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Introduction 

According to the GLOBOCAN database, gastric cancer 
(GC) is the fifth most common cancer and the third leading 
cause of cancer-related deaths worldwide (1). Notably, 
the incidence of GC increases steeply with age in Japan 
as well as worldwide (2,3). Although gastrectomy with D2 
lymphadenectomy (D2 gastrectomy) is a standard procedure 
for GC, some reports showed that elderly patients with 

GC had a higher risk of postoperative death than younger 
patients when the patients were divided into subgroups 
according to the different age ranges (4-6). 

Some reports have analyzed the long-term outcomes 
of open gastrectomy (OG) in elderly patients with GC. A 
retrospective propensity score-matching analysis (PSM) 
showed that gastrectomy had a positive impact on the OS 
in elderly patients compared to the best supportive care (7).  
Another PSM analysis of a multi-institutional dataset 
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showed that D2 open gastrectomy (D2 OG) conferred little 
oncological benefit despite increased mobility for elderly 
patients with GC (8). Therefore, gastrectomy is an essential 
treatment even for elderly patients with GC; however, D2 
OG cannot be recommended as a standard treatment. 

Recently, laparoscopic gastrectomy (LG), also known as 
minimally invasive surgery, has been widely used for GC, 
because it has better short-term postoperative outcomes 
and maintains oncological safety compared to OG (9-17).  
However, it should be noted that the subjects in those 
studies were relatively young and healthy patients. Lesser 
invasiveness and oncological safety of LG can be the same 
as that for elderly patients with GC. Therefore, considering 
that elderly patients are at a high risk of postoperative 
complications and death caused by other diseases in the 
long-term follow-up, it remains unclear whether D2 
laparoscopic gastrectomy (D2 LG) confers survival benefits 
similar to D2 OG. 

In this study, we aimed to evaluate whether D2 LG was 
beneficial for the elderly patients with GC, using a PSM 
analysis. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-21-640/rc). 

Methods 

Patients 

We retrospectively analyzed the cohort data of 865 
consecutive patients with GC who underwent radical LG 
with lymphadenectomy at our hospital between 2011 and 
2017. Patients who were older than 75 years were included, 
and their data were collected from the medical records. 
We excluded the patients with remnant gastric cancer, 
patients who underwent palliative surgery or R2 resection, 
patients who received neoadjuvant chemotherapy, patients 
with cT1N0 GC, and patients who underwent proximal 
gastrectomy. Lymphadenectomy was either D2 dissection 
(D2) or non-D2 dissection (Non-D2) based on the Japanese 
gastric cancer treatment guidelines (4). All operations were 
performed by experienced surgeons or trainee supervised by 
experienced surgeons. An experienced surgeon was defined 
as a qualified surgeon by the Endoscopic Surgical Skill 
Qualification System of the Japanese Society for Endoscopic 
Surgery. The clinical and pathological stages were recorded 
according to the 3rd English edition of the Japanese Gastric 
Cancer Classification (18).

Data definitions 

The short-term outcomes assessed included morbidity 
based on the Clavien-Dindo classification. Complications 
of CD grade II or higher were considered as postoperative 
complications, and complications of CD grade III or higher 
were considered as major complications. Pancreatic fistula 
was diagnosed on the basis of the international study group 
for pancreatic fistula (19). An intra-abdominal abscess was 
diagnosed when a patient had a fever of 38 ℃ or higher and 
intraperitoneal fluid collection demonstrated by MD-CT. 
Anastomotic leakage was defined as a defect of the gastric or 
intestinal wall at the anastomotic site, diagnosed by contrast 
swallow and/or MD-CT. Pneumonia was diagnosed by 
respiratory symptoms, blood tests, and X-ray or MD-
CT. Oncological safety was assessed by the 3-year overall 
survival (OS), relapse-free survival (RFS), cancer-specific 
survival (CSS), and pathological findings. Overall survival 
was defined as the time from the day of operation to death 
from any cause; RFS was defined as the time from the day 
of operation to the recurrent day or death from any cause; 
and CSS was defined as the time from the day of operation 
to death due to gastric cancer. 

