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Abstract
Purpose—Large randomized trials have demonstrated significant survival benefits with the use
of adjuvant chemotherapy or chemoradiotherapy for gastric cancer. The importance of adjuvant
radiotherapy (RT) remains unclear. Here we perform an up-to-date meta-analysis of randomized
trials testing the use of radiotherapy for resectable gastric cancer.
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Methods—We searched MEDLINE, EMBASE, and the Cochrane Central Register of Controlled
Trials for randomized trials testing adjuvant (including neoadjuvant) RT for resectable gastric
cancer. Hazard ratios describing the impact of adjuvant RT on overall survival (OS) and disease-
free survival (DFS) were extracted directly from the original studies or calculated from survival
curves. Pooled estimates were obtained using the inverse variance method. Subgroup analyses
were performed to determine if the efficacy of RT varies with chemotherapy use, RT timing,
geographic region, type of nodal dissection performed, and lymph node status.

Results—Thirteen studies met all inclusion criteria and were used for this analysis. Adjuvant RT
was associated with a significant improvement in both OS (HR=0.78, 95% CI: 0.70 to 0.86,
p<0.001) and DFS (HR=0.71, 95% CI: 0.63 to 0.80, p<0.001). In the five studies that tested
adjuvant chemoradiotherapy against adjuvant chemotherapy, similar effects were seen for OS
(HR=0.83, 95% CI: 0.67 to 1.03, p=0.087) and DFS (HR=0.77, 95% CI: 0.91 to 0.65, p=0.002).
Available data did not reveal any subgroup of patients that does not benefit from adjuvant RT.

Conclusion—In randomized trials for resectable gastric cancer, adjuvant RT provides an
approximately 20% improvement in both DFS and OS. Available data do not reveal a subgroup of
patients that does not benefit from adjuvant RT. Further study is required to optimize the
implementation of adjuvant RT for gastric cancer with regards to patient selection and integration
with systemic therapy.
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INTRODUCTION
Gastric cancer is the fourth most common cancer worldwide, with approximately one
million new diagnoses each year.[1] For patients without disseminated disease, surgical
resection is the mainstay of therapy. Outcomes following resection are typically poor,
particularly in cases of locally-advanced disease. Adjuvant treatment strategies, including
chemotherapy, radiation therapy, and chemoradiotherapy, have been explored in numerous
clinical trials over the past four decades, and mixed results have been obtained.[2–5]

Two large, randomized trials have now demonstrated improvements in overall survival with
the addition of adjuvant (including neoadjuvant) therapy to surgical resection for locally-
advanced gastric cancer.[3,6] In the Intergroup 0116 Study, administration of postoperative
chemoradiotherapy following R0 resection prolonged median survival from 27 months to 35
months.[6] The MAGIC Trial subsequently demonstrated that the addition of perioperative
ECF chemotherapy to surgical resection for adenocarcinoma arising from the stomach,
lower esophagus, or GE junction also improves outcomes, with a 13% absolute increase in
5-year overall survival.[3]

Both postoperative chemoradiotherapy and perioperative chemotherapy are now accepted
adjuvant treatment strategies for locally-advanced gastric cancer. In other words, the benefit
of adding radiotherapy to adjuvant chemotherapy remains unclear. In this report, we perform
an up-to-date meta-analysis of randomized trials testing the use of radiotherapy for
resectable gastric cancer. We also explore whether subgroup analyses can provide sufficient
data to identify the patient subgroups that benefit the most from adjuvant radiotherapy.
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METHODS
Selection of studies

We reviewed MEDLINE citations on September 19, 2012 for the terms radiotherapy, gastric
cancer, and randomized. We also searched EMBASE and the Cochrane Central Register of
Controlled Trials for the same terms. A filter was used to limit the records obtained in the
Cochrane Register search to clinical trials. All abstracts obtained in these searches were
reviewed for applicability to this analysis. We only included studies in which patients with
gastric carcinoma were randomized to receive surgery with or without radiotherapy (RT).
RT could be delivered before, during, or after surgery. Chemotherapy could be administered
to patients on one or both study arms. When more than one publication was identified from
the same clinical trial, we used the most recent or complete report of that trial. Trials that did
not report overall survival (OS) and/or disease free survival (DFS) results were excluded, as
were manuscripts in languages other than English. Published meta-analyses related to this
topic were reviewed to assess the comprehensiveness of our search strategy.

Data Extraction and Clinical Endpoints
Data abstraction was conducted by the lead investigator (N.O) according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement.[7] For
each study, we extracted the following information: first author’s name, year of publication,
study location, study design (including RT timing and dosing and chemotherapy use),
number of patients randomized, rate of lymph node positivity, and rates of D0, D1, and D2
dissections. For the purposes of this analysis, nodal dissections less extensive than D1 have
been grouped as D0 dissections.

