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Background: Intensity-modulated radiation therapy (IMRT) and volumetric-modulated arc
therapy (VMAT) are two of the main treatment techniques for cervical cancer. Whether either
technique significantly reduces irradiated volumes of organs at risk (OARs) remains controversial. The aim of this study was to explore which of these treatment paradigms is the superior
technique in cervical treatment, taking clinical outcomes and treatment efficiency from published
findings into consideration.
Materials and methods: PubMed, EMBASE, and Cochrane Library databases were utilized.
The average percent irradiated volumes of OAR were extracted from all included studies. Dual
arc results were extracted due to their superiority to single arc methods in terms of plan quality.
Standard mean deviations and 95% CIs were calculated for delivery time, monitor units, and
average percent irradiated volumes of OAR. Assessment of publication bias and sensitivity
analyses were performed. All statistical analyses were conducted using R 3.5.0 software.
Results: Eight studies were included in this meta-analysis. For irradiated volumes of OARs,
irradiated volume of rectum receiving 40 Gy (rectum V40) was significantly decreased in VMAT
compared with IMRT. However, no significant differences were observed between IMRT and
VMAT plans in bladder V40 or small bowel V40/V30. In addition, delivery times and monitor
units were significantly lower in the VMAT plan than in the IMRT plan.
Conclusion: Compared with IMRT, VMAT is significantly more protective for the rectum,
suggesting that it may be an optional therapy technique for patients with cervical cancer.
Keywords: VMAT, IMRT, cervical cancer, meta-analysis

Introduction
Cervical cancer is the fourth most common type of cancer in women after breast,
colorectal, and lung cancer and the seventh most common cancer overall.1 Radiotherapy
plays a crucial role in the treatment of cervical cancer. Three-dimensional conformal
radiation therapy is the most widely used treatment plan; however, it results in a
large volume of surrounding healthy tissues being irradiated, including the rectum,
bladder, small bowel, femoral heads, and other organs. According to multiple studies,2–6
intensity-modulated radiation therapy (IMRT) appears to reduce the radiation exposure
to organs at risk (OARs) compared with the three-dimensional conformal radiation
therapy technique for the treatment of various cancers.
Although there are significant benefits of using IMRT, disadvantages also exist.
IMRT requires multiple fixed-angle beams, and it may result in longer treatment delivery
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time and greater discomfort in patients.7 Furthermore, a large
number of monitor units (MUs) are applied during IMRT,
which may increase low-dose radiation received by surrounding tissues, posing a greater risk for secondary radiationinduced malignancies.8
Volumetric-modulated arc therapy (VMAT), a new form
of IMRT, provides a dynamic multileaf collimator, one gantry
rotation, variable dose rate, and gantry speed.9 Several studies
have reported that compared with conventional IMRT,
VMAT conveys significant dose reduction to OARs,10–12
fewer MUs,2,10–12 and enhanced plan quality.13 Jia et al14 and
Zhai et al15 found that there were no significant differences
in the volume of irradiated OARs (small bowel, rectum, and
bladder) between IMRT and VMAT plans, whereas Cozzi
et al10 found that irradiated volumes of the rectum, bladder,
and small bowel were decreased statistically significantly in
VMAT plans. Sharfo et al13 found that compared with single
arc, dual arc VMAT planning resulted in reduced OAR dose
delivery. Due to differential design methods and small sample
sizes, results from these studies are inconsistent.
Therefore, we performed a meta-analysis to explore which
technique, IMRT or VMAT, is superior for the treatment of
cervical cancer and to provide clinical guidance for choosing
a suitable technique.

Materials and methods
Search strategy
PubMed, EMBASE, and Cochrane Library databases were
searched by two authors (WB, WY) with no restrictions on
years or status of publication. Language of publications was
limited to English. The date of the last search was May 2018.
The following keywords were used: “Uterine cervical
neoplasms,” “intensity modulated radiotherapy,” “IMRT,”
“volumetric modulated arc radiotherapy,” “VMAT,” and
“Rapid arc.” The following combinations of the keywords
were used: ([Uterine cervical neoplasms] AND [intensity
modulated radiotherapy OR IMRT]) AND (volumetric
modulated arc radiotherapy OR VMAT OR rapid arc).
Retrieval strategies were adjusted accordingly for different
databases and were confirmed many times after preretrieval
tests of the combination of subject words and free words.
To collect additional eligible studies, we also entered the
keywords into the Google Scholar search engine.

Selection criteria
Two independent reviewers (WB, YL) selected and assessed
data based on the following criteria: 1) Patients included in our
analysis must be diagnosed with cervical cancer; 2) Studies
describing IMRT and VMAT plans were included unless
7180
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they were combined with other treatments, at which point
they were not considered. Target volumes with simultaneous
integrated boost were excluded; 3) Studies were included if
they provided any of the following information: MUs, delivery time, dose-volume histograms to rectum, bladder, and
small bowel; and 4) Case reports, conference abstracts, review
articles, and studies regarding recurrences were excluded.

