMRT. In poverty-stricken zones, the use of IMRT will impose a significant
burden and may influence follow-up treatments after radiation.

Therefore, careful and reasonable decision-making becomes a crucially important issue for
the optimal utilization of current technologies and resources. In practice, we should make deci-
sions based on the patient’s condition. For patients with a larger disease extent or more lymph
node involvement, we might choose IMRT.

Implications for future research

Future studies should, as much as possible, adopt cohort studies or randomized trials and con-
trol for confounding factors, particularly the radiotherapy dose, CCRT/SCRT, chemotherapy
agents, and targeting therapies, and include simultaneous analyses of PFS and LRC and toxicity
assessments. Toxicity assessments should include all grades of radiation pneumonitis or oeso-
phagitis to calculate the HR of toxicity.

Conclusions

Our meta-analysis determined that IMRT is not inferior to 3DCRT in the OS of NSCLC but,
although it has advantages in reducing the incidence of radiation pneumonitis, increases the
incidence of radiation oesophagitis, although the number of original studies was limited. The
decision to use IMRT for the treatment of NSCLC should be based on the patient’s condition.

Future studies, particularly randomized trials, are needed to demonstrate superior outcomes of
IMRT compared to 3DCRT in the treatment of NSCLC.

Supporting Information

S1 Table. PRISMA 2009 ChecKklist for this article.
(DOC)

Acknowledgments

Thank for Ronggiang Pan of Department of Oncology in Nanchong Central Hospital for tech-
nique directions in radiotherapy.

PLOS ONE | DOI:10.1371/journal.pone.0151988 April 21,2016 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151988.s001

@’PLOS ‘ ONE

IMRT Compared to 3DCRT in NSCLC: Meta-Analysis

Author Contributions

Conceived and designed the experiments: XSH. Performed the experiments: XSH KP SMW
XQF. Analyzed the data: WWH KP SMW XQF. Contributed reagents/materials/analysis tools:
XSH XF YSL. Wrote the paper: XSH WWH SMW XQF.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics, 2007. CA Cancer J Clin 2007;
57:43-66. PMID: 17237035

Wagner H. Image-guided conformal radiation therapy planning and delivery for non-small-cell lung can-
cer. Cancer Control 2003; 10:277-288. PMID: 12915806

Nutting CM, Corbishley CM, Sanchez-Nieto B, Cosgrove VP, Webb S, Dearnaley DP. Potential
improvements in the therapeutic ratio of prostate cancer irradiation: Dose escalation of pathologically
identified tumour nodules using intensity modulated radiotherapy. Br J Radiol 2002; 75: 151-161.
PMID: 11893639

Murshed H, Liu HH, Liao Z, Barker JL, Wang X, Tucker SL, et al. Dose and volume reduction for normal
lung using intensity-modulated radiotherapy for advanced stage non-small-cell lung cancer. Int J Radiat
Oncol Biol Phys 2004; 58: 1258—-1267. PMID: 15001271

Liu HH, Wang X, Dong L, Wu Q, Liao Z, Stevens CW, et al. Feasibility of sparing lung and other thoracic
structures with intensity-modulated radiotherapy for non-small-cell lung cancer. Int J Radiat Oncol Biol
Phys 2004; 58: 1268-1279. PMID: 15001272

Bauman G, Rumble RB, Chen J, Loblaw A, Warde P. Intensity-modulated radiotherapy in the treatment
of prostate cancer. Clin Oncol (R Coll Radiol) 2012; 24: 461-473.

Marta GN, Silva V, Andrade Carvalho H, de Arruda FF, Hanna SA, Gadia R, et al. Intensity-modulated
radiation therapy for head and neck cancer: systematic review and meta-analysis. Radiother Oncol.
2014, 10(1):9-15.

Schwarz M, Van der Geer J, Van Herk M, Lebesque JV, Mijnheer BJ, Damen EM. Impact of geometrical
uncertainties on 3D CRT and IMRT dose distributions for lung cancer treatment. Int J Radiat Oncol Biol
Phys 2006; 65:1260-1269. PMID: 16798418

Court LE, Wagar M, lonascu D, Berbeco R, Chin L. Management of the interplay effect when using
dynamic MLC sequences to treat moving targets. Med Phys 2008; 35: 1926—-1931. PMID: 18561668

Altman DG, Tetzlaff J, Mulrow C, Mulrow C, Ggtzsche PC, loannidis JP, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. BMJ 2009; 339: b2700. doi: 10.1136/bmj.nb2700 PMID: 19622552

Stang A. Critical evaluation of the Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domized studies in meta-analyses. Eur J Epidemiol, 2010, 25(9): 603—-605. doi: 10.1007/s10654-010-
9491-z PMID: 20652370

Higgins JPT, Green S. Cochrane Handbook for Systematic Review of Intervention Version 5.1.0
[updated March 2011]. The Cochrane Collaboration, 2011. Available: http://www.Cochrane-hand.book.
org.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical
test. BMJ. 1997; 315 (7109):629-634. PMID: 9310563

