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Background: Cohort studies have shown that neoadjuvant chemotherapy (NAC) is not
associated with increased risk of postoperative complications and mortality as compared to
upfront surgery (SURG).
Objective: The aim of this study was to compare postoperative morbidity and mortality
after NAC with SURG.
Patients and methods: Patients who underwent gastrectomy with D2 lymphadenectomy for
advanced gastric cancer (GC) between 2010 and 2017 were selected. The impact of neoadjuvant chemotherapy on surgical safety was investigated by using propensity score matching.
Results: Three hundred and seventy-seven patients were included. After propensity score
matching, 86 patients in each group were matched. The percentage of patients with one or
more complications was 10.5% in NAC group and 15.1% in SURG group (P=0.361), there
was no mortality developed in either group. The total blood loss was signiﬁcantly more in the
NAC group than that in the SURG group (320.79 vs 243.37 ml, P<0.04). In univariate and
multivariate of the matched cohort, sex, age (<70), BMI (<24), ASA grade, surgical
procedure (open vs laparoscopy), gastrectomy extent, cTNM and Charlson index comorbidity were not associated with postoperative complications (all P>0.05).
Conclusion: This study showed that postoperative morbidity and mortality were similar for
NAC group and SURG group.
Keywords: gastric cancer, surgery, postoperative morbidity, propensity score, neoadjuvant
chemotherapy
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Nearly one million new patients are diagnosed with gastric cancer (GC) annually, and it
is the third leading cause of cancer-related deaths worldwide.1 GC is often diagnosed in
a locally advanced stage because early-stage GC is often asymptomatic.2 The 5-year
survival rate is only 25–30% for advanced-stage GC patients.3 In an effort to improve
this poor prognosis, different therapeutic practices, including the effects of adding
chemoradiotherapy and the use of targeted therapies, have been studied and applied to
improve survival. To date, several randomized controlled trials (RCTs) have appraised
the effectiveness of neoadjuvant chemotherapy (NAC), and the beneﬁt of NAC in GC
has been recommended in both the European Society of Medical Oncology (ESMO)
and American National Comprehensive Cancer Network (NCCN) guidelines.4–8 The
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rationale for NAC is downstaging of the primary tumor,
improving rates of R0 resection and treating micrometastatic
disease that may be present in a relatively high proportion of
GC patients.9
Few studies have investigated the impact of NAC on
surgical safety,5,10,11 while surgery performed in the MAGIC
and FNCLCC-FFCD RCTs did not include a proper D2 lymphadenectomy in the majority of patients, and many patients
had lower esophagus cancer instead of only GC.4,12 Thus,
there is still a lack of evidence that a proper radical surgery
(gastrectomy with D2 lymphadenectomy) can be safely performed following NAC.
The purpose of the present study was to compare the
postoperative morbidity and mortality following NAC versus upfront surgery (SURG) for advanced-stage GC. Since
patient characteristics may vary signiﬁcantly between two
different cohorts because the choice of treatment can be
confounded by abounding factors, the true signiﬁcance of
the outcomes will not be apparent if there are no appropriate matches of patients to cohorts. In addition, propensity score matched (PSM) analysis delivers the possibility
of reducing the impact of selection bias in retrospective
studies. This method was used in this study to investigate
the surgical safety of advanced-stage GC patients following NAC compared with that of patients undergoing
SURG. We also wished to identify the risk factors that
may predict postoperative complications after NAC in GC
patients.

Materials and methods
Patients
The prospectively collected records of all patients at the
Department of Gastrointestinal Surgery, Afﬁliated Tumor
Hospital of Guangxi Medical University (Nanning, China)
between 2010 and 2017 with histologically proven GC were
retrospectively reviewed. The study data were collected and
managed using Research Electronic Data Capture
(REDCap) hosted at the Department of Gastrointestinal
Surgery, Afﬁliated Tumor Hospital of Guangxi Medical
University.13 Only patients who underwent curative surgery
were included in this study. The exclusion criteria included
stages I and IV disease, emergency operation, hybrid procedures and palliative treatment intent. Preoperative clinical
tumor-node-metastasis (cTNM) staging and postoperative
pathological tumor-node-metastasis (pTNM) staging were
based on the 7th American Joint Committee on Cancer
(AJCC) staging system.14 PSM was used to match the two
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groups on a 1:1 basis. The ethical approval and informed
consent were waived by the Institutional Review Board.
The reason for the waiver of ethical approval and informed
consent by the Institutional Review Board is because the
patient data was extracted from our database without patient
identiﬁers.

