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Abstract

Background: As the incidence of gastric cancer increases in elderly patients worldwide, laparoscopic gastrectomy
(LG) for elderly patients with gastric cancer is also increasing. However, whether LG is an optimal surgical modality for
elderly patients with gastric cancer remains unclear. This study aimed to evaluate the technical and oncological safety
of LG for elderly patients > 80 years old with gastric cancer.

Methods: Patients who received curative gastrectomy for gastric cancer from 2003 to 2015 were enrolled in the
study. They were divided into the LG in elderly patients aged over 80 years (LG-E) group, open gastrectomy (OG)

in elderly patients (OG-E) group, and LG in non-elderly patients < 80 years (LG-NE) group. Patients’demographics
and short- and long-term outcomes, such as postoperative complications and 5-year survival rate, were compared
between the three groups, retrospectively.

Results: The LG-E, OG-E, and LG-NE groups comprised 45, 43, and 329 patients, respectively. In the comparison
between the LG-E and OG-E groups, the incidence of distal gastrectomy (DG) and the proportions of patients with
pathological tumor stage T1, pathological NO, and final stage | were significantly higher in the LG-E versus OG-E group
(89 vs. 56%, 76% vs. 16%, 82% vs. 37%, and 84% vs. 35%, p < 0.01, respectively). Blood loss and the incidence of overall
postoperative complications in the LG-E group were significantly lower than those in the OG-E group (40 vs. 240 g,
p<0.01,and 29% vs. 53%, p < 0.05, respectively). Although the 5-year overall survival (OS) rate was not significantly
different between the two groups, the 5-year disease-specific survival (DSS) rate was significantly higher in the LG-E
group versus OG-E group (93% vs. 78%, p < 0.05). Overall comorbidities were significantly higher in the LG-E group ver-
sus LG-NE group, but there were no significant differences in short-term outcomes between the two groups. Further,
although the 5-year OS rate was significantly lower in the LG-E group versus LG-NE group (67% vs. 87%, p <0.01), there
was no significant difference between the two groups in 5-year DSS rate.

Conclusion: LG is technically and oncologically safe for the treatment of gastric cancer in both elderly patients aged
>80 years and the non-elderly and can be an optimal surgical modality for elderly patients with gastric cancer.
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Background

Gastric cancer is the 6th most common cancer type and
*Correspondence: norioh@oita-uac,jp the third leading cause of death among all malignan-
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leading cause of cancer-related deaths in 2019 [2]. In
addition, Japan is faced with an unprecedented ageing
society due to the extension of life expectancy. Accord-
ing to the World Health Statistics published by World
Health Organization in 2021, the average life span
of the Japanese is 84.3 years, which is the longest life
expectancy in the world for both men and women [3].
Consequently, the incidence of gastric cancer in elderly
patients has been increasing year by year in Japan, with
more than 30% of gastric cancer patients now aged
80 years or over [4].

Laparoscopic gastrectomy (LG) for the treatment of
gastric cancer has been widely performed throughout
the world because of its advantages, such as less dam-
age to the patients, faster recovery of digestive func-
tion, and shorter hospital stay compared with open
gastrectomy (OG) [5-8]. Many previous studies includ-
ing large-sample, multicenter, and randomized con-
trolled trials have demonstrated these clinical benefits
of LG for gastric cancer [9-12]. Thus, LG has been
regarded as a standard procedure for early gastric can-
cer, and the indication for LG is expanding to advanced
gastric cancer [13—-15]. Then, LG has also been rapidly
used in elderly patients aged 80 years or older with
gastric cancer in Japan. However, these previous clini-
cal trials of LG were conducted on patients excluded
the elderly patients aged 80 years or older, because it
is often considered that elderly patients have high risk
factors for gastrectomy due to decreased organ func-
tion and many comorbidities. Therefore, technical and
oncological safety of LG for gastric cancer in elderly
patients > 80 years old is still unclear.

This study aimed to evaluate the technical and onco-
logical safety of LG for elderly patients>80 years old
with gastric cancer, and to clarify whether LG is an opti-
mal procedure for elderly patients with gastric cancer.

Patients and methods

Patients

Four-hundred seventeen patients with gastric cancer
who had undergone curative surgery in our department
between January 2003 and December 2015 were enrolled
in this study. All patients judged by the anesthesiologist
to be operable were indicated for surgery. Patients who
had undergone palliative and emergent operations were
excluded (=39, 9%). All patients were classified into
three groups. The LG in elderly patients (LG-E) group
included 45 patients aged > 80 years who had undergone
LG. The OG in elderly patients (OG-E) group included
43 patients aged > 80 years who had undergone OG. The
LG in non-elderly patients (LG-NE) group included 329
patients aged < 80 years who had undergone LG.