Data extraction
Data extraction was performed independently by two
reviewers (WB, WH). Disagreements were solved by discussion and if necessary, another reviewer participated to
reach a consensus. The following data were extracted from
the included studies: 1) Basic characteristics, including first
author’s last name, publication year, country, title, sample
size, and prescribed dose of IMRT and VMAT and 2) Data
for delivery time, MUs, average percent irradiated volumes of
OAR (rectum, bladder, and small bowel), and SD at various
radiation doses in dose-volume histograms. These doses were
selected based on information included in all studies reported,
and all doses mentioned in the articles were extracted.
The detailed principle was as follows: if the prescribed
dose in the study was 50 Gy, the radiation doses of different
organs were under 50 Gy, so we only extracted data for
radiation doses ,50 Gy. If the article provided data for both
single arc VMAT and dual arc VMAT, we only utilized
dual arc results because it has been shown that dual arc
VMAT is superior to single arc VMAT due to its superior
plan quality.13

Statistical analysis
Measurement data using standardized mean difference (SMD)
and 95% CIs were calculated. The SMD of irradiated volumes
of the rectum, bladder, and small bowel at various radiation
doses (30 and 40 Gy), delivery times, and MUs for IMRT
and VMAT was compared. I 2 was used to test heterogeneity
between studies. If heterogeneity was not present (I 2 ,50%),
a fixed effect model was applied for analysis; otherwise, a
random effect model was adopted. Funnel plots and Begg’s
rank correlation test were used to assess potential publication bias. Sensitivity analysis was performed to assess the
stability of the meta-analysis results. All statistical analyses
were performed using R 3.5.0 software (www.r-project.org).
P,0.05 was considered statistically significant.

Results
Literature search
A total of 976 articles were retrieved by the electronic search
after exclusion of duplications. Ultimately, eight full-text
OncoTargets and Therapy 2018:11
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Figure 1 Flow diagram of retrieved studies.

articles were included in this meta-analysis after screening
articles according to inclusion/exclusion criteria. A PRISMA
flow diagram of studies is shown in Figure 1.

radiochemotherapy, and one study12 reported that patients
received radical concurrent radiochemotherapy.

Comparison of IMRT and VMAT

Basic characteristics

For the dose to OAR, forest plots are shown only for rectum
V40, bladder V40, and small bowel V40/V30 because studies containing rectum and bladder V30 were few in number
(less than four studies). Forest plots show that rectum V40
(SMD=-0.27, 95% CI=-0.49, -0.05) was decreased in the
VMAT plan compared with the IMRT plan (Figure 2).

Basic characteristics, including the first author’s last name,
publication year, country, sample size, and other information, are summarized in Table 1. Three included studies7,11,17
reported data on postoperative cases, two studies11,17 reported
that patients received postoperative adjuvant concurrent
Table 1 Basic characteristics of included studies
Year

First author’s
last name

Country

Prescribed
dose

Sample size

OAR (level of the dose)

IMRT

VMAT

Rectum

Bladder

Small bowel

2008
2013
2014
2016
2016
2017
2018
2018

Cozzi
Zhai
Jia
Qiao
Guy
Deng
Yoshihiro
Guo

Switzerland
China
China
China
France
China
Japan
China

52.5
56
50
50
50
45
50.4
45

8
12
9
15
10
15
11
84

8
12
9
15
10
15
11
84

V40
V30, V40
V40
V30, V40
V40
V40
V40
V30, V40

V40
V30, V40
V40
V30, V40
V40
V40
V40
V30, V40

V40
V30, V40
V40
V30, V40
V40
V30, V40
V40
V30, V40

MUs

Delivery
time

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

No
Yes
Yes
Yes
Yes
Yes
No
Yes

Note: The dose to the OAR is presented as the percentage volume (V) of the organ receiving n dose in gray (Vn).
Abbreviations: IMRT, intensity-modulated radiation therapy; MU, monitor unit; OAR, organs at risk; VMAT, volumetric-modulated arc therapy.
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Figure 2 Comparison of irradiated volumes of OARs between IMRT and VMAT.
Notes: (A) Rectum V40; (B) Bladder V40; (C) Small bowel V30; (D) Small bowel V40.
Abbreviations: IMRT, intensity-modulated radiation therapy; OAR, organs at risk; VMAT, volumetric-modulated arc therapy.

However, there were no statistical differences between the
IMRT and VMAT plans in bladder V40 or small bowel V40/
V30 (Figure 2). In addition, delivery time (SMD=-10.11,
95% CI=-14.26, -5.96) and MUs (SMD=-9.52, 95% CI=14.35, -4.69) were significantly lower in the VMAT plan
than in the IMRT plan (Figure 3).
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Publication bias and sensitivity analysis
Funnel plots for irradiated volumes of different organs,
delivery time, and MUs are shown in Figure 4. Included
studies in the funnel plots were symmetrically distributed,
and Begg’s test was employed to assess publication bias,
with all the P-values .0.05. There was no publication bias
OncoTargets and Therapy 2018:11
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Figure 3 Comparison of the treatment efficiency between IMRT and VMAT.
Abbreviations: IMRT, intensity-modulated radiation therapy; MUs, monitor units; OAR, organs at risk; VMAT, volumetric-modulated arc therapy.

for any of these indicators. In addition, sensitivity analyses
were conducted, and the results are shown in Figure 5.
We found that only the results for rectum V40 (Figure 5A)
may not be stable.