Surgical procedure
All surgeries were performed by surgeons experienced in both
laparoscopic and open gastrectomy. Patients received total,
proximal or distal gastrectomy, depending on the anatomic
location of the tumor. D2 lymphadenectomy was performed in
all patients according to the guidelines of the Japanese Gastric
Cancer Association. During total gastrectomy, spleenpreserving No. 10 lymph node dissection and omentectomy
were performed. Multivisceral resection was performed when
necessary. Reconstruction of the gastrointestinal passage was
performed according to the surgeon’s preference.

Outcomes
Information on diagnostics, comorbidity, intraoperative data,
adverse events, and reinterventions was retrieved from the
database. Comorbidity was measured by the Charlson comorbidity index score, which uses certain diseases with different
weights for each one.15 Surgical complications occurring during the hospital stay or within 30 days of discharge were
considered in this study. The presence of saliva or gastrointestinal contents in the drain or during repeat laparotomy or by
a contrast swallow test was deﬁned as anastomotic leakage.
A pancreatic ﬁstula was diagnosed by any measurable drain
output on or after postoperative day 3 with an amylase level 3
times higher than the serum level. Inﬂammation and/or prolonged fever with positive ﬁndings on computed tomography
on the abdomen showed complicated ﬂuid collection, and
those requiring antibiotic therapy were deﬁned as having
“intra-abdominal infection”. Positive results obtained from
bacterial culture of purulent discharge from the wound were
diagnosed as a wound infection. The details of complications
were documented and categorized based on the Clavien–
Dindo classiﬁcation system.16,17 Postoperative mortality was
deﬁned as death from any cause within the ﬁrst 30 days after
surgery or at any time during the initial hospitalization.

Statistical methods
Patient characteristics were summarized using descriptive
statistics or contingency tables. We used Student’s t-test and
chi-squared test to compare variables between the NAC
group and the SURG group. PSM was used to minimize
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the effects of confounding inﬂuences of measured covariates on the assessed outcome between the 2 groups (NAC
vs SURG). The PSM is a conditional probability of having
a particular exposure given a set of baseline measured
covariates.18,19 The PSM was estimated with the use of
a nonparsimonious multivariable logistic-regression model
with the group as the dependent variable and all the baseline
characteristics outlined in Table 1 as covariates.20 Matching
was performed with the use of a 1:1 matching protocol
without replacement (nearest algorithm), with a caliper
width equal to 0.10 of the standard deviation of the logit
of the propensity score. Standardized differences were estimated for all the baseline covariates before and after matching to assess before matching imbalance and after matching
balance.21 Standardized differences of less than 0.1 for
a given covariate indicated a relatively small imbalance.21
All P-values are two-sided and have not been adjusted
for multiple testing. All the statistical analyses were performed using R software, version 3.5.1.

Results
Clinicopathological characteristics of
patients
Between 2010 and 2017, a total of 607 patients with histologically proven gastric cancer underwent curative gastrectomy.
A total of 377 patients were included in the study (Figure 1).
The NAC group contained 90 patients, and the SURG group
contained 287 patients. Patient characteristics are shown in
Table 1. The differences in baseline characteristics between
the NAC group and the SURG group were statistically signiﬁcant across sex, BMI (body mass index), Charlson comorbidity index score, ASA score, hemoglobin level, albumin
level, surgical procedure, gastrectomy extent, and cTNM
variates before adjusting; however, all the differences were
eliminated after adjusting with the PSM (Table 1).

Intraoperative ﬁndings
The total blood loss was signiﬁcantly higher in the NAC
group than in the SURG group (320.79 vs 243.37 ml,
P<0.04); however, other variables, such as operative
time, number of harvested lymph nodes, and multiorgan
resection, did not differ signiﬁcantly between these two
groups (P>0.05, Table 2).

