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Abstract

Background: Radiation or radiochemotherapy is a common adjuvant therapy for gastric cancer. Intensity-
modulated radiation therapy (IMRT) has been demonstrated to provide better dose conformity, allowing dose
escalation and/or reduction of normal tissue exposure compared with three-dimensional conformal radiation
treatment (3D-CRT). However, the efficacy of IMRT and 3D-CRT in gastric cancer remains controversial. This study
aimed to compare the efficacy and safety of IMRT with those of 3D-CRT in treating patients with gastric cancer
through conducting a meta-analysis of 3-year survival rates [overall survival (OS) and disease-free survival (DFS)],
local control rates, and toxic event rates.

Methods: Embase, PubMed, the Cochrane Library, and clinical trial databases were searched to identify the clinical
trials of IMRT versus 3D-CRT for treating patients with gastric cancer. The obtained data of survival and safety were
analyzed using the Stata 14.0 software.

Results: A total of 9 controlled clinical studies, including 516 patients with gastric cancer, met the inclusion criteria
and were included in this meta-analysis. The results of the meta-analysis showed that the 3-year OS rate was
slightly higher in the IMRT group than in the 3D-CRT group, without any statistical significance. The 3-year local
control rate was significantly higher in the IMRT group than in the 3D-CRT group. No significant difference in the
3-year DFS rate was found between the IMRT and 3D-CRT groups. Grade 2-4 toxicities were similar between the
IMRT and 3D-CRT groups.

Conclusion: The findings suggested that IMRT might be superior to 3D-CRT in treating patients with gastric cancer
in terms of local control rates without increasing toxicity.
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Background

Gastric cancer is a major cause of cancer-associated
mortality worldwide [1]. Nearly half of the worldwide
gastric cancer cases and deaths occur in China [1, 2].
As reported by the GLOBOCAN 2012, approximately
one million new gastric cancer cases and more than
700,000 cancer-related deaths occurred globally in
2012 [3]. The treatment strategy for gastric cancer is
still controversial [4]. Surgical resection is preferred
for patients without advanced-stage cancer [4]. On
the contrary, the benefits of surgical resection for
patients with locally advanced gastric cancer are
limited [5-8]. Perioperative strategies and adjuvant
therapies, such as chemotherapy, radiotherapy, che-
moradiotherapy, and targeted therapy, have been
used in clinical settings for years and proved to be
effective [4, 9-12].

Several clinical studies demonstrated that adjuvant
therapies administered after surgical resection pro-
longed the survival of patients with locally advanced
gastric cancer [4, 10, 11, 13-18]. Adjuvant therapy,
such as radiotherapy, significantly increased the sur-
vival of patients with gastric cancer and reduced the
risk of recurrence [15, 17]. However, the therapeutic
benefits were accompanied by increased adverse events or
toxicity [17, 19].

The  three-dimensional  conformal  radiation
(3D-CRT) and intensity-modulated radiation therapy
(IMRT) are gradually implemented in clinical studies
to reduce radiation-related toxicity without the loss
of treatment effectiveness. A previous study showed
significant grade 3 toxicity in patients with resected gastric
or gastroesophageal junction cancers treated with 3D-
planned CRT [20]. In recent years, several clinical trials
have been performed to evaluate clinical outcomes and
toxicity in patients with resected gastric cancer treated
with IMRT versus 3D-CRT [21-28]. Minn et al. [29] com-
pared the clinical efficacy and adverse events in patients
with gastric cancer who received IMRT versus 3D-CRT.
They did not find a significant difference between these
two groups in terms of 2-year overall survival (OS)
rate (P =0.5). Whether IMRT was associated with re-
duced toxicity compared with 3D-CRT was explored
by Liu et al. [26] who recruited 24 patients with stage
IB-1IIB gastric cancer: 12 in the 3D-CRT group and
12 in the IMRT group. No significant differences in
the OS and disease-free survival (DFS) rates were observed
between 3D-CRT and IMRT, while similar toxicity
was observed in these two groups. Due to the smaller
sample size and nonsignificant differences observed in
the aforementioned studies, this meta-analysis was
performed to explore whether IMRT was more effective
and safe compared with 3D-CRT in treating patients with
gastric cancer.
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Method