Page 2 of 10

Methods

Patients’ demographics, preoperative and operative
variables, clinicopathological findings, and postopera-
tive short- and long-term outcomes for all patients were
obtained from the patients’ medical records, operation
records, and pathology records in our hospital data-
base. The three groups were examined and compared in
terms of patient characteristics such as age, sex, body
mass index, presence of symptoms, previous endo-
scopic mucosal dissection (ESD), previous abdominal
surgery, comorbidities, and pathological findings includ-
ing tumor location, tumor differentiation, tumor size,
pTNM staging as determined on the basis of the 14"
edition of the Japanese Classification of Gastric Carci-
noma [16], and short-term outcomes including opera-
tion time, blood loss, intraoperative complication, days
to solid diet, length of hospital stay, and postoperative
complications. Postoperative mortality was defined as
death within 30 days of operation. Postoperative compli-
cations included anastomotic leakage, ileus, enterocol-
itis, intra-abdominal abscess, delayed gastric emptying,
and pneumonia were defined as any condition requir-
ing conservative or surgical treatment occurring within
30 days after operation. Postoperative complications
were assessed using the Clavien-Dindo classification
(CD) categories [17]. From the pathological records, the
depth of invasion was examined at the longest cut sec-
tion line of the tumor, and lymph node metastasis was
examined at the largest cut section of the lymph node. All
tissues were examined by expert pathologists. Long-term
outcomes were compared between each group in terms
of 5-year overall survival (OS) and 5-year disease-spe-
cific survival (DSS). Patients were routinely followed up
every 6 months during the first 5 years. OS was defined
as the period between the date of operation to the date of
death for any cause or the end of follow-up, and DSS was
defined as the period between the date of operation and
the date of death due to primary gastric cancer or the end
of follow-up.

This study was approved by the Ethical Committee of
Oita University Faculty of Medicine (Approval No. 542),
and all patients included in the study gave their written
informed consent.

Statistical analysis

Quantitative data are given as the median and range. Dif-
ferences between the three groups were assessed by the
chi-square test, Fisher’s exact test, or Mann—Whitney U
test as appropriate. Long-term outcomes were compared
between each group by log-rank test and are summarized
as Kaplan—Meier curves and hazards ratios with 95%
confidence intervals. A p-value of<0.05 was considered
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to indicate statistical significance. These analyses were
carried out using SPSS ver. 24 (SPSS Inc., Chicago, IL,
USA).

Results
Characteristics of the patients in the three groups
are given in Table 1. The average age of the patients in
the LG-E, OG-E, and LG-NE groups were 84, 84, and
64 years, respectively. The frequency of patients with
preoperative symptoms was lower in the LG-E group
versus OG-E group (42% vs. 63%, p<0.05). The LG-E
group had a higher percentage of patients with previous
ESD than the OG-E and LG-NE groups (24% vs. 2% and
12%, p<0.01 and p<0.05, respectively). The incidence of
overall comorbidities was significantly higher in the LG-E
group versus LG-NE group (67% vs. 48%, p <0.05). Total
gastrectomy was performed less frequently in the LG-E
group than in the OG-E group (4% vs. 44%, p<0.01).
Pathological findings and short-term outcomes can be
compared between the LG-E and OG-E groups in Table 2.
Regarding tumor location, the frequency of upper gastric
cancer was lower in the LG-E group versus OG-E group
(13% vs. 35%, p<0.05). The median tumor size in the
LG-E group was smaller than that in the OG-E group (36
vs. 69 mm, p <0.01). The proportions of patients who had
pathological tumor stage T1, pathological NO, and final
stage I were significantly higher in the LG-E group versus
OG-E group (76% vs. 16%, 82% vs. 37%, and 84% vs. 35%,

Table 1 Patient characteristics
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p<0.01, respectively). Regarding the short-term out-
comes, the amount of blood loss in the LG-E group was
significantly lower than that in the OG-E group (40 vs.
240 g, p<0.01). However, there were no significant differ-
ences in operation time, the incidence of intraoperative
complications, and days to solid diet between the two
groups. The incidence of overall postoperative complica-
tions in the LG-E group was significantly lower than that
in the OG-E group (29% vs. 53%, p <0.05), and the length
of hospital stay in the LG-E group was shorter than that
in the OG-E group (19 vs. 24 days, p <0.05). In the analy-
sis of long-term outcomes, although there was no signifi-
cant difference between the two groups in 5-year OS rate
(67% vs. 58%) (Fig. 1a), the 5-year DSS rate in the LG-E
group was significantly higher than that in the OG-E
group (93% vs. 78%, p <0.05) (Fig. 1b).

