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Postoperative morbidity and mortality in patients
receiving neoadjuvant chemotherapy for locally
advanced gastric cancers
A systematic review and meta-analysis
Huiyu Luo, BAa, Liucheng Wu, MDb,∗, Mingwei Huang, MDb, Qinwen Jin, MDb, Yuzhou Qin, MDb,
Jiansi Chen, MDb

Abstract
Aim: To investigate the postoperative morbidity and mortality for neoadjuvant chemotherapy (NAC) plus surgery compared with
surgery alone.

Methods: PubMed and Embase were searched to capture the incidence of any postoperative complications, pulmonary
complications, anastomotic leakage, surgical site infections, and postoperative mortality in randomized clinical trials comparing NAC
plus surgery with surgery alone. The meta-analyses were performed with a random effects model.

Results: Nine relevant studies were included. Comparing NAC with surgery alone, there were no increases in any postoperative
complications, pulmonary complications, anastomotic leakage, surgical site infections, or postoperative mortality attributable to
NAC. Sensitivity analysis suggested a possible increased risk of any postoperative complications compared with surgery alone: the
risk difference 0.056 (95% confidence interval –0.032 to 0.145). Severe complications such as anastomotic leakage and pulmonary
complications were similar in the 2 groups.

Conclusions:NAC for gastric cancer does not increase the risk of postoperative morbidity and mortality compared with surgery alone.

Abbreviations: CI = confidence interval, GC = gastric cancer, NAC = neoadjuvant chemotherapy, RD = risk difference.

Keywords: chemotherapy, gastric cancer, neoadjuvant, postoperative morbidity
1. Introduction

Gastric cancer (GC) is the fifth most common malignancy in the
world, and it is also commonly diagnosed and identified as a
leading cause of cancer death in China.[1] Unfortunately, 2/3 of
GC patients are diagnosed in a locally advanced tumor stage,
with poor overall survival rates between 20 and 60%.[2]

Complete resection with lymph node dissection remains the
primary treatment for resectable GC.[3] To improve survival,
multimodal treatment has been used as an adjuvant to surgery in
recent years.[4] Neo-adjuvant chemotherapy (NAC) has been
shown to reduce the number of metastatic lymph nodes and to
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increase the rate of complete tumor resection, likely prolonging
survival.[4] In addition, NAC is generally better tolerated than
adjuvant chemotherapy, even when the same chemotherapy
regimens are used.[5] NAC is currently used worldwide as an
initial therapy for locally advanced GC.[6] Although there are few
studies and meta-analyses comparing NAC followed by surgery
with surgery alone, improved survival with NAC has been
reported. One concern with NAC is the associated toxicity,
possibly contributing to postoperative morbidity and mortality.
However, this concern has not been thoroughly addressed in a
number of aspects, including specific postoperative complica-
tions.[7] There are a few studies comparing postoperative
morbidity and mortality; however, either the studies included
patients with gastroesophageal squamous cell cancer or patients
received neoadjuvant chemoradiation, all of which makes for
conflicting evidence regarding postoperative complications.[8,9]

Given that NAC was commonly used in Asian countries, it is
necessary to conduct this comprehensive search of randomized
clinical trials comparing NAC versus surgery alone. Data on
postoperative morbidity and mortality were extracted and
analyzed to clarify any differences in postoperative morbidity
and mortality between groups of patients with locally advanced
gastric cancer undergoing NAC and surgery alone.
2. Materials and methods

This meta-analysis was reported according to the preferred
reporting items for systematic reviews and meta-analyses guide-
lines. All analyses were based on previous published studies, thus
no ethical approval and patient consent are required.
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2.1. Literature search

In April 2017, we performed a computerized literature search to
identify all randomized controlled trials (RCT). Trials were
identified by systematically searching PubMed and EMBASE. We
limited our search to studies in humans. There were no language
restrictions for either searching or trial inclusion. The search was
conducted using the following key words: neoadjuvant chemo-
therapy, gastric cancer, esophagogastric cancer, surgery, and
gastrectomy. In addition, an extensive manual search was carried
out by using references from each retrieved study or review article.
2.2. Study selection

