
Abstract. Background/Aim: Elderly patients usually have
various comorbidities. Laparoscopic gastrectomy as a
minimally-invasive treatment might be feasible for these
patients. The aim of this study was to evaluate the safety and
efficacy of laparoscopy-assisted distal gastrectomy (LADG) in
elderly patients with gastric cancer by comparing the surgical
outcomes and prognosis. Patients and Methods: We analyzed
136 patients who had undergone LADG between January 2013
and December 2014. We compared elderly patients (75 years
old or more) with non-elderly patients. Results: The incidence
of all postoperative complications did not differ between
groups, and there were no significant differences in the time to
first oral intake or the duration of postoperative hospital stay.
The 3-year overall and recurrence-free survival rates were not
significantly different between the groups. Conclusion: LADG
is a safe and less invasive treatment for gastric cancer in
elderly patients, who have a greater incidence of comorbidity.

Gastric cancer is the fifth most common and the third leading
cause of cancer-related death from malignancies worldwide,
with an especially high incidence in East Asian countries (1).
The average age of the population and consequently the
number of elderly people has been increasing all over the
world (2). The number of Japanese people aged 65 years or
older has nearly quadrupled in the past 40 years to comprise
27% of the total population in 2016 (Statistics Bureau,

http://www.stat.go.jp/english/data/jinsui/tsuki/index.htm),
making Japan the country with the highest proportion of
elderly people in the world. Therefore, the incidence of gastric
cancer among the elderly has increased, and it is expected that
a larger number of these elderly patients will be candidates for
gastric resection (3). However, elderly patients generally have
decreased physical function, various comorbidities and the
potential risk of postoperative complications (4, 5). 

Recently, several studies have suggested that laparoscopic
or laparoscopy-assisted gastrectomy is more suitable for
elderly patients with early gastric cancer than conventional
open gastrectomy because of its minimal invasiveness (6, 7).
In addition, laparoscopic gastrectomy has shown acceptable
surgical outcomes in such patients, comparable to those in
non-elderly patients (8-11). However, most of the studies
focused only on surgical outcome, and very few on the
prognosis of elderly patients with gastric cancer who
underwent laparoscopic gastrectomy. 

In this study, we evaluated the surgical short-term outcome
of laparoscopy-assisted distal gastrectomy (LADG) in patients
with gastric cancer aged 75 years and over and in non-elderly
patients, and analyzed the prognosis of these two groups. 

Patients and Methods
Patients. This study evaluated 136 patients who had undergone LADG
including regional lymph node dissection for gastric cancer between
January 2013 and December 2014 at our Institute. All patients were
diagnosed according to the Japanese Classification of Gastric
Carcinoma by the Japanese Gastric Cancer Association (12). No
patients in the present study had received neo-adjuvant chemotherapy.
As an objective evaluation of patient status, the American Society of
Anesthesiologists (ASA) score was examined (13). The median length
of follow-up for censored cases was 37 months (range=6-56 months).
All patients were informed of this study, and written informed consent
was obtained. The present study was approved by the Institutional
Review Board of our hospital (No.17-192). We divided the patients
into two groups: elderly (aged ≥75 years, 36 patients) and non-elderly
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(aged <74 years, 100 patients). The clinicopathological characteristics,
short-term surgical outcomes and 3-year prognosis were compared
between the two groups.

Operative techniques. Standard operability for each case was decided
according to the Japanese Gastric Cancer Treatment Guidelines (14).
For both groups, surgery was performed by the same procedure. A
12-mm camera port was inserted below the umbilicus by the open
technique, and pneumoperitoneum was induced with carbon dioxide
up to a pressure of 10 mmHg then the other four ports were inserted.
After resection of the stomach, a 7-cm incision was made in the
midline of the upper abdomen. For anastomosis, Billroth type I
reconstruction was performed directly through the small incision.
When the gastric remnant was small or tension was noted at the
anastomosis in obese patients, the Roux-en-Y or Billroth type II
method was used (15).

Statistical analysis. Clinicopathological variables pertaining to the
corresponding patients were analyzed for statistical significance using
the chi-squared test or Fisher’s exact test. For the analysis of survival,
Kaplan–Meier survival curves were constructed for groups based on
univariate predictors, and differences between the groups were
analyzed with the log-rank test. Differences were assessed with a two-
sided test and were considered statistically significant at p<0.05.

Results

Patient characteristics. The clinicopathological characteristics
of all 136 patients are shown in Table I. The mean age of the
elderly group was 79.3±3.3 years, with 27 men and nine
women. The mean body-mass-index (BMI) was 23.2±2.4
kg/m2. The elderly group had significantly higher ASA scores
(ASA≥3, 22% vs. 7%, p=0.0252) and lower preoperative
hemoglobin and albumin than the non-elderly group, whereas
sex, BMI, tumor size and histological type of tumor were
similar in the two groups. A total of 21 patients (58%) had
stage I, seven (19%) had stage II, and eight (22%) had stage
III tumors in the elderly group, and there were no significant
differences in the pathological stages between the two groups.