Statistical analysis 

Continuous data were compared using the Mann-Whitney 
U test. The categorical variables were compared using the 
chi-square test or Fisher’s exact test. Statistical significance 
was set P<0.05. The overall survival, RFS, and CSS 
were assessed by plotting Kaplan-Meier curves. Cox’s 
proportional hazard model was used to estimate the hazard 
ratios (HRs) with 95% confidence intervals (CIs). 

Propensity score matching was conducted to reduce 
confounding effects. The propensity score is the probability 
that an individual patient would have been assigned to 
undergo D2 dissection, conditional on observed covariates. 
Propensity scores were estimated using a logistic regression 
model based on age, sex, body mass index, American Society 
of Anesthesiologists Physical Status (ASA-PS), clinical T, 
clinical N, and procedures. D2 cases were matched 1:1 to 
Non-D2 cases with similar pre-interventional probability 
without a replacement using a 0.2 caliper width. Although 
there is no consensus on which thresholds for standardized 
differences should be used to detect the residual imbalance 
across groups in matched samples, an absolute standardized 
difference of more than 0.25 was considered as a sign of 
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imbalance according to the some reports (20-22). The 
resulting score-matched pairs were analyzed subsequently. 
All statistical analyses were performed using the JMP 14 
software (SAS institute, Cary, NC, USA). 

Ethical statement 

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). It was approved 
by the ethics committee of Japanese Red Cross Osaka 
Hospital (J-0238). The requirement to obtain individual 
patient consent was waived given the retrospective nature of 
study. 

Results 

Patient characteristics 

We identified 119 consecutive eligible patients from the 
original cohort. Of these, 63 patients underwent D2 LG 
and 56 patients underwent Non-D2 LG. Propensity scores 
were estimated for each patient; additionally, the c-statistic 
was 83.3%, indicating a high discrimination ability. After 
matching, 52 patients (26 each for D2 and Non-D2) were 
included in the analysis group (Figure 1). 

Table 1 shows the patients’ backgrounds before and 
after matching. In our cohort, the candidates for D2 
were younger, and had better physical status, and more 
advanced clinical N than Non-D2 candidates. The rate of 
laparoscopic distal gastrectomy in the D2 group was higher 

than that in the Non-D2 group. After matching, all the 
variables were well balanced. 

Surgical and pathological findings 

Table 2 showed surgical outcomes and pathological findings. 
In the Non-D2 group, 24 and 2 patients underwent D1+ 
and D1 dissection, respectively. In the D2 group, 6 patients 
underwent D2+No.10 dissection. Of these, D2 laparoscopic 
total gastrectomy (LTG) with splenectomy was performed 
in 2 patients, and LTG with spleen-preserving D2 
dissection was performed in 4 patients. In clinical practice, 
we only place a drain for the patients at high risk. The 
drain placement rate was also similar between the groups 
(50.0% vs. 42.3%, P=0.78). The overall major complication 
rates were 3.9% in the D2 group and 0% in the Non-D2 
group (P=1.00). The D2 group had 1 pancreatic fistula, and 
3 intra-abdominal abscesses, and 1 anastomotic leakage. 
In contrast, the Non-D2 group had no intra-abdominal 
infectious complications. Pneumonia was observed in  
2 patients in each group. There are no significant difference 
in the retrieved lymph nodes and pathological findings 
between the D2 group and the Non-D2 group. 

Postoperative outcomes 

The median follow-up periods were 1,288 and 1,062 days 
in the D2 and Non-D2 groups, respectively. During the 
follow-up period, 8 patients and 5 patients experienced 

865 Total patients with gastric cancer who underwent  laparoscopic 
       gastrectomy with lymph node dissection

119  Evaluation for propensity score
          63  D2 dissection
          56  Non-D2 dissection

26  D2 dissection 26  Non-D2 dissection

630  Excluded patients
          141  Palliative surgery or R2 reaction
          466  <75 year-old
          7      Remnant gastric cancer
          16    Neoadjuvant chemotherapy
          116  cT1N0
          14    Laparoscopic proximal gastrectomy

Figure 1 Study design. 