Postoperative outcomes
In the SURG and NAC groups, postoperative complications
occurred in 13 (15.1%) and 9 (10.5%) patients, respectively,
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P=0.361. The incidence of anastomotic leakage, duodenal
stump leakage, pancreatic leakage, gastroparesis, bowel
obstruction, intra-abdominal bleeding, abdominal infection,
wound infection/dehiscence, anastomotic bleeding and other
complications were not signiﬁcantly lower in the SURG
group than in the NAC group (all P>0.05, Table 3). There
were no mortalities in either group.

Risk factors associated with
postoperative complications
Both the univariate analysis and multivariate analysis
showed that sex, age (<70), BMI (<24), ASA grade, surgical procedure (open vs lap), gastrectomy extent, cTNM
and Charlson comorbidity index score were not related to
postoperative complications (all P>0.05, Table 4).

Discussion
The goals of NAC for advanced GC are to treat micrometastasis and to improve curative resection (R0) with D2
lymphadenectomy. In addition, NAC provides in vivo testing, better tolerability and compliance with chemotherapy
in the preoperative setting compared with the postoperative setting. Many reports of the effectiveness of NAC
have been reported, and surgeons are seeing a greater
number of patients who have undergone NAC. However,
the essential problems of NAC are its negative effect on
wound healing and immunocompetence. Consequently,
more postoperative complications could occur. However,
only a few studies have investigated the morbidity and
mortality of surgery after NAC.5,10,11,22 Therefore, there
is still a lack of evidence that proper radical surgery
(gastrectomy with D2 lymphadenectomy) can be safely
performed following NAC.
We did not observe a signiﬁcant inﬂuence of NAC on
postoperative morbidity and mortality in this study.
Postoperative morbidity was 12.8%, with no deaths occurring in our study. These ﬁndings are comparable to previous
studies; several trials reported morbidity rates of 14.3–46.8%
and mortality rates of 0–5.6%;4,12,23 however, in these trials,
D2 lymphadenectomy was recommended in the “Study
Treatment” protocol but not described in the results or was
performed less than 50% of patients.4,12,23 Observational
studies where more than 90% of patients had a proper D2
lymphadenectomy also reported similar complication rates,
while the morbidity rate was between 10.0–38.0%, and the
mortality rate was between 0.7–1.4%.24 However, these
observational studies suffer from baseline imbalance, where
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75
212

III

201
74

Distal
Total

II

12

190
97

Proximal

Laparoscopic
Open

73.9

26.1

25.8

70.0

4.2

66.2
33.8

±5.49

±24.66

86.8

13.2

±1.21

±3.08

36.9

63.1

±12.05

85

5

37

47

6

70
20

37.81

114.59

63

27

3.13

21.08

18

72

54.91

94.4

5.6

41.1

52.2

6.7

77.8
22.2

±3.98

±24.66

70.0

30.0

±0.97

±2.92

20.0

80.0

±9.79

0.59

0.37

0.26

0.23

0.14

0.42

0.19

0.12

0.38

0.05

81

5

37

37

4

62
24

37.79

115.58

65

21

3.22

21.31

15

71

54.98

N

94.2

5.8

43.0

43.0

4.7

72.1
27.9

±5.53

±27.11

75.6

24.4

±1.17

±2.54

17.4

82.6

±11.17

%

81

5

36

36

4

66
20

37.93

114.83

62

24

3.14

21.17

18

68

54.83

N

94.2

5.8

41.9

41.9

4.7

76.7
23.3

±3.83

±26.06

72.1

27.9

±0.98

±2.93

20.9

79.1

±9.89

%

NAC (N=86)

<0.01

0.02

0.10

0.03

0.03

0.08

0.07

0.05

0.09

0.01

SMD

Abbreviations: SURG, surgery; NAC, neoadjuvant chemotherapy; SMD, standardized mean difference; BMI, body mass index; ASA score, American Society of Anesthesiologists score; cTNM, clinical tumor-node-metastasis.

cTNM

Gastrectomy extent

Surgical procedure

38.93

Albumin level

249

II
118.25

38

I

Hemoglobin level

ASA score

3.34

Charlson comorbidity index score

106

Female
21.44

181

Male

55.24

%

N

N

%

SURG (N=86)

NAC (N=90)

SURG (N=287)

