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Abstract
Background It remains unclear whether laparoscopic conversation to open gastrectomy causes higher morbidity and has an
adverse effect on the long-term survival outcomes of patients with gastric cancer. This study was designed to evaluate the impact
of the conversion on short and long-term outcomes of patients with locally advanced gastric cancer (AGC).
Methods We retrospectively investigated 871 patients who initially underwent laparoscopic gastrectomy (LG) for pathologically
confirmed diagnosis of AGC between February 2009 and April 2018. The patients were grouped as the conversion (CONV)
group and completed laparoscopic (LAP) group. The 1:2 propensity score matching was performed to reduce the effect of bias
due to the imbalanced baseline features between the two groups. Multivariate analyses were performed to identify risk factors for
conversion and poor survival.
Results After propensity-score matching, 168 patients (56 in the CONV group and 112 in the LAP group) were studied. The CONV
group was associated with significantly longer operation time (252.4 vs. 216.7 min, P < 0.001) and greater estimated blood loss (234.8
vs. 171.2ml,P < 0.001) as comparedwith the LAP group. The time to first flatus (3.8 vs. 3.3 days,P = 0.043), time to start a liquid diet
(4.1 vs. 3.5 days,P = 0.021), and postoperative hospital stay (8.7 vs. 7.6 days,P = 0.020) were significantly longer in the CONVgroup
than that in the LAP group. The overall complication rate did not differ significantly between the CONV group and the LAP group
(16.1% vs. 12.5%, P = 0.692). Both 5-year overall survival (OS) and 5-year disease-free survival (DFS) did not differ significantly
between the CONV group and the LAP group (P = 0.805, P = 0.945, respectively). Multivariate analysis showed that lymphovascular
invasion and stage III were independent prognostic factors for poor OS and DFS, whereas conversion was not.
Conclusions The conversion from laparoscopic to open gastrectomy had no negative impact on morbidity and long-term survival
outcomes for patients with locally AGC.
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Introduction

Laparoscopic gastrectomy(LG) for gastric cancer has increas-
ingly gained popularity since it was first reported by Kitano
et al. in 19941. Large randomized controlled trials (RCTs)
have demonstrated that LG is a safe and feasible procedure
with better short-term outcomes and equivalent long-term

prognosis for early gastric cancer (EGC) as compared with
open gastrectomy (OG)2–4. Based on the experience accumu-
lation of EGC, increasing numbers of experienced laparoscop-
ic surgeons have applied the LG for patients in locally ad-
vanced gastric cancer5–8. Conversion of LG to OG is always
unavoidable because of various reasons such as technical dif-
ficulty, large tumor size, abdominal adhesion, obesity, and
uncontrollable intraoperative complications. The conversion
rate has been reported up to 17.4% in a recent study9. A mul-
ticenter randomized controlled trial revealed that the conver-
sion rate is 6.4% even by experienced laparoscopic surgeons
in high-volume centers 10. To date, extensive studies have
demonstrated that postoperative complications are associated
with adverse survival outcomes after radical resection of gas-
tric cancer. It remains unclear whether the conversion causes
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higher morbidity and has an adverse effect on the long-term
survival outcomes of patients in gastric cancer. Additionally,
about 80% patients are diagnosed at advanced stages in China,
and gastrectomy with D2 lymph node dissection has been
recommended as a standard procedure for these cases. These
cases may be at high risk of conversion due to tumor-related
reasons.

We, therefore, designed this study to evaluate the impact of
the conversion on short and long-term outcomes of patients
with locally advanced gastric cancer (AGC).