70 Sakaguchi et al. D2 laparoscopic gastrectomy for elderly patients

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(1):67-76 | https://dx.doi.org/10.21037/jgo-21-640

Table 1 Variable used for propensity score calculation 

Variables
Before matching (n=119) Standardized 

difference†

After matching (n=52) Standardized 
differenceD2 (n=63) Non-D2 (n=56) P value D2 (n=26) Non-D2 (n=26) P value

Age, years, median 
(range)

78 (75–86) 81 (75–89) 0.0010 −0.66 80 (75–86) 81 (75–89) 0.8830 −0.07

Sex, n (%) 0.8391 0.7554

Male 44 (69.8) 41 (73.2) −0.07 18 (69.2) 20 (76.9) −0.17

Female 19 (30.2) 15 (26.8) 0.07 8 (30.8) 6 (23.1) 0.17

BMI, median (range) 21.9  
(14.8–28.3)

22.1  
(17.0–30.9)

0.0306 −0.26 22.1  
(17.4–27.1)

21.5  
(17.0–25.1)

0.4924 0.23

ASA-PS, n (%) 0.0484 0.7265

1/2 57 (90.5) 43 (76.8) 0.38 22 (84.6) 20 (76.9) 0.20

3 6 (9.5) 13 (23.2) −0.42 4 (15.4) 6 (23.1) −0.20

Clinical T stage, n (%) 0.7357 0.7659

T1b 1 (1.6) 0 (0) 0.18 0 (0) 0 (0)

T2 24 (38.1) 22 (39.3) −0.02 11 (42.3) 9 (34.6) 0.16

T3 25 (39.7) 20 (35.7) 0.08 10 (38.5) 10 (38.5) 0.00

T4 13 (20.6) 14 (25.0) −0.10 5 (19.2) 7 (26.9) −0.18

Clinical N stage, n (%) 0.0370 1.0000

N0 34 (54.0) 41 (73.2) −0.41 20 (76.9) 21 (80.8) −0.09

N1-3 29 (46.0) 15 (26.8) 0.41 6 (23.1) 5 (19.2) 0.09

Procedure, n (%) <.0001 1.0000

LDG 55 (87.3) 30 (53.8) 0.80 19 (73.1) 20 (76.9) −0.09

LTG 8 (12.7) 26 (46.4) −0.80 7 (26.9) 6 (23.1) 0.09
†, standardized difference is defined as the difference in means, scaled by the square root of the average of the two within-group 

variances: ( ) ( )2 2
2 1 2/ / 21d = x x s s− +  where 2,1x x  are group means, and 2 2

1 2,s s  are group variances. ASA-PS, American Society of 
Anesthesiologist Physical Status; BMI, body mass index; LDG, laparoscopic distal gastrectomy; LTG, laparoscopic total gastrectomy. 

recurrence in the D2 and Non-D2 groups, respectively 
(P=0.76). The patterns of the first recurrence site are shown 
in Table 3, and there was no significant difference in the 
patterns in both groups. The death rates in the D2 group 
were 50.0% and 34.6% in the Non-D2 group (P=0.40). 
Regarding the cause of death, gastric cancer related deaths 
were 19.2% and 7.7% in the D2 and Non-D2 groups, 
respectively (P=0.42). The 3-year CSS was 83.8% (95% 
CI: 0.64–0.94) and 90.5% (95% CI: 0.69–0.98) in the D2 
and Non-D2 groups, respectively (Figure 2). The HR was 
2.21 (95% CI: 0.47–15.47, P=0.35). The 3-year RFS was 
59.6% (95% CI: 0.40–0.77) in the D2 group and 50.3% 
(95% CI: 0.30–0.70) in the Non-D2 group, and HR was 

0.99 (95% CI: 0.44–2.27, P=0.99) (Figure 3). The 3-year OS 
was 68.8% (95% CI: 0.49–0.84) in the D2 group and 68.8% 
(95% CI: 0.47–0.84) in the Non-D2 group. HR was 1.53 
(95% CI: 0.56–3.19, P=0.53) (Figure 4). 