Short-term surgical outcomes. In the elderly group, 12 patients
(33%) underwent D2 lymph node dissection. The mean
operative time was 296.5±63.0 minutes, and the mean
intraoperative blood loss was 66.4±84.6 ml. Compared to the
non-elderly group, there were no significant differences in the
reconstruction methods, operative time, operative blood loss
and the level of lymph node dissection, whereas the number of
harvested lymph nodes was smaller in the elderly group (Table
II). The time to first oral intake after surgery and the duration
of postoperative hospital stay were similar for both groups.
After surgery, there were no significant differences in overall
complications between the elderly (28%) and non-elderly
(15%) groups (p=0.1301). Moreover, there were also no
significant differences in the severity of complications of
Clavien-Dindo grade IIIa and above between the two groups
(11% vs. 5%, p=0.2442). In this study, no patient died after

surgery during the hospital stay. Among the postoperative
complications, anastomotic stenosis was more common in the
elderly group (8% vs. 1%, p=0.0567); however, this result was
not statistically significant. The incidences of other
complications were similar between the two groups (Table III). 

The median follow-up periods of the elderly and non-
elderly groups were 38 (10-50 months) and 39 (6-51 months),
respectively. Of all 38 patients with stage II and III cancer,
25 received adjuvant chemotherapy (eight out of 15 in the
elderly group; 17 out of 23 in the non-elderly group). The 3-
year overall survival (OS) rate was 87.9% in the elderly
group and 95.9% in the non-elderly group (p=0.1195) (Figure
1). No significant difference was observed in the 3-year
recurrence-free survival (RFS) rate between the two groups
(88.1% in the elderly group and 92.7% in the non-elderly
group), whereas the 3-year disease-specific survival (DSS)
rate was significantly lower in the elderly group (87.9%) than
in the non-elderly group (97.9%) (p=0.0277) (Figure 1).
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Table I. Patient characteristics.

                                                     LADG group (n=136)

                                                  Elderly         Non-elderly        p-Value*
                                                  (n=36)              (n=100)

Age (years)a                           79.3 (3.3)          63.3 (8.8)           <0.0001
Gender, n (%)                                                                               0.8289 
   Male                                       27 (75)              72 (72)                    
   Female                                    9 (25)               28 (28)                    
BMI (kg/m2)a                         23.2 (2.4)          22.6 (3.0)            0.3110 
Hemoglobin (g/dl)a                12.5 (1.7)          13.4 (2.0)            0.0398
Albumin (g/dl)a                       4.1 (0.4)            4.3 (0.6)             0.0146
ASA score, n (%)                                                                         0.0252
   1, 2                                         28 (78)              93 (93)                    
   3                                              8 (22)                 7 (7)                      
Tumor size (mm)a                 44.3 (21.9)        37.1 (18.4)           0.0593 
Histological type, n (%)                                                              0.2230 
   Differentiated                        16 (44)              32 (32)                    
   Undifferentiated                    20 (56)              68 (68)                    
TNM classificationb                                                                          
pT category, n (%)                                                                       0.1450 
   1                                             22 (61)              72 (72)                    
   2, 3, 4                                     14 (39)              28 (28)                    
pN category, n (%)                                                                       0.0755 
   0                                             22 (61)              73 (73)                    
 1, 2, 3                                     14 (39)              27 (27)                    

pStage, n (%)                                                                               0.1073 
   I                                              21 (58)              77 (77)                    
   II                                              7 (19)               13 (13)                    
   III                                            8 (22)               10 (10)                    

LADG: Laparoscopy-assisted distal gastrectomy; BMI: body mass index;
ASA: American Society of Anesthesiologists. Statistically significant
values are shown in bold type. *Chi-squared or Fisher’s exact test.
aValues are shown as means (standard deviations). bAccording to the
Union for International Cancer Control (UICC) staging.



Discussion

LADG for early gastric cancer was first introduced in 1991 (16).
During the past two decades, laparoscopic gastric cancer surgery
has become increasingly common in Eastern Asia (17-19).
Owing to shorter hospital stays and lower postoperative
complication rates, laparoscopic surgery is widely performed for
patients with gastric cancer, especially for those with early stage
disease (20, 21). Many authors have reported its safety and
effectiveness compared with open distal gastrectomy (9, 22-26).
In large-scale phase III multicenter prospective randomized
controlled trials for stage I gastric cancer (JCOG0912, KLASS-
01), it was confirmed that LADG was as safe as open distal
gastrectomy in terms of adverse events and short-term clinical
outcomes (27, 28). This suggested that laparoscopic gastrectomy
was safe for elderly patients with early-stage gastric cancer. 

Some previous reports have suggested that elderly patients
with less functional reserve and more comorbid diseases may
be harmed by carbon dioxide pneumoperitoneum, which is
mostly harmless to non-elderly patients (29-31). However,
Suzuki et al. showed that carbon dioxide pneumoperitoneum
did not lead to severe morbidities in elderly patients (32).
Consistent with the present study, they found no severe
perioperative complications caused by carbon dioxide
pneumoperitoneum in elderly patients who had significantly

higher ASA scores. Several studies have also reported that
laparoscopic gastrectomy is safe for elderly as well as for
non-elderly patients in short-term surgical outcome (10, 11,
33-35). In addition, we found no significant differences in
intraoperative blood loss, operative time and complications
after surgery between the elderly and non-elderly groups. 