Patients and Methods

Patients

We initially screened our prospectively maintained gastric
cancer database including patients with pathological diagno-
ses of locally AGC who initially underwent laparoscopic D2
gastrectomy between February 2009 and April 2018. The ex-
clusion criteria included EGC, older than 70 years, stage IV
disease, D1 or D1+ lymph node dissection, distant metastasis
or invasion to adjacent organs, combined with other malig-
nancy, combined with adjacent organ resection, emergency
surgery, and patients underwent neoadjuvant chemotherapy.
Patients chose the surgical procedure by their individual deci-
sion after they were informed of the advantages and possible
complications of surgery. Written informed consent was ob-
tained from all patients before the surgery. The operative pro-
cedures have been described in detail previously 11–13. The
tumor staging was recorded according to the 8th Union for
International Cancer Control (UICC)/American Joint
Committee on Cancer (AJCC) staging system of gastric
cancer14. This study was approved by the Institutional
Review Board of our institution.

Postoperative Evaluation and Follow-up

In this study, postoperative complications were determined
according to the Clavien–Dindo (C-D) classification system
15, 16 Patients were followed up every 3 months during the first
2 years and then every 6 months from 2 to 5 years, and then
annually. We routinely administered postoperative adjuvant
chemotherapy with 5-fluorouracil (5-FU)-based regimens (5-
FU with cisplatin, capecitabine with oxaliplatin, and S-1
alone) for the patients with stage II or more advanced cancer.

Statistical Analysis

We performed 1:2 propensity score matching using R
Statistics version 3.4.0. with the following variables: age,
sex, body mass index (BMI), extent of resection, tumor size,
histology type, pathologic T stage, pathologic N stage,

adjuvant chemotherapy, comorbidities, and year of surgery.
Statistical analyses were performed using SPSS, ver.22.0
(SPSS Inc., Chicago IL, USA). The chi-square test or
Fisher’s exact test was used to compare categorical variables
between the two groups. To evaluate the risk factors for con-
version, a multivariate analysis was conducted with the binary
logistic regression model. OS and DFS were compared using
the Kaplan–Meier method and log-rank test. Multivariate
analyses were performed by Cox proportional hazard model
to identify the independent risk factors for OS and DFS. P <
0.05 was considered statistically significant.

Patient Characteristics

Table 1 summarizes the baseline characteristics of patients in
the entire and propensity score-matched cohort. Finally, 871
patients who underwent initially LG were included in our
analysis. Among these patients, 62 cases were converted to
open surgery and 809 cases were successfully performed by
the laparoscopic procedure. The patients were grouped as the
conversion (CONV) group and completed the laparoscopic
(LAP) group. Overall, no significant differences were noted
in sex, age, the extent of resection, histological type, pT stage,
adjuvant chemotherapy, and comorbidities. However, BMI,
tumor size, pN stage, pTNM stage, and year of surgery were
found to be significantly different between the two groups.
After propensity-score matching, the baseline characteristics
were well balanced between the two groups. Finally, 168 pa-
tients (56 in the CONV group, and 112 in the LAP group)
were studied.

Surgical Outcomes and Complications

Table 2 summarizes the surgical outcomes of patients in the
propensity score-matched cohort. The CONV group was as-
sociated with significantly longer operation time (252.4 vs.
216.7 min, P < 0.001), greater estimated blood loss (234.8
vs. 171.2 ml, P < 0.001). The number of retrieved lymph
nodes was similar between the LAG and OTG groups (28.2
vs. 29.2, P = 0.404). The time to first flatus (3.8 vs. 3.3 days, P
= 0.043), time to start liquid diet (4.1 vs. 3.5 days, P = 0.021),
and postoperative hospital stay (8.7 vs. 7.6 days, P = 0.020)
were significantly longer in the CONV group than that in the
LAP group.