Pathological findings and short-term outcomes can
be compared between the LG-E and LG-NE groups in
Table 3. There were no significant differences in the
pathological findings between the two groups. Among
the short-term outcomes, there were no significant dif-
ferences in operative methods, operation time, blood
loss, the incidence of intraoperative complications, days
to solid diet, length of hospital stay, and the incidence
of postoperative complications between the two groups.
Regarding the long-term outcomes, the 5-year OS rate in
the LG-E group was significantly lower than that in the
LG-NE group (67% vs. 87%, p<0.01) (Fig. 2a), but the

Factors LG-E group OG-E group LG-NE group LG-E vs OG-E LG-E vs LG-NE
(n=45) (n=43) (n=329) P-value P-value
Age (years, mean =+ SD) 84+3 84+3 64+11 NS <0.01
Gender
Male 34 (76%) 30 (70%) 220 (67%) NS NS
Female 11 (24%) 13 (30%) 109 (33%)
Body mass index 22+3 2143 2343 NS NS
Presence of symptom 19 (42%) 27 (63%) 141 (43%) <0.05 NS
Previous endoscopic submu- 11 (24%) 1(2%) 39 (12%) <0.01 <0.05
cosal dissection
Previous abdominal surgery 11 (24%) 8 (19%) 98 (30%) NS NS
Comorbidities
Overall comorbidity 30 (67%) 30 (70%) 158 (48%) NS <0.05
Cardiac disease 8 (18%) 10 (23%) 39 (12%) NS NS
Hypertension 15(33%) 9 (21%) 57 (17%) NS <0.05
Diabetes mellitus 4 (9%) 3 (7%) 34 (10%) NS NS
Respiratory disease 5(11%) 9 (21%) 15 (5%) NS NS (0.08)
Renal disease 2 (4%) 1 (2%) 4 (1%) NS NS
Cerebrovascular disease 3 (7%) 6 (14%) 23 (7%) NS NS
Operative method DG/PG/TG 40 (89%)/3 (7%)/2 (4%) 24 (5690)/0/19 (44%) 277 (84%)/28 (9%)/24 (7%) <0.01 NS

LG-E Laparoscopic gastrectomy in elderly patients, OG-E Open gastrectomy in elderly patients, LG-NE Laparoscopic gastrectomy in non-elderly patients, SD Standard
deviation, NS Not significant, DG Distal gastrectomy, PG Proximal gastrectomy, TG Total gastrectomy
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Table 2 Pathological findings and short-term outcomes in the LG-E and OG-E groups
Factors LG-E group OG-E group P-value
(n=45) (n=43)
Pathological findings
Tumor location
Upper 6 (13%) 15 (35%) <.05
Middle 19 (42%) 11 (26%)
Lower 20 (44%) 17 (40%)
Tumor differentiation
Well/moderately 29 (64%) 20 (47%) NS (0.07)
Poorly/mucinous 16 (36%) 23 (53%)
Tumor size (mm, mean £ SD) 36420 69+37 <.01
pT stage
T 34 (76%) 7 (16%) <.01
T2-T4 11 (24%) 36 (84%)
pN stage
NO 37 (82%) 16 (37%) <.01
N1-N2 8 (18%) 27 (63%)
TNM Stage
\ 38 (84%) 15 (35%) <.01
-1V 7 (16%) 28 (65%)
Short-term outcomes
Operation time (min, mean =+ SD) 288484 258473 NS (0.08)
Blood loss (g, mean £ SD) 86162 433+£515 <.01
Lymph node dissection
<D2 38 (84%) 20 (47%) <.01
D2 7 (16%) 23 (53%)
Intraoperative complication 0 0 NS
Days to solid diet (days, mean £ SD) 56+£52 54+24 NS
Length of hospital stay (days, mean 4 SD) 1949 24413 <.05
Postoperative complication
Mortality 0 0 NS
Overall morbidity 13 (29%) 23 (53%) <.05
Overall morbidity (CD grade 3 or more) 2 (4%) 6 (14%) NS
Anastomotic leakage 1 (2%) 4 (9%) NS
lleus 0 1 (2%) NS
Enterocolitis 2 (4%) 3 (7%) NS
Intraabdominal abscess 0 1 (2%) NS
Delayed gastric emptying 4 (9%) 7 (16%) NS
Pneumonia 3 (7%) 6 (14%) NS
Others 4 (9%) 3 (7%) NS

LG-E Laparoscopic gastrectomy in elderly patients, OG-E Open gastrectomy in elderly patients, NS Not significant, SD Standard deviation, CD Clavien-Dindo

difference between the two groups in 5-year DSS (93% vs.
90%) was not significant (Fig. 2b).