Search strategy

The electronic databases, including PubMed, Embase,
and the Cochrane Library, were systematically searched
using the following key words: gastric cancer, gastric carcin-
oma, stomach cancer, intensity-modulated radiotherapy,
intensity-modulated radiation therapy, three-dimensional
conformal radiation therapy, three-dimensional conformal
radiotherapy, 3-dimensional conformal radiation ther-
apy, IMRT, and 3D-CRT. The languages of the included
studies were limited to English and/or Chinese. Rele-
vant studies were manually retrieved if necessary. The
details of the search strategy in PubMed are shown in
Additional file 5: Data S1.

Inclusion and exclusion criteria

Inclusion criteria

The study eligibility criteria were as follows: (1) patients
diagnosed with gastric cancer; (2) two comparison groups,
one group receiving IMRT and the other group receiving
3D-CRT; and (3) follow-up time: >6 months.

The report eligibility criteria were as follows: (1) out-
comes including OS, DFS, and toxicity; (2) randomized
controlled trials (RCTs) or observational study; (3)
language limited to Chinese and/or English; (4) study
sample size more than 15 cases; and (5) published stud-
ies and meeting abstracts.

Exclusion criteria

The exclusion criteria were as follows: (1) review, case
report, abstracts, and lectures; (2) patients lacking pre-
cise clinical diagnosis; (3) incorrect data or incomplete
data that could not be extracted from other relevant
data; and (4) repeated published studies. The studies
were selected according to the inclusion and exclusion
criteria, and the data were extracted from the context of
the studied reports.

Data extraction and quality assessment

Two independent investigators (FR and YZ) extracted
the following essential information using a predesigned
data extraction table that involved (1) general informa-
tion, including the title, author, date of publication, and
source of the study; (2) research characteristics, includ-
ing general information regarding patients and interven-
tions; and (3) survival rates, relapse rates, and toxicity in
each group. The indicators of radiotherapy included
PTV dose distribution, uniformity index (HI), average
dose of normal liver (Dpean), and average dose of
kidneys (Dpean)- Discrepancies were discussed by these
two reviewers. A third reviewer (YC) was consulted if
any disagreement occurred. Inquiries to the original re-
searchers were performed to collect additional or miss-
ing information.
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The methodological quality of the studies was evalu-
ated according to the quality evaluation criteria of RCTs
detailed in the Cochrane System Reviewer’s Manual 5:
(1) generation of random sequences; (2) allocation hid-
ing; (3) blinding; (4) lost to follow-up and exiting; (5)
selective reporting; and (6) other selective biases.

The study quality was assessed using the Newcastle—
Ottawa scale (NOS). An NOS score>7 indicated high-
quality studies [30, 31].

Statistical analysis

This meta-analysis was performed using the Stata
14.0 software (Stata Corp LLC). Appropriate statis-
tical methods were used to analyze the differences in
effectiveness and safety between the IMRT and
3D-CRT groups. The heterogeneity between the in-
cluded studies was analyzed using the I* test. If no
heterogeneity was observed within studies (P > 0.1
and I*% <50%), the fixed-effects model was applied
for the analysis. Otherwise, the source of heterogeneity
was detected using subgroup and meta-regression ana-
lyses. If statistical heterogeneity existed between studies
without clinical heterogeneity, or if the difference was
not clinically significant, the random-effects model
was used for the analysis. The sensitivity analysis was
applied to examine the stability of the meta-analysis
results. Publication bias was assessed using funnel
plots and Begg’s and Egger’s regression asymmetry
tests [32, 33]. The risk ratio (RR) was used to present
the dichotomous data, and the confidence interval
(CI) was set to 95%. A difference with P value <0.05
was considered statistically significant.