The postoperative complications of propensity score-
matched cohort are shown in Table 3. The overall complica-
tion rate did not differ significantly between the CONV group
and the LAP group (16.1% vs. 12.5%, P = 0.692). Moreover,
no significant differences were noted in the minor (C–D grade
II) and severe complication (C–D grade >II) rates between the
two groups (7.1% vs. 5.4%, P = 0.908; 8.9% vs. 7.1%,
P=0.919; respectively). Regarding the major individual com-
plications, the incidence of intra-abdominal abscess,
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Table 1 Characteristics of
patients Variables Entire cohort Propensity score-matched cohort

CONV
(n=62)

LAP
(n=809)

P CONV
(n=56)

LAP
(n=112)

P

Sex 0.093 0.159

Male 42 624 39 89

Female 20 185 17 23

Age (years) 0.056 0.661

≤60 32 516 29 62

>60 30 293 27 50

BMI (kg/m2) <0.001 0.642

≤25 18 639 17 38

>25 44 170 39 74

Extent of resection 0.202 0.114

DG 21 341 20 27

TG 41 468 36 85

Tumor size (cm) <0.001 0.189

≤5.0 30 607 26 64

>5.0 32 202 30 48

Histological type 0.188 0.331

Well/moderately 15 261 13 34

Poorly/undifferentiated 47 548 43 78

pT-stage 0.871 0.762

T2 11 166 8 13

T3 31 389 28 53

T4a 20 254 20 46

pN-stage 0.001 0.752

N0 6 216 5 18

N1 8 149 7 13

N2 12 179 10 20

N3a 26 189 25 42

N3b 10 76 9 19

pTNM stage 0.002 0.871

IB 5 79 4 6

IIA 2 131 1 3

IIB 7 152 7 22

IIIA 14 198 12 23

IIIB 26 179 24 41

IIIC 8 70 8 17

Adjuvant chemotherapy 0.573 0.759

Yes 10 154 47 96

No 52 655 9 16

Comorbidities 0.803 0.773

Present 10 121 9 20

Absent 52 688 47 92

Surgical period 0.010 0.992

2009–2012 29 235 25 49

2013–2015 20 391 18 37

2016–2018 13 183 13 26
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anastomotic leakage, duodenal stump leakage, and wound
infection were also comparable between the two groups (all
P > 0.05).

Analysis of Risk Factors for Conversion

Among the 56 patients in the CONV group, the primary rea-
sons for the conversion were large tumor size or advanced
gastric cancer (29 cases, 51.8 %), followed by adhesions (15
cases, 26.8 %), obesity (7 cases, 12.5 %), and others (5 cases,
8.9 %). Univariate analysis showed that BMI (P < 0.001),
tumor size (P < 0.001), abdominal adhesion (P < 0.001), tu-
mor stage (P = 0.003), and surgeon’s experience (P < 0.001)
were significantly related to conversion (Table 4).
Multivariate analysis revealed that BMI ≥28 (OR, 2.970;
95%CI, 1.580–5.583, P = 0.001), tumor size >5cm (OR,
2.317; 95%CI, 1.334–4.026, P = 0.003), the presence of

abdominal adhesion (OR, 3.202; 95%CI, 1.482–6.918, P =
0.003), and surgeon’s experience < 50 cases (OR, 2.259;
95%CI, 1.259–4.054, P = 0.006) were independent risk fac-
tors for conversion (Table 4).

Long-Term Survival Outcomes

After a median follow-up period of 69 months, the 5-year
overall survival (OS) rate was 37.5% in the CONV group
and 41.1% in the LAP group (Fig. 1), and the 5-year dis-
ease-free survival (DFS) rate was 33.9% in the CONV group
and 38.4% in the LAP group (Fig. 2). Both 5-year OS and 5-
year DFS did not differ significantly between the CONV
group and LAP group (P = 0.805, P = 0.945, respectively).
The stage-specific analysis for patients with stage III showed
that the 5-year OS rate was 29.5% in the CONV group and
34.6% in the LAP group (Fig. 3), and the 5-year DFS rate was
27.3% in the CONV group and 32.1% in the LAP group (Fig.
4). No significant differences were observed between the
CONV and LAP groups in terms of 5-year OS and DFS for
patients with stage III (P = 0.875, P = 0.987, respectively). In
multivariate analysis, the presence of lymphovascular inva-
sion (OR, 2.184; 95%CI, 1.445–3.302, P < 0.001) and high
pTNM stage (OR, 2.549; 95%CI, 1.469–4.422, P = 0.001)
were independent prognostic factors for OS (Table 5), and
the presence of lymphovascular invasion (OR, 1.952;
95%CI, 1.308–2.912, P = 0.001) and high pTNM stage
(OR, 2.463; 95%CI, 1.458–4.160, P = 0.001) were also inde-
pendent prognostic factors for DFS (Table 6).