Trials were included using the following criteria: RCTs; trials
needed to be conducted on patients with locally advanced
histologically confirmed carcinoma of the stomach or gastroin-
testinal junction; and the intervention was defined as neoadjuvant
chemotherapy with surgery, and the control intervention was
surgery alone with curative intent. The study selection was
performed by 2 authors (LW, QJ) independently, and any
differences were settled by discussion. Publications identified as
duplicates were excluded, and when one study had substantial
overlap in terms of author, institution or study period with
another study, the study with more available data was included.
Regarding surgery, patients with esophageal carcinomas or

patients who had esophagectomy were excluded.
2.3. Assessment of risk of bias

Both independent authors assessed trial quality with regard to
bias in the domains: selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other bias according to
criteria described in The Cochrane Handbook 5.0.1.[10] The
reviewers determined the level of bias (‘low’/’high’/’unclear’) for
each item, and then, a reviewer assigned an overall level of risk of
existing bias to each trial (‘low’ if ‘low’ bias was determined for
all items, ‘moderate’ if ‘high’ or ‘unclear’ bias was determined for
1 or 2 items, ‘high’ if ‘high’ or ‘unclear’ bias was determined for at
least 3 items). This bias level was used as a measurement of the
quality of each trial and was also used in sensitivity and subgroup
analyses. A third reviewer was consulted, and a consensus was
reached if the 2 reviewers came to different conclusions regarding
the risk of bias in a single domain.
2.4. Assessment of heterogeneity

We assessed heterogeneity clinically (by judgment of the 2
independent reviewers) and statistically. Statistical heterogeneity
was assessed by the calculation of the I2 statistic, a measurement
of the percentage of variability in effect estimates attributed to
heterogeneity rather than to sampling error.
2.5. Assessment of publication bias

Publication bias was assessed by creating a funnel plot using the
different outcomes and evaluating funnel asymmetry with Begg
and Egger tests with respect to continuous data,[11,12] or Peters
test with respect to binary data.[13]
2.6. Data extraction

Two reviewers independently extracted data using a dedicated
form regarding relevant facts on general trial characteristics, trial
2

quality, patient characteristics, interventions, and outcomes. The
original papers were retrieved and jointly investigated to resolve
any disagreement if there was inconsistency. The data extraction
form compiled the following items: general information on the
trial, trial design issue, baseline characteristics of participants,
characteristics of the intervention, frequency of different types of
surgery, and postoperative morbidity and mortality in each
group. Our primary endpoint was postoperative mortality, and
secondary endpoints included any complication, anastomotic
leakage, pulmonary complications, and surgical site infection.
Pneumonia, acute respiratory distress syndrome, pulmonary
embolism, and respiratory failure were defined as respiratory
complications. Postoperative mortality included 30-day mortali-
ty, 90-day mortality, in-hospital mortality, and surgery-related
mortality. All analyses were carried out on the full analysis set
population. Thus, we used the number of patients who actually
underwent surgery as the denominator for each group in the
meta-analysis of postoperative complications and mortality.
2.7. Statistical analysis

The meta-analysis was performed in line with PRISMA guide-
lines.[14] Statistical analysis was carried out using the risk
difference (RD) as the summary statistic. We used a random-
effects model to calculate RDs and confidence intervals (CIs) for
all meta-analyses. The use of a random-effect model was
preferred to that of a fixed model because the NAC regimens
and surgical procedures used in the trials were heterogeneous.
In the first analysis comparing NAC plus surgery with surgery

alone, RDs represented the risk of each event during the study
interval in a patient who received NAC followed by surgery
compared with the risk in a patient who received surgery alone.
An RD greater than 1 indicated a higher mortality or morbidity
rate in patients who received NAC, and the point estimate of the
RD was considered significant at the P< .05 level if the 95% CI
did not include 1.
All data analyses were performed using the statistical software