Discussion

In the present study, the blood loss and the incidence of
postoperative complications were significantly lower in
the LG group than OG group in the elderly patients. The
5-year DSS rate in the LG group was better than that in

the OG group because of the higher frequency of patients
with advanced gastric cancer in the OG group. In com-
parison between the elderly and non-elderly LG groups,
there were no significant differences in the pathological
findings and short-term outcomes. Further, although the
5-year OS rate in the elderly group was worse than that
in the non-elderly group, there was no significant differ-
ence between the two groups in 5-year DSS. These results
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A.Comparison of 5-year overall survival between LG-E and OG-E groups
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Fig. 1 a Comparison of 5-year overall survival between the LG-E and OG-E groups. b Comparison of 5-year disease-specific survival between the

LG-E and OG-E groups. LG-£ laparoscopic gastrectomy in elderly patients, OG-E open gastrectomy in elderly patients

showed that LG for elderly patients with gastric cancer For elderly patients undergoing LG, it is gener-
is technically safe and less invasive than OG and is also  ally considered that special attention must be paid
oncologically safe, same as non-elderly patients. because of their reduced organ function and increased

co-morbidities, such as cardiac, pulmonary, and renal
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Table 3 Pathological findings and short-term outcomes in the LG-E and LG-NE groups
Factors LG-E group LG-NE group P-value
(n=45) (n=329)
Pathological findings
Tumor location
Upper 6 (13%) 62 (19%) NS
Middle 19 (42%) 136 (41%)
Lower 20 (44%) 131 (40%)
Tumor differentiation
Well/moderately 29 (64%) 174 (53%) NS
Poorly/mucinous 16 (36%) 155 (47%)
Tumor size (mm, mean £ SD) 36420 31421 NS
pT stage
T 34 (76%) 239 (83%) NS
T2-T4 11 (24%) 90 (27%)
pN stage
NO 37 (82%) 265 (81%) NS
N1-N2 8 (18%) 64 (19%)
TNM Stage
I 38 (84%) 271 (82%) NS
-V 7 (16%) 58 (18%)
Short-term outcomes
Operation time (min, mean = SD) 288484 306477 NS
Blood loss (g, mean £ SD) 86162 1024217 NS
Lymph node dissection
<D2 38 (84%) 256 (78%) NS
D2 7 (16%) 73 (22%)
Postoperative complication
Mortality 0 0 NS
Overall morbidity 13 (29%) 78 (24%) NS
Overall morbidity (CD grade 3 or more) 2 (4%) 26 (8%) NS
Anastomotic leakage 1 (2%) 5 (2%) NS
lleus 0 1(0.3%) NS
Enterocolitis 2 (4%) 2 (0.6%) NS (0.07)
Intraabdominal abscess 0 4 (1%) NS
Delayed gastric emptying 4 (9%) 38 (12%) NS
Pneumonia 3(7%) 8 (2%) NS
Others 4 (9%) 17 (5%) NS

LG-E Laparoscopic gastrectomy in elderly patients, LG-NE Laparoscopic gastrectomy in non-elderly patients, NS Not significant, SD Standard deviation, CD Clavien-

Dindo

diseases. However, some studies suggested that LG for
elderly patients with gastric cancer offers several clini-
cal advantages over OG, as in non-elderly patients.
Honda et al. reported in the first and largest prospec-
tive cohort study conducted in Japan that LG shortened
the length of the postoperative hospital stay more than
did OG in elderly patients with gastric cancer [18].
Tanaka et al. described that LG was safe and had some
advantages such as lower complication rate and faster
recovery than OG in propensity-matched patients aged

over 80 years [19]. In the present study investigating
the advantages and disadvantages of LG compared to
OG in the elderly, we also showed that short-term out-
comes including blood loss and the incidence of post-
operative complications were better in the LG group
than those in the OG group. It is general knowledge
that a reduction in intraoperative blood loss leads to a
decrease in postoperative complications [20]. Conse-
quently, although we haven’t introduced an enhanced
recovery after surgery protocol in our department yet,
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Fig. 2 a Comparison of 5-year overall survival between the LG-E and LG-NE groups. b Comparison of 5-year disease-specific survival between the

LG-E and LG-NE groups. LG-£ laparoscopic gastrectomy in elderly patients, LG-NE laparoscopic gastrectomy in non-elderly patients
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the length of hospital stay in LG group was also shorter
than that in the OG group, which suggests that LG
in elderly patients is not only safe but also less inva-
sive. We believe that LG for elderly patients is a use-
ful surgical procedure that can reduce postoperative
complications.