Discussion

Many studies have demonstrated that LG with D2 lymph node
dissection is a safe and feasible procedure for locally AGC17,

18. However, it is a technically demanding procedure even for
experienced surgeons, and the conversion rate has been report-
ed up to 17.4%9. It remains unclear whether laparoscopic con-
verted to open colectomy causes higher morbidity and harms
the long-term survival outcomes of patients with gastric cancer.
In this study, we evaluate the impact of the conversion on short

Table 2 Comparison of surgical
outcomes of CONV and LAP
groups

Characteristics CONV (n = 56) LAP (n = 112) P

Operation time (min) 252.4 ± 54.1 216.7 ± 45.6 < 0.001

Estimated blood loss (ml) 234.8 ± 59.8 171.2 ± 79.6 < 0.001

No. of retrieved lymph nodes 28.2 ± 7.0 29.2 ± 7.3 0.404

Time to first flatus (days) 3.8 ± 1.7 3.3 ± 1.3 0.043

Time to start liquid diet(days) 4.1 ± 1.5 3.5 ± 1.7 0.021

Time to ambulation (days) 3.2 ± 0.7 2.1 ± 0.6 < 0.001

Postoperative hospital stay (days) 8.7 ± 2.5 7.6 ± 3.6 0.020

Table 3 Comparison of postoperative complications using the Clavien–
Dindo classification system

Grades CONV (n =56) LAP (n = 112) P

Wound infection 3 1 0.074

Anastomosis bleeding 1 2 0.858

Lymphatic fistula 0 0 —

Pancreatitis 0 1 1.000

Intra-abdominal abscess 3 3 0.659

Anastomosis leakage 2 3 0.801

Duodenal stump leakage 0 2 1.000

Intestinal obstruction 0 1 1.000

Intra-abdominal bleeding 0 1 1.000

Heart failure 0 1 1.000

Overall complications (%) 9(16.1%) 14(12.5%) 0.692

Grade II (%) 4(7.1%) 6(5.4%) 0.908

Grade IIIa (%) 3(5.4%) 5(4.5%) 1.000

Grade IIIb (%) 1(1.8%) 2(1.8%) 0.801

Grade IV (%) 1(1.8%) 1(0.9%) 1.000

Grade V (%) 0(0.0%) 0(0.0%) —

Clavien–Dindo grade >II(%) 5(8.9%) 8(7.1%) 0.919
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Table 4 Analysis of risk factors
for conversion Variables Univariate Multivariate

No. of conversion (%) P value OR (95% CI) P

Sex 0.093

Male 42(6.3)

Female 20(9.8)

Age 0.056

≤60 32(5.8)

>60 30(9.3)

BMI (kg/m2) < 0.001 0.001

<28 44(5.7) 1

≥28 18(17.5) 2.970(1.580–5.583)

Tumor size (cm) < 0.001 0.003

≤5 30(4.7) 1

>5 32(13.7) 2.317(1.334–4.026)

Extent of resection 0.209

DG 21(5.8)

TG 41(8.0)

Abdominal adhesion < 0.001 0.003

Absent 51(6.3) 1

Present 11(18.6) 3.202(1.482–6.918)

Tumor stage 0.001 0.003

I–II 14(3.7) 1

III 48(9.7) 2.593(1.375–4.889)

Surgeon’s experience 0.001 0.006

≥50 41(5.8) 1

<50 21(13.0) 2.259(1.259–4.054)

Number at risk
CONV 56      51     40     33      27     25      20

LAP 112     101     86 69       57      54      43

Fig. 1 Comparison of OS
between the CONV group and
LAP group of patients in
propensity score-matched cohort

2488 J Gastrointest Surg  (2021) 25:2484–2494



and long-term outcomes and identify risk factors for conversion
and long-term survival in patients with locally AGC.