Stata 10.0 (Stata Co., College Station, TX).
3. Results

Searches of the PubMed and Embase databases identified 564
and 99 abstracts, respectively. After removing 35 duplicate
abstracts, 17 studies and their full texts were retrieved after
screening the titles and the abstracts,[5,6,15–29] while 5 studies
were found from a reference list.[30–34] Thus, a total of 10 studies
were included in this systematic review.[16,21,23,24,26,29–32] Six
studies were excluded because no adequate data were avail-
able,[15,17–19,27,33] 2 studies were excluded because the control
group was not surgery alone,[20,22] 2 studies were excluded
because they included patients who had esophagectomy,[5,6] 1
study was excluded because of duplicate data,[28] 1 study was
excluded because it included stage gastric cancer patients,[34] 1
study was excluded because it performed short-term NAC, and it
is not standard neoadjuvant regimen.[25] The flow chart of the
literature search of this systematic review is shown in Figure 1.
There were a 3-arm study that compared 2 different neoadjuvant
chemotherapies versus surgery alone.[31] Data in different NAC
groups from this study were combined and used in the analysis.
Patients were of European origin in 4 studies[16,23,26,29] and

Asian in 5 studies.[21,24,30–32] Three of the included studies were
in Chinese,[21,24,30] while the rest were in English.[16,23,26,29,31,32]

Feng et al’s study[30] included only Bormann’s IV gastric cancer



Figure 1. Flow chart shows the selection process.
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patients. The NAC regimens of the included studies varied
significantly. Details of lymphadenectomy were outlined in 4
studies.[16,23,26,29] There were no major differences in patient
characteristics between groups, although no formal statistical
comparison was done. Table 1[16,21,23,24,26,28–32] summarizes
details of all trials included in the meta-analysis.
Risk of bias was low in 1 study,[24] moderate in 7

studies[16,23,26,29–32] and high in 1 study.[21] Both performance
bias and detection bias were considered “low” across all studies
because blinding of patients and clinicians to interventions was
not possible, and bias is unlikely to be introduced during these 2
steps. Details of the risk of bias for each study are shown in
Table 2,[16,21,23,24,26,28–32]Figures 2 and 3.
3

3.1. Postoperative mortality
All 9 included studies including 721 patients reported postoper-
ative mortalities, 352 in the NAC group and 364 in the surgery
alone group. The summary RD for postoperative mortality was
0.001 (95% CI –0.018 to 0.019), and there was no significant
difference in postoperative mortality between the 2 groups
(Fig. 4). The corresponding funnel plot did not suggest relevant
publication bias. The sensitivity analysis excluding the trials did
not report the extent of lymphadenectomy[21,24,30–32] showed a
similar effect size to that in the analysis including all studies (data
not shown). The subgroup analysis according to different regions
did not indicate any difference in postoperative mortality in either
European or Asian populations with NAC compared with

http://www.md-journal.com
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[16,21,24,26,30–32]

Table 2

Risk of bias of included studies.

Author/Year
Selection
bias

Attrition
bias

Performance
bias

Detection
bias

Bias due to
missing data

Reporting
bias

Other
bias

Overall risk
of bias

Songun et al,[29] 1999 Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Wang et al,[32] 2000 Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Zhao et al,[31] 2006 High risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Feng et al,[30] 2008 Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Qu et al,[24] 2010 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Biffi et al,[26] 2010 High risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Schuhmacher et al,[23] 2010 High risk Low risk Low risk Low risk Low risk Low risk High risk Moderate risk
Fan et al,[21] 2011 Unclear risk Low risk Low risk Low risk High risk High risk High risk High risk
Hashemzadeh et al,[16] 2014 High risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk

Luo et al. Medicine (2018) 97:43 www.md-journal.com
surgery alone. For European patients, the summary RD was
0.002 (95% CI –0.035 to 0.040), while for Asian patients, the
summary RD was 0.000 (95% CI –0.021 to 0.021).