SMD

After Matching

Before Matching

BMI (kg/m2)

Gender

Age(yr)

Characteristic

Table 1 Clinicopathological characteristics of GC in patients in the NAC and SURG groups
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Gastrectomy for GC from 2010 to 2017
(N=607)

Exclusion criteria
- Emergency surgery (N=13)
- cTNM stage I and IV (N=193)
- Hybrid procedures (N=7)
- Palliative treatment intent (N=17)

N = 287 (SURG)
N = 90 (NAC)
Propensity score matching

N = 172

SURG
N = 86

NAC
N = 86

Figure 1 Flowchart.
Abbreviations: GC, gastric cancer; NAC, neoadjuvant chemotherapy; SURG, surgery.

some clinicians tend to recommend NAC for stage III GC.
Several East Asian low-volume population studies that have
investigated the effect of NAC on postoperative complications found that NAC did not increase postoperative morbidity and mortality compared with surgery alone, but NAC
regimens in these studies are rarely applied in modern clinical settings because of newer NAC regimens (capecitabine,
oxaliplatin, docetaxel, S-1).25,26 In our study, all the patients
had D2 lymphadenectomy, and the NAC regimens were
popular in Asian countries. With PSM overcoming selection
bias, our results are likely to be more reliable and generalizable than those of previous studies.
Although we observed no increasing risk of anastomotic
leakage and duodenal dump leakage with NAC, it could be that
patients who underwent NAC had much more severe consequences than patients who had upfront surgery. This possible
disadvantage is currently outweighed by the beneﬁt of NAC
over upfront surgery.

Factors that might inﬂuence postoperative mortality and
morbidity in patients undergoing gastrectomy for GC
include age greater than 70 years, multiorgan resection,
and comorbidities. While both comorbidity and age variables were included and equalized in our study, the patients’
mean age was approximately 55 years, so the safety proﬁle
of NAC for older patients (>70) is still unanswered; future
investigations are warranted to determine the safety and
effectiveness of NAC for older patients.
We observed signiﬁcantly more blood loss in the NAC
group, which was completely expected because of NACinduced ﬁbrosis. Increased complications are expected if
more blood loss occurred during surgery. But the incidence
of complication does not increase in the NAC group, the
possible reason is that more blood loss occurred because of
tissue ﬁbrosis surrounding lymph nodes after NAC, not from
major vessel injuries or major organ injuries. We also evaluated
the impact of sex, age, BMI, ASA grade, surgical procedure,
gastrectomy extent, cTNM, and Charlson comorbidity index
score on our patients, and no associations were found between
them and postoperative complications. These results suggest
that NAC is safe and feasible even in high-risk patients.
Sarcopenia was shown to be associated with toxicity in
GC patients who had NAC,27 and it is well-recognized that
frail and sarcopenic patients are susceptible to severe outcomes from a complication.28 In the clinical setting, we see
that some sarcopenic patients’ health status greatly improved
after NAC, but we still could not recommend NAC for
sarcopenic patients because of the lack of data from this study.
The complication rate in the SURG group was higher than
that in the NAC group (15.1% and 10.5%, respectively,
P=0.361), and the reason for this higher complication rate in
the SURG group is unclear. One possible explanation is that
patients who were recommended to have NAC and were able
to complete their NAC could have been physically stronger
and ﬁtter, and therefore a complication is less likely to occur.
The strength of the present study is the dataset with
detailed information on postoperative complications.
Although this study spanned from 2010 to 2017, surgery
techniques were consistent in our institution during this

Table 2 Intraoperative outcomes
SURG (N=86)

NAC (N=86)

P

Operative time (min)

307.15±81.63

301.33±88.03

0.653

Intraoperative blood loss (ml)

243.37±212.11

320.79±274.34

0.040

Lymph nodes harvested (n)
Multi-organ resection (n)

20.64±8.67
1.99±0.11

19.08±9.33
1.93±0.26

0.258
0.054

Abbreviations: SURG, surgery; NAC, neoadjuvant chemotherapy.
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Outcomes

Before Matching

After Matching

SURG (N=287)

NAC (N=90)

N

%

N

%

P

SURG (N=86)

NAC (N=86)