Moreover, LADG for gastric cancer in elderly patients
may be superior to conventional open resection in regard to
some surgical outcomes (36, 37). Zong et al. performed a
meta-analysis that compared laparoscopic and open
gastrectomy for elderly patients with gastric cancer. They
showed that laparoscopic gastrectomy significantly reduced
both surgery-related and systemic morbidities compared with
open gastrectomy and did not increase cardiopulmonary or
mental dysfunctions (7). However, in order to show whether
laparoscopic gastrectomy is technically feasible and
advantageous for elderly patients, a multi-center randomized
controlled trial with greatly increased sample sizes is needed
in the future.

Regarding the prognosis, there was no significant difference
in the 3-year OS nor RFS between the elderly and non-elderly
groups in this study. Although age distribution and follow-up
period were different, Yoshida et al. reported that 3-year OS
was significantly lower in their elderly group than in their
non-elderly group, but RFS was not different, as in our study.
In their study, 3-year OS was 74.2% in the elderly group (aged
≥80 years, 31 patients), and only one elderly patient died from
a recurrence of gastric cancer, whereas more patients died of
other diseases. In the present study, only one patient died due
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Table II. Intraoperative and postoperative data.

                                                           LADG (n=136)

                                                     Elderly        Non-elderly    p-Value*
                                                       (n=36)             (n=100)
                                                                                     
Mode of anastomosis, n (%)                                                        0.0649 
   Billroth I                                     23 (64)             81 (81)                
   Billroth II                                     0 (0)                 0 (0)                  
   Roux-en-Y                                  13 (36)             19 (19)                
Operative time (min)a               296.5 (63.0)     275.5 (63.3)      0.0900 
Intraoperative 
blood loss (ml)a                        66.4 (84.6)       53.3 (66.2)       0.3471 

Lymph node 
dissection n (%)c                                                                        0.3964 

   D1 or D1+                                  24 (67)             74 (74)                
   D2                                               12 (33)             26 (26)                
Lymph nodes 
resected, n (%)a                        34.6 (11.8)       41.6 (16.2)       0.0190

Time of first oral intake 
after surgery (day)b                          2                       2               0.2139 

Postoperative hospital 
stay (days)b                                      10                      9               0.2077 
                                                                          

LADG: Laparoscopy-assisted distal gastrectomy. Statistically significant
values are shown in bold type. *Chi-squared or Fisher’s exact test.
aValues are shown as means (standard deviations). bValues are shown
as medians. cAccording to the treatment guidelines issued by the
Japanese Cancer Association.

Table III. Postoperative complications.

                                                       LADG (n=136), n (%)

Complicationsa                              Elderly      Non-elderly    p-Value*
                                                       (n=36)            (n=100)
                                                                                     
Overall                                           10 (28)            15 (15)           0.1301 
Clavien-Dindo grade ≥IIIa            4 (11)               5 (5)             0.2442 
   Anastomotic leakage                    1 (3)                1 (1)             0.4608 
   Anastomotic stenosis                   3 (8)                1 (1)             0.0567 
   Intestinal obstruction                   0 (0)                1 (1)              >0.99
   Chylous ascites                             0 (0)                2 (2)              >0.99
Clavien-Dindo grade l or ll           6 (17)             10 (10)           0.2842 
   Paralytic Ileus                               0 (0)                3 (3)             0.5654 
   Delayed gastric emptying            1 (3)                4 (4)              >0.99
   Chylous ascites                             1 (3)                0 (0)             0.2647 
   Wound infection                           1 (3)                0 (0)             0.2647 
   Pneumonia                                    1 (3)                2 (2)              >0.99
   Delirium                                       1 (3)                1 (1)             0.4608 
   Liver dysfunction                         1 (3)                0 (0)             0.2647 

LADG: Laparoscopy-assisted distal gastrectomy. *Chi-squared or
Fisher’s exact test. aAccording to a modification of the Clavien-Dindo
grading system.



to other diseases in the elderly group. Thus, our study
indicates that the low invasion of laparoscopic surgery could
be one of the means to prevent death from other diseases after
surgery. However, DSS was significantly lower in the elderly
group than in the non-elderly group in this study. One of the
reasons for this might be that elderly patients have poor
tolerability to chemotherapy. The number of elderly patients
with stage II and III cancer who were able to receive adjuvant
chemotherapy was smaller than that of non-elderly patients,
and there was only one elderly patient who was able to receive
chemotherapy after recurrence in this study. An appropriate
strategy for chemotherapy for elderly patients with gastric
cancer is an urgent issue.

In conclusion, the results of our study demonstrated that
LADG can be safely performed for both elderly and non-
elderly patients with gastric cancer. Furthermore, elderly
patients whose cancer did not recur after LADG had a good
prognosis similar to that of non-elderly patients. 
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