3.2. Any complication

Seven studies including 526 patients reported any complications,
256 in the NAC group and 270 in the surgery alone
group.[16,23,24,26,30–32] The summary RD for any complication
was 0.025 (95% CI –0.014 to 0.064), and there was no
significant difference in any complication between the 2 groups
(Fig. 5). The corresponding funnel plot did not suggest relevant
publication bias. The sensitivity analysis excluding the trials that
did not report the extent of lymphadenectomy[24,30–32] showed a
similar effect size to that of the analysis including all studies (data
not shown). The subgroup analysis according to different regions
did not indicate any difference in any complication in either
European or Asian populations with NAC compared with
surgery alone. For European patients, the summary RD was
0.056 (95% CI –0.032 to 0.145), while for Asian patients, the
summary RD was 0.018 (95% CI –0.026 to 0.061).

3.3. Anastomotic leakage

Seven studies including 526 patients reported anastomotic
leakage, 256 in the NAC group and 270 in the surgery alone
group.[16,23,24,26,30–32] The summary RD for anastomotic
leakage was 0.007 (95% CI –0.019 to 0.032), not showing
any significant differences in anastomotic leakage between the 2
groups (Fig. 6). There was no relevant heterogeneity between the
results of each study, and all confidence intervals included equity
(I2=0.0%, P= .99). The corresponding funnel plot did not
suggest relevant publication bias. The sensitivity analysis
excluding the trials that did not report the extent of
lymphadenectomy[24,30–32] showed a similar effect size to that
of the analysis including all studies (data not shown). The
subgroup analysis according to different regions did not indicate
any difference in anastomotic leakage in either European or Asian
populations with NAC compared with surgery alone. For
European patients, the summary RD was 0.011 (95% CI –

0.030 to 0.051), while for Asian patients, the summary RD was
0.004 (95% CI –0.028 to 0.036).

3.4. Pulmonary complication

Seven studies including 527 patients reported pulmonary
complications, 255 in the NAC group and 272 in the surgery
5

alone group. The summary RD for pulmonary
complicationwas 0.002 (95%CI –0.029 to 0.033), and there was
no significant difference in pulmonary complication between the
2 groups (Fig. 7). The corresponding funnel plot did not suggest
relevant publication bias. The sensitivity analysis excluding the
trials with high risk of bias,[21] and trials that did not report the
extent of lymphadenectomy[21,24,30–32] showed a similar effect
size to that of the analysis including all studies (data not shown).
The subgroup analysis according to different regions did not
indicate any difference in pulmonary complication in either
European or Asian populations with NAC compared with
surgery alone. For European patients, the summary RD was –

0.020 (95% CI –0.084 to 0.044), while for Asian patients, the
summary RD was 0.008 (95% CI –0.027 to 0.044).

3.5. Surgical site infection

Seven studies including 526 patients reported surgical site
infection, 256 in the NAC group and 270 in the surgery alone
group.[16,23,24,26,30–32] The summary RD for surgical site
infection was 0.008 (95% CI –0.022 to 0.038), and there was
no significant difference in pulmonary complication between the
2 groups (Fig. 8). The corresponding funnel plot did not suggest
relevant publication bias. The sensitivity analysis excluding the
trials that did not report the extent of lymphadenectomy[24,30–32]

showed a similar effect size to that in the analysis including all
studies (data not shown). The subgroup analysis according to
different regions did not indicate any difference in pulmonary
complication in either European or Asian populations with NAC
compared with surgery alone. For European patients, the
summary RD was 0.018 (95% CI –0.031 to 0.068), while for
Asian patients, the summary RD was 0.002 (95% CI –0.037 to
0.040).