Liao ZX, Komaki RR, Thames HD Jr, Liu HH, Tucker SL, Mohan R, et al. Influence of technologic
advances on outcomes in patients with unresectable, locally advanced non-small-cell lung cancer
receiving concomitant chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2010; 76 (3):775-781 doi: 10.
1016/j.ijrobp.2009.02.032 PMID: 19515503

Harris JP, Murphy JD, Hanlon AL, Le QT, Loo BW Jr, Diehn M. A population-based comparative effec-
tiveness study of radiation therapy techniques in stage Ill non-small cell lung cancer.Int J Radiat Oncol
Biol Phys. 2014 15; 88 (4):872—884. doi: 10.1016/j.ijrobp.2013.12.010 PMID: 24495591

Hsia TC, Tu CY, Chen HJ, Chen SC, Liang JA, Chen CY, et al. A population-based study of primary
chemoradiotherapy in clinical stage Il non-small cell lung cancer: intensity-modulated radiotherapy ver-
sus 3D conformal radiotherapy. Anticancer Res. 2014; 34(9):5175-5180. PMID: 25202111

Chen AB, Li L, Cronin A, Schrag D. Comparative effectiveness of intensity-modulated versus 3D con-
formal radiation therapy among medicare patients with stage Il lung cancer. J Thorac Oncol. 2014; 9
(12):1788—1795. doi: 10.1097/JTO.0000000000000331 PMID: 25226428

Noh JM, Kim JM, Ahn YC, Pyo H, Kim B, Oh D, et al. Effect of Radiation Therapy Techniques on Out-
come in N3-positive I1IB Non-Small Cell Lung Cancer Treated with Concurrent Chemoradiotherapy.
Cancer Res Treat. 2015, 12.[Epub ahead of print]

PLOS ONE | DOI:10.1371/journal.pone.0151988 April 21,2016 14/15


http://www.ncbi.nlm.nih.gov/pubmed/17237035
http://www.ncbi.nlm.nih.gov/pubmed/12915806
http://www.ncbi.nlm.nih.gov/pubmed/11893639
http://www.ncbi.nlm.nih.gov/pubmed/15001271
http://www.ncbi.nlm.nih.gov/pubmed/15001272
http://www.ncbi.nlm.nih.gov/pubmed/16798418
http://www.ncbi.nlm.nih.gov/pubmed/18561668
http://dx.doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
http://dx.doi.org/10.1007/s10654-010-9491-z
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://www.Cochrane-hand.book.org
http://www.Cochrane-hand.book.org
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.1016/j.ijrobp.2009.02.032
http://dx.doi.org/10.1016/j.ijrobp.2009.02.032
http://www.ncbi.nlm.nih.gov/pubmed/19515503
http://dx.doi.org/10.1016/j.ijrobp.2013.12.010
http://www.ncbi.nlm.nih.gov/pubmed/24495591
http://www.ncbi.nlm.nih.gov/pubmed/25202111
http://dx.doi.org/10.1097/JTO.0000000000000331
http://www.ncbi.nlm.nih.gov/pubmed/25226428

@’PLOS ‘ ONE

IMRT Compared to 3DCRT in NSCLC: Meta-Analysis

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Sejpal S, Komaki R, Tsao A. Early findings on toxicity of proton beam therapy with concurrent chemo-
therapy for nonsmall cell lung cancer.Cancer. 2011 1; 117(13):3004-3013. doi: 10.1002/cncr.25848
PMID: 21264827

McCloskey PM, Atallah S, Coate L, Albert-Green A, Hope AJ, Cho J, et al. Comparison of 3D conformal
radiation therapy (3DCRT) and intensity modulated radiation therapy (IMRT) in stage Ill non-small cell
lung cancer (NSCLC) International Journal of Radiation Oncology Biology Physics 2012, 84:3
SUPPL.1(S597-S598).

Rehman S, Speirs CK, Molotievschi A, Mullen D, Fergus S, DeWees TA, et al. Evaluating a nomogram
for the development of radiation pneumonitis in locally advanced non-small cell lung cancer treated
with 3d and intensity modulated radiation therapy.International Journal of Radiation Oncology Biology
Physics 2014 90:1 SUPPL. 1(S161-S162).

Gomez D. Predictive dosimetric factors for high-grade esophagitis in patients treated for non-small cell
lung cancer (NSCLC) with definitive 3D conformal therapy (3D-CRT), intensity modulated radiation
therapy (IMRT), or proton beam therapy (PBT) Radiotherapy and Oncology 2011 99 SUPPL. 1(S210-).

Lopez Guerra JL, Gomez DR, Zhuang Y, Levy LB, Eapen G, Liu H, et al. Changes in pulmonary func-
tion after three-dimensional conformal radiotherapy, intensity-modulated radiotherapy, or proton beam
therapy for non-small-cell lung cancer.International Journal of Radiation Oncology Biology Physics
2012 83:4(e537—e543).