Hazard ratios (HRs) for OS and DFS were extracted directly from the original studies or
were estimated indirectly by reading off survival curves as suggested by Parmar and
colleagues.[8] Data extraction from survival curves and estimations of effect sizes were
performed using customized scripts in Matlab (The Mathworks, Natick, MA, U.S.A.). The
95% confidence interval (CI) for each HR was extracted directly from the original report if
available or estimated as described above.[8] HRs for OS and DFS were also extracted for
patient subgroups (eg: patients with nodal involvement) whenever possible.

Statistical Analysis
Meta-analyses were performed using the inverse variance method with a fixed effects
model. Separate analyses were performed for OS and DFS. In each case, the Cochran Q
statistic was used to assess statistical heterogeneity in effect sizes across trials. In all cases a
p-value greater than 0.10 was obtained, so use of a random effects model was deemed
unnecessary. Publication bias was evaluated visually with funnel plots and statistically as
described by Egger et al.[9] A two-tailed p-value of less than 0.10 was considered
statistically significant.

To explore potential interactions between patient characteristics and the efficacy of RT,
meta-analyses were also performed for patient subgroups. Variables that were examined
included study design (RT v. observation, chemoRT v. observation, or chemoRT v.
chemotherapy), study location, (East Asia v. other) RT timing (preoperative v.
postoperative), nodal status, and dissection type. Cochran’s Q test was used to test for
heterogeneous effect sizes and select between fixed and random effects models, as above.
Again, in each analysis a p-value greater that 0.10 was obtained, so results were reported
using fixed effects models. All statistical analyses were performed using customized scripts
in Matlab.

Ohri et al. Page 3

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
Trial Selection

Our initial searches yielded a total of 606 results (152 from MEDLINE, 388 from EMBASE,
and 66 from the Cochrane Central Register of Controlled Trials). After duplicate references
were excluded, there were 422 unique reports. After reviewing each abstract, 19 candidates
for meeting our eligibility criteria were identified. Careful examination of full manuscripts
led to the exclusion of six references: updated results from two trials were available in
separate publications[6,10], two papers were translations of a Chinese trial into non-English
languages[11,12], one study allowed the administration of RT to patients on the control
arm[13], and one manuscript described an ongoing trial but did not provide outcomes data.
[14] Thus, a total of 13 manuscripts were included in this meta-analysis with a cumulative
sample size of 2,811 patients.[4,5,15–25] (Figure 1)

Details regarding the 13 studies included in this analysis are summarized in Table 1. Five
trials tested adjuvant (including neoadjuvant) RT against observation, three compared
chemoradiotherapy to observation, and five tested chemoradiotherapy against adjuvant
chemotherapy. Overall survival data were available for 12 studies, and DFS data were
provided for seven trials. Five trials were conducted in East Asia, and the remaining eight
were performed in Western countries. RT was delivered postoperatively in nine trials,
preoperatively in three trials, and both preoperatively and intraoperatively in one trial.

Meta-Analysis Findings
Meta-analysis of the 12 trials that provided data on overall survival revealed that RT is
associated with a significant reduction in overall mortality (HR=0.78, 95% CI: 0.70 to 0.86,
p<0.001). These data are displayed in Figure 2, grouped by study design. Results in the
subset of trials testing adjuvant RT against observation (five trials, HR=0.77, 95% CI: 0.66
to 0.90, p=0.001) were similar to those seen in trials of chemoradiotherapy versus
observation (HR=0.75, 95% CI: 0.63 to 0.89, p<0.001). In the four studies testing adjuvant
chemoradiotherapy against adjuvant chemotherapy, there was a trend towards improved OS
with the use of combined modality therapy (HR=0.83, 95% CI: 0.67 to 1.03, p=0.087). For
all twelve studies, we found no evidence of publication bias using the Egger test (p≈1.000).

All of the seven trials that provided DFS data utilized chemotherapy in the experimental
arm. In total, the use of RT was associated with a significant improvement in DFS
(HR=0.71, 95% CI: 0.63 to 0.80, p<0.001, Figure 3). Significant DFS improvement was
seen in the two trials comparing chemoradiotherapy to observation (HR=0.66, 95% CI 0.55
to 0.78, p<0.001) as well as in the five trials comparing chemoradiotherapy to adjuvant
chemotherapy (HR=0.77, 95% CI: 0.91 to 0.65, p=0.002). The Egger test revealed no
evidence of publication bias (p=0.999).