Results

Results of literature research

A total of 168 studies were identified after compre-
hensively searching relevant databases and other
sources. Twelve studies were excluded due to duplica-
tion. After reviewing the titles and abstracts, 119
studies were excluded for multiple reasons. Further,
28 additional studies that did not meet the inclusion
criteria were excluded after reviewing full texts. Fi-
nally, two RCTs, one prospective study, and 6 retro-
spective studies [12, 22, 23, 25, 26, 29, 34-36],
involving 516 patients, were included in this meta-
analysis. Of these, eight trials [12, 22, 23, 25, 26, 29,
34, 36] compared the efficacy and toxicity of IMRT
versus 3D-CRT in patients with resected gastric can-
cer. Two RCTs [22, 25] evaluated the efficacy and
toxicity of postoperative IMRT versus 3D-CRT. The
basic characteristics of the included studies are shown
in Table 1, and the trial selection process is presented
in Fig. 1.
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General information and characteristics of the included
studies

Patients and interventions

A total of 516 patients with gastric cancer participated
in the eligible clinical trials. The IMRT group and the
3D-CRT group involved 236 and 239 patients, respect-
ively. The age of all included patients ranged from 23 to
83 years. Most of the patients underwent surgical resec-
tion of gastric cancer. This radiotherapy was performed
by clinical radiation oncologists, physicists, and techni-
cians. The definitions and details of radiation fields
were different among the included studies. A variety of
radiation doses of IMRT and 3D-CRT were used in the
studies for treating gastric cancer. The duration of radi-
ation ranged from 5 to 6 weeks. Traditional supportive
treatments and/or adjuvant chemotherapy were used
for patients during radiotherapy in some studies. The
baseline characteristics of the eligible studies are listed
in Table 1.

Quality assessment of included studies

The overall methodological quality of all included studies
was high. Two RCTs [22, 25] used random allocation
hiding, and all reported cases lost to the follow-up. The
quality assessment of the included studies is shown in
Additional file 6: Table S1 and Additional file 7: Table S2.

Effectiveness of interventions

Overall survival

Six studies, including 352 patients, compared the OS rate
of IMRT versus 3D-CRT in patients with gastric cancer.
The heterogeneity test results were P=0.942 and I* = 0%,
indicating a low risk of heterogeneity; the fixed-effects
model was then used. The forest plots of the meta-analysis
showed that patients with IMRT had a slightly better
3-year OS rate with an RR of 1.16, compared with patients
with 3D-CRT (95% CI, 0.98-1.36) (Fig. 2) despite no stat-
istical significance.

Two studies [12, 29] investigated the 2-year OS rate,
while one study [34] reported the 5-year OS rate in patients
with gastric cancer. The heterogeneity test results were
P = 042 and P% = 0%, showing no heterogeneity within
studies. The results of the meta-analysis indicated that
IMRT was associated with a significantly better 2-year OS
rate with a pooled RR of 2.49 (95% CI, 1.18-5.25; P = 0.02)
compared with 3D-CRT. The descriptive analysis of the
5-year OS rate was used due to the lack of enough data for
combined analysis. Boda-Heggemann et al. [34] reported
that the 5-year OS rate in the IMRT and 3D-CRT groups
was 0.47 (18/38) and 0.26 (7/27), respectively.

Disease-free survival
As shown in Fig. 3, 5 studies, including 302 patients with
gastric cancer, investigated the DFS rate after IMRT and



Page 4 of 9

(2019) 14:84

Ren et al. Radiation Oncology

JadUe) Jsuleby SjeuOolIRUIRIUIUOIUN DDJN) 19dURD U0 991WWO)) JUIOf UedLRWY DDrY ‘Apnis aAidadsold §4 ‘Apnis aA1dadsonal
SY ‘3|qejieA. 10U N ‘[IDBIN0ION|Y-G N4-G ‘[ELI] PI]|OJIUOD PIZIWIOPUERI DY ‘JUSWIESI} UOIIRIPRI [BLIOJUOD [BUOISUSWIP-931Y) |YD-J€ ‘Adeiayl uoneipel pajejnpow ANsusiul Yy ‘1daquinu j :uonelnaiqay