In the present study, the baseline characteristics of the two
groups were not comparable in the entire cohort and, therefore,

it could be argued that the direct comparison of survival rate is
not appropriate for all patients because some factors could be
independently responsible for survival outcome, regardless of
the conversion.We used the propensity score matchingmethod

Number at risk
CONV 44 39 28 22 18 15 12

LAP 81 72 58 46 38 36 28

Fig. 3 Comparison of OS
between the CONV group and
LAP group of patients with stage
III in propensity score-matched
cohort

Number at risk
CONV 56      51     40     32 26 21 18

LAP 112     100 84 67 55 51 40

Fig. 2 Comparison of OS
between the CONV group and
LAP group of patients in
propensity score-matched cohort
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to reduce the effect of selection bias and potential confounding
due to the limits of the respective study.

Our results indicated that patients in the CONV
group are associated with increased operation time and
greater blood loss as compared with the LAP group.
Additionally, patients in the CONV group have a de-
layed recovery after surgery when we take time to first
flatus, time to start a liquid diet, time to ambulation,
and postoperative hospital stays into consideration.
Postoperative morbidity is always regarded as one of
the major concerns in clinical practice. Studies have
demonstrated that the occurrence of postoperative com-
plications has an adverse impact on short and long-term
outcomes of the patient after radical resection of gastric
cancer 19–21. In the present study, the overall postoper-
ative complication rate of the CONV and LAP group
was 16.1% and 12.5%, respectively. Although there is
a tendency favoring the LAP group in terms of overall
complication rate, we did not observe a significant dif-
ference between the two groups. Our recent research
reported that the occurrence of severe complication
was an independent risk factor of poor survival for pa-
tients with AGC underwent radical gastrectomy22. In the
present study, further analysis showed that the minor
and severe complication rates did not significantly differ
between the two groups. Regarding major individual
complications, no significant difference was found in

terms of anastomosis leakage, intra-abdominal abscess,
and wound infection.

Studies have reported that the learning curve of LG for
surgeons with rich experience is about 50 cases, and the con-
version from laparoscopic to open gastrectomy is always un-
avoidable for surgeons in the initial learning phase23, 24.
Between 2009 and 2010, two surgeons were at the initial
phase of the learning curve. So, we consider the surgeon’s
experience. The results of our multivariate analysis confirmed
that the surgeon’s experience in less than 50 cases was an
independent risk factor for conversion, along with obesity,
large tumor size, and the presence of abdominal adhesion.
Hence, we suggest that LG should be performed with care
for patients in advanced stages, large tumor size, and com-
bined with abdominal adhesion, especially for surgeons at
the learning phase.

Long-term survival outcomes are a key indicator for
assessing oncological safety, and few studies have
assessed the impact of conversion from laparoscopic to
open surgery on long-term outcomes for gastric cancer.
A previous meta-analysis reported that conversion from
laparoscopic to open colorectal cancer surgery may be
associated with adverse long-term oncological
outcomes25. However, we found that the baseline infor-
mation was unmatched in the study which may lower
the statistical power of the conclusion. Up to now, only
two small retrospective studies investigate the impact of
the conversion on long-term outcomes for patients with