N

%

N

%

P

Postoperative complications

Total

54

18.8

9

10.0

0.050

13

15.1

9

10.5

0.361

Clavien-Dindo classiﬁcation

I-II
III-V

39
15

13.6
5.2

5
4

5.6
4.4

0.038
0.767

10
3

11.6
3.5

5
4

5.8
4.7

0.177
0.700

Anastomotic leakage
Duodenal stump leakage

4
3

1.4
1.0

1
0

1.4
0.0

>0.999
>0.999

1
1

1.2
1.2

1
0

1.2
0.0

>0.999
>0.999

Pancreatic ﬁstula

1

0.3

0

0.0

>0.999

1

1.2

0

0.0

>0.999

Gastroparesis
Bowel obstruction

1
6

0.3
2.1

1
0

1.1
0.0

0.421
0.368

0
0

0.0
0.0

1
0

1.2
0.0

>0.999
NA

Intra-abdominal bleeding

4

1.4

2

2.2

0.948

1

1.2

2

2.3

>0.999

Abdominal infection
Pulmonary infection

14
21

4.9
7.3

3
4

3.3
4.4

0.745
0.339

1
7

1.2
8.1

3
4

3.5
4.7

0.613
0.350

Wound infection/dehiscence

5

1.7

1

1.1

>0.999

3

3.5

1

1.2

0.613

Anastomotic bleeding
Other complications

4
10

1.4
3.5

0
1

0.0
1.1

0.576
0.419

0
2

0.0
2.3

0
1

0.0
1.2

NA
>0.999

30-d postoperative mortality

0

0.0

0

0.0

NA

0

0.0

0

0.0

NA

Abbreviations: SURG, sugery; NAC, neoadjuvant; NA: not applicable.

Table 4 Univariate and multivariate analyses of risk factors associated with overall complications
Variable

Univariate analysis

Multivariate analysis

OR(95% CI)

P

OR(95% CI)

P

Sex (Female vs Male)

0.38(0.09–1.73)

0.213

0.39(0.08–1.87)

0.239

Age (≥70 vs <70)
BMI (≥24 vs <24)

1.66(0.43–6.38)
1.03(0.28–3.79)

0.458
0.969

1.17(0.17–7.90)
0.97(0.25–3.79)

0.873
0.970

ASA (II vs I)

0.73(0.28–1.92)

0.519

0.46(0.15–1.39)

0.167

Surgical procedure (Open vs Laparoscopic)

0.61(0.20–1.91)

0.398

0.53(0.16–1.75)

0.300

Distal vs Proximal

0.65(0.12–3.59)

0.621

0.81(0.13–4.90)

0.819

Total vs Proximal

0.25(0.04–1.48)

0.126

0.26(0.04–1.58)

0.143

cTNM (III vs II)
Charlson index comorbidity (>2 vs ≤2)

0.56(0.11–2.84)
1.80(0.63–5.17)

0.487
0.272

0.79(0.14–4.45)
1.92(0.35–10.64)

0.790
0.456

Gastrectomy extent

Abbreviations: CI, conﬁdence interval; BMI, body mass index; ASA, American Society of Anesthesiologists; cTNM, clinical tumor-node-metastasis.

period. Since the NAC regimens in our study varied
slightly over time, the risk attributable to any speciﬁc
regimen is unlikely. Our surgical team consisted of six
surgeons who were experienced in both open and laparoscopic gastrectomy for GC, so individual surgeon bias was
unlikely to inﬂuence the resultant surgical complications.
Despite the strength mentioned above, some limitations
of the present study should be acknowledged. First, this is
a single-center retrospective study, and selection bias may
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have inﬂuenced the outcomes. Second, the patients were
not randomized into the two groups. Although two quite
similar groups were reached with a validated matching
model, the role of the treatment segment in an analysis is
always a concern.
In summary, NAC for GC has been strongly recommended in guidelines without strong evidence about its
impact on surgical safety in patients who receive
a complete extended (D2) lymphadenectomy. This study is
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the ﬁrst PSM analysis to demonstrate that NAC can be
safely administered to patients without increasing postoperative morbidity and mortality rates. Concerns about
the possible increase of postoperative complications should
not deter the use of NAC in advanced-stage GC patients.
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