Discussion 

This study investigated the postoperative outcomes and 
oncological benefits after LG with or without D2 dissection 
in elderly patients with GC, using a PSM analysis. The 
results showed that D2 LG did not contribute to the 
oncological benefit for the elderly patients with GC; 
however, it tended to increase the complication rates.
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Table 2 Surgical outcomes and pathological findings for matched sample of patients undergoing laparoscopic gastrectomy with D2 or Non-D2 
dissection

Variables D2 (n=26) Non-D2 (n=26) P value

Operation time, min, median [range] 313 [202–482] 295 [185–471] 0.4983

Estimated blood loss, g, median [range] 2.5 [0–250] 0 [0–300] 0.3649

Drain placement, n (%) 13 (50.0) 11 (42.3) 0.7813

Time to oral intake, days, median [range] 5 [3–21] 5 [3–18] 0.9179

Postoperative hospital stay, days, median [range] 12 [5–32] 12 [9–56] 1.0000

Major complications (≥ Clavien-Dindo Grade III), n (%) 1 (3.9) 0 (0) 1.0000

Pancreatic fistula (≥ Clavien-Dindo Grade II), n (%) 1 (3.9) 0 (0) 1.0000

Intra-abdominal abscess (≥ Clavien-Dindo Grade II), n (%) 3 (11.5) 0 (0) 0.2353

Anastomotic leakage (≥ Clavien-Dindo Grade II), n (%) 1 (3.9) 0 (0) 1.0000

Pneumonia (≥ Clavien-Dindo Grade II), n (%) 2 (7.7) 2 (7.7) 1.0000

Retrieved lymph nodes, median [range] 44 [28–81] 38 [9–74] 0.1332

Pathological T stage, n (%) 0.1893

T1 1 (3.9) 2 (7.7)

T2 11 (42.3) 9 (34.6)

T3 4 (15.4) 10 (38.5)

T4 10 (38.5) 5 (19.2)

Pathological N stage, n (%) 0.4710

N0 8 (30.8) 13 (50.0)

N1 5 (19.2) 5 (19.2)

N2 6 (23.1) 3 (11.5)

N3 7 (26.9) 5 (19.2)

Pathological stage, n (%) 0.8516

I 6 (23.1) 8 (30.8)

II 6 (23.1) 7 (26.9)

III 12 (46.2) 9 (34.6)

IV 2 (7.7) 2 (7.7)

Residual tumor, n (%) 1.0000

R0 22 (84.6) 23 (88.5)

R1 4 (15.4) 3 (11.5)

We targeted only the patients who oncologically needed 
the D2 dissection for accurate comparison; additionally, 
we used a PSM analysis to minimize the confounding 
factors. We considered a covariate balanced if the absolute 
standardized difference was less than 0.25, although 0.25 
was a rough cut-off compared to 0.10 of cut-off (20). 

Therefore, even though the covariates’ standardized 
difference was below 0.25, they should be carefully 
evaluated, because they may yield a bias in the treatment 
effect estimate. In clinical practice, the clinical N stage and 
procedure are important factors by which the surgeons 
decide the extent to which the lymphadenectomy should 
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be performed. Additionally, the absolute standardized 
differences of the two covariates were less than 0.10, which 
meant that the covariates that were strongly associated with 
the outcomes were well-balanced. Therefore, we believe 
that this study had high comparability and reliable results 
and may contribute to the clinical question whether LG 
with the D2 dissection is oncologically beneficial for the 
elderly patients with GC.