Discussion
To the best of our knowledge, this is the first meta-analysis
combining multicenter results to explore dosimetric differences between VMAT and IMRT plans for treating cervical
cancer. Our results showed that the VMAT plan reduces the
volume of irradiated rectum and provides better treatment
efficiency.
The rectum is an important OAR in cervical cancer. Cozzi
et al,10 Qiao et al,11 and Guo et al12 reported that the V40
was lower in VMAT compared with IMRT, whereas other
included studies found that there were no significant reductions in average percent volume of rectum irradiated at 40 Gy
between the two plans. Although sensitivity analysis in our
study indicated that rectum V40 results (Figure 5) may not be
stable due to the study conducted by Guo et al,12 we maintain
that compared with IMRT, VMAT is much more protective
for the rectum because sample size of the study conducted
by Guo et al12 was large enough. These inconsistent results
may arise from small sample sizes and plan methods. Our
meta-analysis indicated that rectum V40 (SMD=-0.27, 95%
OncoTargets and Therapy 2018:11

CI=-0.49, -0.05) was significantly decreased in the VMAT
plan. Similar results were obtained among prostate cancer
patients.16 A meta-analysis16 reported that compared with the
IMRT plan, the VMAT plan reduced the volume of irradiated rectum at doses of 40, 60, and 70 Gy for the treatment
of prostate cancer. For the rectum, our study did not analyze
irradiation doses lower than 40 Gy because the number of
articles with these data was fewer than four.
Another important organ that should be protected in radiotherapy is the bladder. There were no significant dosimetric
differences observed in the bladder, which was also reported
in the treatment of prostate cancer at various doses by Ren
et al,16 and heterogeneity existed between included studies
in our meta-analysis (I 2=86%, P,0.01) due to small sample
sizes and plan strategies. These results indicate that the radiation volume of this organ at different doses may not be primarily influenced by different techniques but may be a result of
multiple factors, such as algorithm and beam angles.16
For the small bowel, we analyzed different doses (40 and
30 Gy) to compare dosimetric differences between IMRT and
VMAT plans. Zhai et al15 found that IMRT was superior to
VMAT, whereas other included studies found no differences.
After combining multicenter data, our meta-analysis showed
that there were no significant differences between these two
plans for this organ. We did not analyze irradiation doses
submit your manuscript | www.dovepress.com
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Figure 4 Funnel plots of irradiated volumes of OARs, delivery time, and MUs.
Notes: (A) Rectum V40; (B) Bladder V40; (C) Small bowel V30; (D) Small bowel V40; (E) delivery time; (F) MUs.
Abbreviations: MUs, monitor units; OAR, organs at risk.
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Figure 5 Sensitivity analyses of irradiated volumes of OARs, delivery time, and MUs.
Notes: (A) Rectum V40; (B) Bladder V40; (C) Small bowel V30; (D) Small bowel V40; (E) delivery time; (F) MUs.
Abbreviations: MUs, monitor units; OAR, organs at risk; SMD, standardized mean difference.

lower than 30 Gy because only three articles11,12,15 contained
V10 and V20 data.
This study also analyzed the treatment efficiency of
the IMRT and VMAT plans. Our meta-analysis indicated
that MUs (SMD=-9.52, 95% CI=-14.35, -4.69) were significantly reduced in the VMAT plan. Because there were
fewer MUs in the VMAT plan, it was clear that delivery time
(SMD=-10.11, 95% CI=-14.26 to -5.96) was shorter in the
VMAT plan than in the IMRT plan. Heterogeneous results
were observed in MUs and delivery time due to differential
planning strategies and algorithms, which were similar to
results reported by Ren et al.16 Despite this issue, we can
still conclude that VMAT provides better delivery efficiency
and conclude that this method is the superior recommended
method of treatment.
There were several limitations in this meta-analysis. First,
included studies were observational, which may not provide

OncoTargets and Therapy 2018:11

accurate findings; however, after synthesizing the results of
multicenter studies with small sample sizes, our meta-analysis
can still provide some value for comparing the advantages
between these two radiotherapy techniques. Second, there
were heterogeneous results in our meta-analysis due to small
sample sizes and inevitable clinical heterogeneity, such as
incomplete information of disease status, different stages of
cervical cancer and gross tumor volume sizes, and different
interventions, such as planning strategies, optimization algorithms, contouring quality, and geometric expansion distances
to planning target volume. Sensitivity analysis revealed that
the results of irradiated volumes to the rectum were not stable.
Unfortunately, only one included study12 in this meta-analysis
listed data for acute and chronic complications, making it
difficult to assess individual patient data.
Consequently, to obtain more precise results and to
improve clinical decisions, studies with larger sample sizes
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and studies with sufficient documentation of the variety of
clinical heterogeneity using contouring methods with consensus and describing the toxicity of the two techniques with
longer follow-up are required.

Conclusion
Compared with IMRT, VMAT is significantly more protective for the rectum. Hence, VMAT may be an optional
therapeutic technique for cervical cancer.
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