Gastrectomy for elderly patients with gastric cancer is
remarkably associated with a higher incidence of post-
operative pneumonia, which can lead to lowering of the
quality of life and postoperative death [21, 22]. Therefore,
many surgeons are concerned that elderly patients have
a limited capacity to tolerate gastrectomy. As well, more
attention has been paid in recent years to preoperative
evaluation of conditions such as sarcopenia and frailty
in elderly patients [19, 23]. Kim and Kim used propen-
sity score matching to investigate the outcomes of LG in
very elderly gastric cancer patients whose age exceeded
the average lifespan of the Korean population [24]. They
reported that only pulmonary complications were more
frequent in this elderly group. In their meta-analysis, Pan
et al. also showed that elderly patients with gastric cancer
were associated with a higher rate of pulmonary compli-
cations following LG [25]. We also investigated whether
there were any postoperative complications peculiar
to the elderly undergoing LG by comparison between
the LG-E and LG-NE groups. The proportion of overall
comorbidities was higher in the LG-E group than that in
the LG-NE group. However, there were no significant dif-
ferences in the incidences of postoperative complications
directly attributable to poor functional capacity, such
as postoperative pneumonia, between the two groups.
Other authors showed similar results. Komori et al
reported that the short-term outcomes after gastrectomy
without regard to approach were almost equal between
non-elderly and elderly patients [26]. Mikami et al. also
showed that there were no differences in short-term out-
comes including postoperative morbidity between elderly
and non-elderly patients who underwent LG [27]. Our
results showed that the rate of postoperative complica-
tions in the elderly patients did not increase compared
with that in the non-elderly patients, despite the higher
incidence of comorbidities in the elderly patients. We
believe that LG is more suitable for elderly patients with
gastric cancer because LG helps to prevent postoperative
pulmonary complications.

We also investigated whether LG would worsen
the prognosis in the elderly. Our study showed that
although the 5-year OS rate in the elderly group was
worse than that in the non-elderly group, there was no
significant difference in 5-year DSS rate between the
two groups. There is little evidence on the long-term
outcomes of LG compared to short-term outcomes
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in the elderly gastric cancer patients. Some studies
reported that long-term outcomes of elderly patients
in a laparoscopic group were similar to those for non-
elderly patients [28, 29]. Shimada et al. showed that
although 5-year OS was significant lower in the elderly
group than in the non-elderly group, 5-year DSS was
similar in the two groups, as with our results [30].
Ushimaru et al. reported that although DSS was simi-
lar between the laparoscopic and open groups among
young and elderly patients, the laparoscopic group was
associated with more favorable OS than the open group
only among the elderly patients because of the lower
number of deaths from respiratory diseases [31]. Some
reports indicated that the incidence of postoperative
complications was an important factor that influenced
long-term outcomes [24, 32—34]. In the present study,
the incidence of postoperative complications after LG
was equal between the elderly and non-elderly patients.
Therefore, we consider that LG without severe postop-
erative complications tends to lead to a good progno-
sis. To ensure favorable long-term outcomes in elderly
patients after LG, surgeons need to carefully perform
both the operation and perioperative intensive care to
prevent postoperative complications.

There are some limitations in this study. First, this
retrospective study was conducted in a single low-vol-
ume center. Second, because the patients weren't rand-
omized, there was selection bias in regard to the choice
of the operation method in this study because OG
tended to be selected for more advanced gastric can-
cer patients. It was difficult to apply case-matching due
to the insufficient sample size in this study. Third, we
could not evaluate postoperative delirium, nutritional
status, and quality of life after gastrectomy because of
the retrospective design. In the future, a larger-sized
prospective cohort study will be necessary.

In conclusion, LG for elderly patients aged > 80 years
with gastric cancer was technically safer and less inva-
sive than OG and provided acceptable oncologic out-
comes compared with non-elderly patients. Although
there was selection bias, our results suggest that LG
can be an optimal surgical modality for elderly patients
aged > 80 years with gastric cancer. To confirm our
findings, a multi-center prospective study with a larger
sample size will be required in the future.
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