This study showed that the D2 group had 11.5% of 
pancreatic fistula or intra-abdominal abscess, whereas 

none in the Non-D2 group did. One patient underwent 
LTG with splenectomy (LTGS). LTGS was reported to 
be associated with a high incidence of intra-abdominal 
infectious complications due to pancreatic ischemia or 
congestion, and mechanical damage to the pancreas (23). 
However, the others underwent LDG. We speculated 
that the intraoperative compression of the pancreas or 
thermal damage to the pancreas by an energy device for the 
extended lymphadenectomy might be partly responsible. In 
fact, the comparison of the two Korean randomized control 

Table 3 Postoperative outcomes for matched sample of patients undergoing laparoscopic gastrectomy with D2 or Non-D2 dissection

Variables D2 (n=26) Non-D2 (n=26) P value

Adjuvant chemotherapy, n (%) 7 (26.9) 5 (19.2) 0.7432

Recurrence, n (%) 8 (30.8) 6 (23.1) 0.7554

First recurrence site, n

Lymph nodes 2 2 1.0000

Peritonium 3 1 0.5804

Liver 1 2 0.5385

Lung 1 0 1.0000

Others 1 1 1.0000

Total death, n (%) 13 (50.0) 9 (34.6) 0.4001

Cause of death, n (%)

Gastric cancer 5 (19.2) 2 (7.7) 0.4189

Others 3 (11.5) 4 (15.4) 1.0000

Unknown 5 (19.2) 3 (11.5) 0.7030

Hazard ratio =2.21 (95% CI 0.47-15.47, P=0.35)

No. at risk
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trials (RCT), KLASS-01 for early GC, and KLASS-02 
for advanced GC, showed that LDG with D2 dissection 
was associated with an increased occurrence of these 
complications compared to LDG with D1+ (24,25). 

The overall survival, which was the primary outcome of 
this study, was not significantly different between in the D2 
and Non-D2 groups (3-year OS 68.8% vs. 68.8%, Figure 4).  
Similarly, no significant differences were found in CSS 
and RFS. These outcomes were unexpected, because D2 
LG could decrease the residual of the positive LNs and 
thus reduce the recurrence rate in theory. An Italian study 
comparing D1+ and D2 in GC using PSM showed that the 
lymph node harvest (LNH) favors D2 LG (26). However, 
there was no significant difference in the LNH in this 

study (D2 vs. Non-D2 = 44 vs. 38, P=0.1332). According 
to a 25,000 patient international database study, 29 LHNs 
were associated with an optimum survival benefit in patients 
with GC undergoing gastrectomy (27). The LNH in the 
Non-D2 LG in this study was much higher than 29. This 
result is a possible explanation for the lack of significant 
differences in the OS, CSS, and RFS. 

A previous retrospective analysis comparing D2 with 
Non-D2 in a cohort of patients older than 80 years, using 
PSM showed similar results. Almost all the patients received 
OG. The rate of CD grade II or higher intra-abdominal 
abscess was significantly higher in the D2 group. The 
3-year OS rate of the D2 group was lower than that of the 
Non-D2 group, although the difference was not significant. 
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Therefore, they concluded that OG with D2 dissection for 
patients older than 80 years conferred little benefit despite 
an occurrence of increased complication rate (8). 

This study had several limitations. First, this study was 
a single institutional retrospective study; therefore, it was 
subject to unobserved bias. Second, although PSM was able 
to achieve balance on the measured covariates, selection 
bias could not be eliminated. Notably, both groups were 
well-balanced in terms of patients’ characteristics; however, 
pathological findings showed that the D2 group tended to 
have more advanced GC compared to the Non-D2 group. 
This might have influenced the long-term outcomes. 
Third, we did not evaluate the elderly patients based on a 
comprehensive geriatric assessment (CGA) and judged them 
as fit, vulnerable, and frail. CGA is an established method 
for evaluating the comorbidities, mental status, nutritional 
status, social circumstances, and polypharmacy, and may 
have a positive impact on the postoperative outcomes 
(28,29). Some reports showed a significant relationship 
between frailty and postoperative morbidity (30).  
The major complication rates in this study were lower than 
those reported in the previous study (14). Considering 
these results, it is possible that we empirically selected high-
risk patients who should undergo limited operations. It 
is important to develop a strategy for selecting high-risk 
patients who cannot tolerate D2 dissection. 

Conclusions

This study showed that LG with D2 and Non-D2 were 
comparable in terms of oncological benefit; however, D2 
LG tended to be associated with an increased occurrence of 
complications. These findings indicated that D2 LG could 
not be routinely recommended for elderly patients with GC.
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