Awoidaseb Ja0Ued
O2IN) Al SY SUON S¢ 14 St 14 6¢ 6C [B101gNS 10 [e10} ouseb Al 9Bels  (z/-67) 5§ 9/eC  6C Ll0C [9€] 'H © 'Busg
JERIN=5)
104 SUON VN VN St Sy S¢ SC uondasal aAlleInd oLIseb Al 96eis  (85-1¢€) /i le/vs  SL Sloc [7] 1 ‘Buey
Awo1danseb J190Ued DAseb
Sd unedso 74 14 Sy Sty WN WN [301gNs O [e10)  P3133sal Aj213dwIod  (££-87) ¥S Sg/0€  SS 910C [5€1°g Y "ApooS
JERIN=0)

uonoun( jesbeydosa
Awoioaisedb  -onseb pue duiseb
Sy auigeidaded 14 St 974 974 14 9C [e301gns 4o [e10}  jewiixoid 10 dmseb  (7/-57) +§ 9l/se 1S SlOC [€2] S eadoyd

J90ued uonoun
Auwoansedb |eabeydosaonseb
sS4 dadd +N4-S S¢ SC 974 974 [T 8¢ [BI01GNS 1O |10} 10 duiseb 9/-5¢ [7/8€  S9 €10C [p€] r uuewabbap-epog

J91UeD UodUN|

|eabeydosaonsed
SY  4add +n4-S S¢ St 94 974 [T €¢ uondesal zd 10 dL1seb G/-S€ €7/(€ 09 600C [¢l]  uuewabbaH-epog
Awoanseb
|RIOIQNS O [P0} JEBII[:R)
Dlli-gl SY n4-s SC SC St 709 4 ¢L Awopensebobeydosy  duiseb gii-g| obess 9-95 9/8L  ¥¢ v10¢C (921 7 "4 n4-susD
Awoanseb J90Ued uonounf
|RI0IQNS 1O (P10} |eabeydosa0.ised
I11-1 SY4  dadd +n4-S S¢ SC 94 94 9¢ ¢ ‘Awoiansebobeydos] 10 o1seb  (€8-6¢) 85 6L/8¢ /S 0l0¢ [62] UUIN OqUNA 'Y
UOND3SSIP dpou
ydwiA| zg yum J190Ued Dseb
oli-gl - 1Dd - ddad +n4-s 8¢ 8¢ ¥0S ¥0S 89 a4 UoNdosal oAleINd DlilFgl 9bels  (€/-€0) 5§ 8¢/C8 00l 9l0¢ [c¢] Buep urx
L4D-QE LHNIHJO  14D-QE (AD) LNl (AD) 14D (3[ewa
(ODry) 9beis odA]  Adessyiowayd 4o uoldel4 UOBdRI{ JO 950F  JO 9500 -AE UIN IHNI Ul N AK12bing SN1eIS 9seas|q 9By /BN)XS N JB9A Joyiny

SaIPNis papn|dul JO SOiISle1deleyd auljoseyg L o|qer



Ren et al. Radiation Oncology (2019) 14:84

Page 5 of 9

—
£ . . .. . .
-g Records identified through database Additional records identified
5 searching through other sources
&= _ _
= (n=165) n=3)
=
D
=
o
— A 4
Records after duplicates removed
n=156)
on
=
g
5} v
5
«n Records screened Records excluded
(n=156) g n=119)
—
v
Full-text articles assessed Full-text articles excluded,
oy for eligibility > with reasons
=2 (n=37) (n=28)
B
=
A 4
- Studies included in
qualitative synthesis
n=9)
3 v
E
b Studies included in
5 quantitative synthesis
(meta-analysis)
n=9)
—
Fig. 1 Flow chart for identifying eligible clinical studies
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Fig. 2 Comprehensive analysis of the impact of IMRT versus 3D-CRT on the 3-year overall survival rate in patients with resected gastric cancer
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Fig. 3 A fixed-effects meta-analysis of the impact of postoperative IMRT versus 3D-CRT on the 3-year disease-free survival rate in patients with

3DCRT. The 3-year DES rate was similar in patients receiv-
ing IMRT and 3D-CRT, with no heterogeneity (P = 0.732;
P% = 0%). The administration of IMRT was not associated
with an improvement in the DFS rate (RR = 1.16;
95% CI, 0.95-1.43; P > 0.05). Boda-Heggemann et al.
[34] reported that the 5-year DFS rate in the IMRT
and 3D-CRT groups was 0.44 (17/38) and 0.22 (6/27),
respectively.