The efficacy of adjuvant RT did not seem to vary with geographic region. Meta-analysis
combining the four East Asian trials that provided survival data revealed a significant
benefit with the use of RT (HR=0.76, 95% CI: 0.65 to 0.89, p<0.001). A nearly identical
effect on OS was seen in the eight Western studies (HR=0.79, 95% CI: 0.69 to 0.90,
p<0.001). Similar results were also seen when comparing DFS effects between East Asian
studies (HR=0.73, 95% CI: 0.61 to 0.88, p<0.001) and Western trials (HR=0.70, 95% CI:
0.60 to 0.82, p<0.001).

The timing of RT did not seem to influence study results. Meta-analysis including the four
preoperative RT trials (none of which included chemotherapy) revealed a significant
survival benefit to RT use (HR=0.76, 95% CI: 0.65 to 0.89, p<0.001). A similar effect was
seen in the eight postoperative RT trials for which survival data were available (HR=0.79,
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95% CI: 0.69 to 0.90, p<0.001). None of the trials in which RT was administered
preoperatively reported DFS.

We did not detect an interaction between the extent of nodal dissection performed and the
benefits of RT. The only randomized trial data describing survival results in patients who
underwent less than D1 dissection is from a subgroup analysis of the Intergroup 0116 study
that revealed a significant (HR=0.73, 95% CI: 0.56 to 0.95, p=0.021) benefit to
postoperative chemoradiotherapy. Similar hazard ratios were seen in trials and trial
subgroups in which patients underwent D1 dissections (OS HR=0.79, 95% CI: 0.62 to 1.01,
p=0.056) and D2 dissections (HR=0.83, 95% CI: 0.64 to 1.07, p=0.146), but these effect
sizes did not reach statistical significance (Figure 4). DFS data were not available for any
trials or trial subgroups in which D0 or D1 dissections were performed. In the three trials
that required D2 dissection and provided DFS data, RT use significantly improved disease
control (HR=0.76, 95% CI: 0.63 to 0.93, p=0.006). Of note, all three of these trials tested
adjuvant chemoradiotherapy against adjuvant chemotherapy alone, and all three were
performed in East Asia.

The final variable we examined was nodal status. The only data available for node negative
patients comes from a subgroup analysis of the Intergroup 0116 trial, in which 83 such
patients were randomized to receive chemoradiotherapy or observation, and adjuvant
treatment provided a nonsignificant improvement in OS (HR=0.77, 95% CI: 0.46 to 1.30,
p=0.333). Four studies reported OS data for node positive patients, and meta-analysis of
these subgroups revealed a significant benefit with the use of RT (HR=0.73, 95% CI: 0.62 to
0.86, p<0.001).

DISCUSSION
We have performed an up-to-date meta-analysis examining the impact of adjuvant RT for
resectable gastric carcinoma in randomized studies. Using data from 13 trials with a total of
nearly 3,000 patients, we found that the use of RT is associated with an approximately 20%
reduction in the risk of both disease relapse and death from any cause. Though some
subgroup analyses were limited by sample size, we were not able to identify a group of
patients that clearly does not benefit from adjuvant RT.

Two previous meta-analyses have investigated the efficacy of adjuvant RT for gastric
cancer.[26,27] Both evaluated mortality at five years, with reported odds ratios of 0.54 and
0.79 in favor of RT. Ours is the first meta-analysis on this topic to address survival as a
time-to-event outcome. This methodology provides more accurate results than analyses
using survival rates as specific time points.[28] Our findings are similar to those reported in
a recent study using the California Cancer Registry, where the use of RT was associated
with a 20% decrease in overall mortality.[29]

We were able to include several recent publications [4,5,22–25] in the present study, and we
have excluded one trial for patients with unresectable gastric cancer [30] that was included
in a previous meta-analysis.[26] The consideration of modern trial data on this topic is
critical, as previous meta-analyses have not included any studies that compared adjuvant
chemoradiotherapy to adjuvant chemotherapy.[26,27] This is the first meta-analysis that
attempts to quantify the impact of radiotherapy as a function of chemotherapy use, nodal
dissection type, and nodal status.