Number at risk
CONV 44 39 28 22 18 15 12

LAP 81 71 56 45 37 35 27

Fig. 4 Comparison of DFS
between the CONV group and
LAP group of patients with stage
III in propensity score-matched
cohort
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gastric cancer9, 26. Studies on this topic are always lim-
ited by inadequate follow-up, unmatched groups, and
small sample size, indicating the evidence is still lack-
ing. Yue et al.9 reported that the 5-year OS of patients
with gastric cancer in the CONV group and LAP group
was 51% and 57% with a median follow-up of 37
months, respectively; the difference was not statistically
significant. Ye et al.26 reported the 5-year OS of pa-
tients with gastric cancer for the LAG group was simi-
lar to that in the LAP group with a median follow-up of
38 months. Comparing with previous studies, our study
is in a relatively large sample size with sufficient fol-
low-up. In this study, the propensity score-matched co-
hort analysis showed no statistically significant differences for
5-year OS or DFS with a median follow-up of 57 months. In
addition, the multivariate analysis showed that the presence of
lymphovascular invasion and high pTNM stage were

independent risk factors for adverse long-term survival,
whereas the conversion was not.

In this study, we could not evaluate the influence of timing
of conversion due to the limited number of patients who
underwent an early conversion. Further studies with a large
sample size are needed to identify the impact of timing of
conversion on survival outcomes.

It has been generally accepted that gastrectomy with a suf-
ficient number of lymph nodes dissection could improve the
long-term prognosis of gastric cancer patients27–29. Our results
revealed that there is no significant difference between the
CONV and LAP groups in terms of the number of retrieved
lymph nodes. Extensive studies have confirmed that the pos-
itive resection margin is associated with poor oncological out-
comes for gastric cancer30–32. Large tumor size is always iden-
tified as an independent risk factor for positive margin33. In
the current study, patients with tumor size larger than 5cm

Table 5 Univariate and
multivariate analyses of
prognostic factors for overall
survival

Variables Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (years) 0.795

≤60 1 1

>60 1.301 0.677–1.681

Sex 0.839

Male 1 1

Female 0.839 0.521–1.350

BMI (kg/m2) 0.470

≤25 1 1

>25 1.175 0.759–1.818

Tumor size (cm) 0.746

≤5.0 1 1

>5.0 1.067 0.721–1.580

Histological type 0.686

Well/moderately 1 1

Poorly/undifferentiated 1.286 0.842–2.215

Lymphovascular invasion < 0.001 < 0.001

Absent 1 1 1 1

Present 2.579 1.721–3.865 2.184 1.445–3.302

pTNM stage < 0.001 0.001

I–II 1 1 1 1

III 3.077 1.794–5.278 2.549 1.469–4.422

Postoperative chemotherapy 0.836

No 1 1

Yes 0.836 0.482–1.453

Conversion 0.805

No 1 1

Yes 1.054 0.697–1.593

HR, hazard ratio; CI, confidence interval
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account for more than 50%, and R0 resection could also
be performed for these high-risk cases. These results
suggest that patients in the CONV group could also
obtain radical gastrectomy, indicating the conversion
did not reduce the oncological safety.

Patients in previous studies are always in a relatively
early stage, indicating a favorable prognosis for these
cases. In China, most patients with gastric cancer are
diagnosed at an advanced stage. In this study, patients
in stage III account for 74.4% of the propensity score-
matched cohort. Patients with Stage III GC still have a
high incidence of recurrence and a poor prognosis. The
stage-specific analysis showed that 5-year OS and DFS
rates did not significantly differ between CONV and
LAP patients for patients with stage III. This suggested
that patients who underwent conversion could also have
comparable long-term survival outcomes as compared
with those who underwent successful laparoscopic oper-
ations for cases with more advanced stage.

Some limitations of our present study need to be noted.
First, this is a single-center non-randomized study and some
inherent confounding factors could not be offset by the

propensity score matching method. Also, the CONV group
is in a small sample size which may lead to an unpowered
conclusion. Finally, there is currently no consensus on the
specific definition of conversion, and this may differ between
surgeons. Despite the limitations of this study, our results still
provide valuable evidence in clinical practice.

In conclusion, the conversion from laparoscopic to
open gastrectomy did not adversely influence morbidity
and long-term survival outcomes for patients with local-
ly AGC. Large tumor size, abdominal adhesion, obesity,
and insufficient surgeon’s experience are independent
risk factors for conversion.
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