Loco-regional relapse rate

Four studies, including 218 patients, compared the
loco-regional recurrence (LRR) rate in patients with gas-
tric cancer after receiving IMRT versus 3D-CRT. The
meta-analysis results showed statistically significant differ-
ences between the groups (RR = 0.62; 95% CI, 0.39-0.98;
P < 0.05), indicating a decreased risk of 3-year LRR in the
IMRT group compared with the 3D-CRT group (Fig. 4).
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0.33(0.04,2.99) 9.58
0.62(0.39,0.98) 100.00

T
2

Favour IMRT

gastric cancer

T
4

Favour 3D-CRT

Fig. 4 A fixed-effects meta-analysis of the impact of postoperative IMRT versus 3D-CRT on the 3-year loco-regional recurrence in patients with
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Quality of life

Goody et al. [35] reported the changes in the quality of life
of patients with gastric cancer treated with IMRT versus
3D-CRT. The quality-of-life compliance ranged from 93%
at baseline to 70% after 4 weeks of the treatment.

Toxicity

An overview of the toxicities reported in included trials is
presented in Fig. 5. The validated definition of radiation-re-
lated toxicities was based mainly on the Radiation Therapy
Oncology Group or Common Toxicity Criteria scales in
these selected studies. Three studies [22, 35, 36] did not
show detailed toxicity data for analysis.

Liver dysfunction, gastrointestinal (GI) toxicity, and
kidney toxicity were reported in two studies, five
studies, and two studies, respectively (Fig. 5). No sig-
nificant differences in liver dysfunction, GI toxicity,
and kidney toxicity were found in patients receiving
postoperative IMRT compared with 3D-CRT. The RR
for liver dysfunction, GI toxicity, and kidney toxicity
was 0.5 (95% CI, 0.14-1.78), 1.04 (95% CI, 0.70-1.56),
and 0.89 (95% CI, 0.28-2.80), respectively (Fig. 5).

Sensitivity analysis

A sensitivity analysis of all the four meta-analyzed out-
comes (OS, DFS, LRR, and toxicity) was performed. Except
for LRR, all the pooled results of the other three
outcomes (OS, DFS, and toxicity) did not change
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significantly (Additional file 1: Figure S1, Additional file 2:
Figure S2, Additional file 3: Figure S3, Additional file 4:
Figure S4). The pooled LRR result changed after excluding
the study by Boda-Heggemann et al. [34], indicating that
this study weighted largely (66.75%).

Publication bias

The funnel plots and Egger’s and Begg’s tests were used
to detect any publication bias. No significant evidence of
publication bias in the meta-analysis of OS rate was
found (Egger’s test: P = 0.684; Begg'’s test: P = 0.707).

Discussion

This meta-analysis examined the impact of IMRT versus
3D-CRT in patients with resectable gastric cancer by
quantitatively summarizing the findings from nine differ-
ent trials. The results showed that the use of IMRT was
associated with a nearly 40% reduction in the risk of dis-
ease relapse and a 16% increase in the OS rate. More-
over, the risk of radiation-related toxicities was not
increased in IMRT compared with 3D-CRT. Taken to-
gether, IMRT seemed to be a promising alternative in
this clinical setting.

A meta-analysis [16] assessed the impact of radiother-
apy on both 3- and 5-year survival [overall survival (OS)
and disease-free survival (DFS)] rates in patients with re-
sectable gastric cancer by including 14 RCTs. The
pooled result showed that the addition of radiotherapy

Study %
ID RR (95% CI) Weight
liver dysfunction :
Fang, L. (2015) —o—:h— 0.50 (0.14, 1.78) 16.13
Gene-FuF. Liu (2014) : (Excluded) 0.00
Subtotal (-squared = %, p =.) Q:— 050 (0.14, 1.78) 16.13
i
al i
A Yuriko Minn (2010) —— 1.00 (0.66, 1.51) 46.78
Gene-FuF. Liu (2014) : 1.00 (0.07, 14.21) 269
Boda-Heggemann J (2013) E 0.71(0.11,4.74) 6.29
Chopra S (2015) —E- 1.92 (0.54,6.87) 822
Fang, L. (2015) : 0.50 (0.05, 5.17) 538
Subtotal (I-squared =0.0%, p = 0.831) <> 1.04(0.70, 1.56) 69.36
: !
Kindey Injury :
Gene-FuF. Liu (2014) : 3.00 (0.36, 24.92) 269
Boda-Heggemann J (2009) - 0.41(0.08, 2.07) 1183
Subtotal (I-squared = 53.5%, p = 0.143) -<E> 0.89(0.28, 2.80) 1452
1
Overall (l-squared = 0.0%, p = 0.686) <I> 0.93(0.64, 1.35) 100.00
T
!