Unlike prior meta-analyses, we have studied DFS in addition to OS. As an exploratory
analysis, we generated a scatter plot comparing HRs for OS and DFS in the six studies that
provided data for both endpoints. (Figure 5) The best-fit line has a slope of 0.94 and an R2

value of 0.87, demonstrating a strong correlation between OS and DFS results. Further study
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with patient-level data will be required to determine if DFS is a statistically valid surrogate
endpoint for OS.[31]

Gastric cancer trial data are difficult to interpret, because disease behavior and management
varies significantly with geographic region.[32] Many argue, for example, that Western
studies demonstrating a benefit to adjuvant therapy do not apply to patients in East Asia,
where surgeons perform more extensive lymph node dissections and disease biology may
differ. We did not detect any variation in the efficacy of adjuvant RT in Asian countries
compared to other regions. While the impact of RT on OS did not reach statistical
significance in subgroups that received D1 or D2 dissections (Figure 4), PFS data strongly
favors the use of chemoRT over chemotherapy alone following a D2 dissection (3 trials,
HR=0.76, 95% CI: 0.63 to 0.93, p=0.006). Thus, we do not believe that recommendations
regarding adjuvant RT should be based on the extent of nodal dissection performed.

For several other gastrointestinal malignancies, preoperative chemoradiotherapy is preferred
over postoperative radiotherapy. In treating rectal cancer, preoperative chemoradiotherapy
has been shown to improve local control rate and decrease acute and late toxicities
compared to postoperative chemoradiotherapy.[33] For esophageal cancer, preoperative
chemoradiotherapy is used more frequently than postoperative chemoradiation. [34] In this
study, we did not detect a difference between the efficacy of preoperative and postoperative
RT for gastric cancer. Notably, none of the randomized trials testing preoperative RT
utilized chemotherapy, and most of them were completed over 20 years ago. Modern early-
phase studies of preoperative chemoradiotherapy for gastric cancer have yielded promising
results.[35–37] Further exploration of this treatment strategy is warranted.

In our clinical practice, we often struggle with the decision of whether we should
recommend perioperative chemotherapy or adjuvant chemoradiotherapy for resectable
gastric cancer. The findings of this meta-analysis suggest that the addition of RT to
chemotherapy improves DFS and may improve OS as well. These results were driven by
three East Asian studies.[23–25] In the ARTIST trial, it was noted that the DFS benefit only
reached statistical significance in the subgroup of patients with lymph node involvement
(86% of entire patient population).[24] The authors state that the follow-up trial (ARTIST
II) will be restricted to patients with nodal disease. The ongoing Dutch CRITICS trial and
multinational TOPGEAR study will provide additional data regarding chemoradiotherapy
versus chemotherapy for gastric cancer.

There are several limitations to this study that we must acknowledge. This meta-analysis
was performed using study-level data. Patient-level data, if available, might provide more
reliable findings. The subgroup analyses performed in this report were limited to the
published subset data from individual studies; individual patient data would allow more
robust subgroup analyses as well as multivariate regression. Although we did not detect any
statistical evidence of publication bias, that effect cannot be ruled out. We did not examine
the morbidity of adjuvant RT in this study, as we feel that toxicity data from randomized
trials have been reported inconsistently.

Conclusion
In randomized trials for resectable gastric cancer, adjuvant RT provides an approximately
20% improvement in both DFS and OS. Available data do not reveal a subgroup of patients
that does not benefit from adjuvant RT. Further study is required to optimize the
implementation of adjuvant RT for gastric cancer with regards to patient selection and
integration with systemic therapy.
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Figure 1.
Trial Selection. RCT – randomized controlled trial.
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Figure 2.
Fixed effects meta-analysis of the impact of adjuvant radiotherapy on overall survival. Trials
are grouped by study design with respect to chemotherapy use. Hazard ratios for each trial
are represented by the squares, the size of each square represents the weight of that trial in
the meta-analysis, and the horizontal line crossing the square represents the 95% confidence
interval (CI). The diamonds represent the estimated overall effect based on meta-analysis. *
- included intraoperative radiotherapy.
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Figure 3.
Fixed effects meta-analysis of the impact of adjuvant radiotherapy on disease-free survival.
Trials are grouped by study design with respect to chemotherapy use. Hazard ratios for each
trial are represented by the squares, the size of each square represents the weight of that trial
in the meta-analysis, and the horizontal line crossing the square represents the 95%
confidence interval (CI). The diamonds represent the estimated overall effect based on meta-
analysis.
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Figure 4.
Fixed effects meta-analysis of the impact of adjuvant radiotherapy on overall survival. Trials
are grouped by type of nodal dissection performed. Hazard ratios for each trial are
represented by the squares, the size of each square represents the weight of that trial in the
meta-analysis, and the horizontal line crossing the square represents the 95% confidence
interval (CI). The diamonds represent the estimated overall effect based on meta-analysis. *
- included intraoperative radiotherapy.
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Figure 5.
Scatter plot of OS hazard ratio against DFS hazard ratio for the six trials that provided data
for both endpoints. The best-fit line has a slope of 0.94 and an R2 value of 0.87, indicating a
strong correlation between OS and DFS results.
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