Wang S, Liao Z, Wei X, Liu HH, Tucker SL, Hu CS, et al. Analysis of clinical and dosimetric factors
associated with treatment-related pneumonitis (TRP) in patients with non-small-cell lung cancer
(NSCLC) treated with concurrent chemotherapy and three-dimensional conformal radiotherapy (3D-
CRT). Int J Radiat Oncol Biol Phys 2006; 66: 1399-1407. PMID: 16997503

Chui C, Yorke E, Hong L. The effects of intra-fraction organ motion on the delivery of intensity-modu-
lated field with a multileaf collimator. Med Phys 2003; 30: 1736—1746. PMID: 12906191

Bortfeld T, Jokivarsi K, Goitein M, Kung J, Jiang SB. Effects of intra-fraction motion on IMRT dose deliv-
ery: Statistical analysis and simulation. Phys Med Biol 2002; 47: 2203-2220. PMID: 12164582

Jiang SB, Pope C, Al Jarrah KM, Kung JH, Bortfeld T, Chen GT. An experimental investigation on intra-
fractional organ motion effects in lung IMRT treatments. Phys Med Biol 2003; 48: 1773—-1784. PMID:
12870582

Brenner DJ, Doll R, Goodhead DT, Hall EJ, Land CE, Little JB, et al. Cancer risks attributable to low
doses of ionizing radiation: Assessing what we really know. Proc Natl Acad Sci U S A 2003; 100:
13761-13766. PMID: 14610281

Lievens Y, Nulens A, Gaber MA, Defraene G, De Wever W, Stroobants S, et al. Intensity-modulated
radiotherapy for locally advanced non-small-cell lung cancer: A dose-escalation planning study.Interna-
tional Journal of Radiation Oncology Biology Physics 2011 80:1(306-313)

Yom SS, Liao Z, Liu HH, Tucker SL, Hu CS, Wei X, et al. Initial evaluation of treatment-related pneumo-
nitis in advanced-stage non-small-cell lung cancer patients treated with concurrent chemotherapy and
intensity-modulated radiotherapy. Int J Radiat Oncol Biol Phys. 2007 1; 68(1):94—102. PMID:
17321067

Shirvani SM, Jiang J, Gomez DR, Chang JY, Buchholz TA, Smith BD. Intensity modulated radiotherapy
for stage Ill non-small cell lung cancer in the United States: predictors of use and association with toxici-
ties. Lung Cancer. 2013; 82(2):252—259. doi: 10.1016/j.lungcan.2013.08.015 PMID: 24018022

Murshed H, Liu HH, Liao Z, Barker JL, Wang X, Tucker SL, et al. Dose and volume reduction for normal
lung using intensity-modulated radiotherapy for advanced-stage non-small-cell lung cancer. Int J
Radiat Oncol Biol Phys 2004; 58: 1258—1267. PMID: 15001271

Schwarz M, Alber M, Lebesque JV, Mijnheer BJ, Damen EM. Dose heterogeneity in the target volume
and IMRT to escalated the dose in the treatment of NSCLC. Int J Radiat Oncol Biol Phys 2005; 62:
561-570. PMID: 15890601

Chino F, Peppercorn J, Taylor DH Jr, Lu Y, Samsa G, Abernethy AP, et al. Self-reported financial bur-
den and satisfaction with care among patients with cancer. Oncologist. 2014; 19: 414—420. doi: 10.
1634/theoncologist.2013-0374 PMID: 24668333

Zafar SY, Peppercorn JM, Schrag D, Taylor DH, Goetzinger AM, Zhong X, et al. The financial toxicity of
cancer treatment: a pilot study assessing out-of-pocket expenses and the insured cancer patient's
experience. Oncologist. 2013; 18: 381-390. doi: 10.1634/theoncologist.2012-0279 PMID: 23442307

Paliwal BR, Brezovich IA, Hendee WR. IMRT may be used to excess because of its higher reimburse-
ment from medicare. Med Phys 2004; 31:1-3. PMID: 14761013

PLOS ONE | DOI:10.1371/journal.pone.0151988 April 21,2016 15/15


http://dx.doi.org/10.1002/cncr.25848
http://www.ncbi.nlm.nih.gov/pubmed/21264827
http://www.ncbi.nlm.nih.gov/pubmed/16997503
http://www.ncbi.nlm.nih.gov/pubmed/12906191
http://www.ncbi.nlm.nih.gov/pubmed/12164582
http://www.ncbi.nlm.nih.gov/pubmed/12870582
http://www.ncbi.nlm.nih.gov/pubmed/14610281
http://www.ncbi.nlm.nih.gov/pubmed/17321067
http://dx.doi.org/10.1016/j.lungcan.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/24018022
http://www.ncbi.nlm.nih.gov/pubmed/15001271
http://www.ncbi.nlm.nih.gov/pubmed/15890601
http://dx.doi.org/10.1634/theoncologist.2013-0374
http://dx.doi.org/10.1634/theoncologist.2013-0374
http://www.ncbi.nlm.nih.gov/pubmed/24668333
http://dx.doi.org/10.1634/theoncologist.2012-0279
http://www.ncbi.nlm.nih.gov/pubmed/23442307
http://www.ncbi.nlm.nih.gov/pubmed/14761013