I
2

Favour IMRT

Fig. 5 A fixed-effects meta-analysis of the impact of IMRT versus 3D-CRT on toxicity. Trials were grouped by study with respect to toxicity

I
4

Favour 3D-CRT
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after surgery improved the 3- (RR, 1.18; 95% CI, 1.01—
1.38) and 5-year OS and DFS rates (RR, 1.38; 95% CI,
1.18-1.61). IMRT was widely used in recent studies,
demonstrating promising efficacy and less toxicity.
Therefore, comparing the efficacy and toxicity of
IMRT with those of 3D-CRT in patients with gastric
cancer was necessary. The findings of this meta-analysis
indicated a significant improvement in patient’s outcomes
after IMRT compared with 3D-CRT. Notably, IMRT
significantly reduced the risk of loco-regional relapse,
indicating its high clinical efficacy and potential as
first-line adjuvant treatment for locally advanced or
high-risk gastric cancer.

Reducing radiation toxicity and improving treatment
compliance and quality of life of patients are serious is-
sues in clinical practice. This meta-analysis showed that
patients in the IMRT group did not experience increased
radiation-related side effects compared with those in the
3D-CRT group. Recent studies showed that IMRT had a
lower incidence of toxicity, especially grade 3 and 4 toxic-
ities, compared with 3D-CRT. Murthy et al. [37] showed
that IMRT was more advantageous than 3D-CRT in terms
of dose coverage and conformity. Ringash et al. [38] also
reported that the conformity and uniformity of IMRT
were better than those of 3D-CRT; it was better in redu-
cing the dose of liver radiation, thus decreasing liver
toxicity. In addition, Wei Gang et al. [39] also showed that
the radiation field distribution, homogeneity, and con-
formity of IMRT were superior to those of 3D-CRT in re-
ducing the normal tissue radiation dose. Wieland et al.
[40] showed that the radiation dose of the kidney and liver
was lower in the IMRT group than in the 3D-CRT group.
The results were consistent with those of previous IMRT
studies, which paved the way for IMRT as the stand-alone
radiotherapy treatment for gastric cancer.

Although a strict retrieving and analysis strategy was
used for a comprehensive meta-analysis, some limita-
tions should be highlighted. First, the included studies
had uneven quality and a limited number of participants;
some of them were retrospective studies, increasing the
risk of selective reporting bias. Second, the included
studies were limited to Chinese and English databases,
leading to language bias. Third, the heterogeneity of
IMRT or 3D-CRT in different studies led to clinical het-
erogeneity and reduced the statistical power. Fourth, the
survival data were not provided by different age and sta-
ging of patients with gastric cancer, particularly the
lymph node status after resection. Therefore, it was not
appropriate to analyze the impact of IMRT versus
3D-CRT on patient survival by age and tumor staging.
Finally, the detail and radiation fields of radiotherapy
varied among studies, leading to different toxicities and
efficacy. The radiation dose of IMRT was higher than
that of 3D-CRT in the study by Liu et al. [26], but severe
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toxicity was similar for the two. The present meta-analysis
also showed similar toxicity for IMRT and 3D-CRT, which
was consistent with previous findings. Despite the afore-
mentioned limitations, the findings of this meta-analysis
might guide adjuvant therapies for resected gastric cancer.

Conclusions

In summary, this meta-analysis showed that IMRT was as-
sociated with a slight increase in the 3-year OS rate and a
significant increase in the local control rate, without
affecting the DFS rate or increasing the clinical toxicity
rate, compared with 3D-CRT. Further studies, such as
more rigorous, high-quality RCTs, are required to validate
the effectiveness of IMRT in treating gastric cancer. More-
over, a dose-response curve for the radiation dose and
potential injuries at specific sites should be explored.
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