4. Discussion

The effectiveness of NAC for gastric cancer has been investigated
thoroughly and is now recommended and used by many
oncologists. However, only a few reports have been published
regarding the morbidity and mortality of surgery after
NAC.[16,23,29,31] This meta-analysis, based on 9 randomized
clinical trials, compared NAC with surgery alone with regard to
postoperative morbidity and mortality.
The first important finding of our meta-analysis was that the

number of studies reporting postoperative morbidity and
mortality was quite small, and most of them reported them as
secondary endpoints.Most of the studies did not report the extent

http://www.md-journal.com


Figure 2. Risk of bias: each risk of bias item for each included study.
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of lymphadenectomy of the surgery. Different NAC regimens
were applied in the included studies, making it impossible to
assess postoperative complications with regard to specific NAC
regimens.
The comparison of NAC with surgery alone revealed no

evidence of an increased risk of anastomotic leakage, any
6

postoperative complication, pulmonary complication, surgical
site infection or postoperative mortality compared with surgery
alone. We should still be concerned about possible increased
susceptibility to any postoperative complications after chemo-
therapy in Europe, although it did reach statistical significance.
The observed trend of greater postoperative complications after



Figure 3. Risk of bias: each risk of bias item presented as percentages across all included studies.

Figure 4. Postoperative mortality for neoadjuvant chemotherapy plus surgery compared with surgery alone.

Luo et al. Medicine (2018) 97:43 www.md-journal.com
NAC in Europe disappeared during sensitivity analysis after
excluding Schuhmacher et al’s study[23] which had a higher rate
of postoperative complications after NAC. Two factors were
identified as possible factors contributing to the greater
postoperative complications in Schuhmacher et al’s study.[23]

The first factor was that 95.75% of patients with NAC had D2
lymph node dissection compared to only 43% of patients in the
MAGIC trial. Since D2 is a complicated and challenging surgical
7

technique, while NAC can lead to tissue fibrosis with a
consequent more difficult feasibility of the procedure, then a
higher rate of surgical complications might occur; the second
factor was that patients in this study were operated in low-
volume institutions where D2 lymphadenectomy may not be
routinely carried out. Many studies have concluded that D2 can
be considered safe inWestern patients, at least when performed in
experienced centers,[35] and D2 dissection should probably be

http://www.md-journal.com


Figure 5. Any complication for neoadjuvant chemotherapy plus surgery compared with surgery alone.

Figure 6. Anastomotic leakage for neoadjuvant chemotherapy plus surgery compared with surgery alone.

Luo et al. Medicine (2018) 97:43 Medicine
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Figure 7. Pulmonary complication for neoadjuvant chemotherapy plus surgery compared with surgery alone.

Figure 8. Surgical site infection for neoadjuvant chemotherapy plus surgery compared with surgery alone.

Luo et al. Medicine (2018) 97:43 www.md-journal.com
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or chemoradiotherapy for resectable oesophageal and gastro-oesopha-

Luo et al. Medicine (2018) 97:43 Medicine
added to the growing list of procedures which are safer when
performed in high-volume institutions.[36,37] The good news was
that the risks of severe complications, including anastomotic
leakage and pulmonary complications, were similar between the
2 groups for European patients.
This meta-analysis provided some additional insights into the

feasibility of NAC in gastric cancer, although it also has some
limitations. First, most studies reported postoperative morbidity
and mortality as secondary endpoints; therefore, it was
sometimes impossible to extract the outcomes required for this
meta-analysis. Second, there were variations in the definitions
and classifications of complications in the included studies. A
standard classification system to describe complications and their
severity in randomized clinical trials is critical to improve the
quality of future meta-analyses. Third, this meta-analysis only
included patients with tumors of the gastroesophageal junction
(Siewert II, III) and stomach; it still bears a risk of heterogeneity,
and this risk is augmented since surgical approaches vary
between the stomach and gastroesophageal junction. In addition,
the drugs used for NAC varied among trials. Therefore, although
statistical heterogeneity was not evident for our outcomes, there
might be relevant clinical heterogeneity.
Neoadjuvant chemotherapy can be administered for locally

advanced gastric cancer patients without increasing anastomotic
leakage, any postoperative complications, pulmonary complica-
tions, surgical site infections, and postoperative mortality. More
investigations are warranted to clarify whether NACwill increase
postoperative morbidity and mortality in Western patients
compared with surgery alone.
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