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Abstract. Background/Aim: Although laparoscopy-assisted
gastrectomy (LAG) is widely used for the treatment of gastric
cancer, its safety and feasibility for elderly patients remains
controversial. We herein examined the impact of age on the
early surgical outcomes of LAG with suprapancreatic nodal
dissection for elderly patients with clinical stage I gastric
cancer. Patients and Methods: This retrospective study
included 292 patients undergoing LAG with suprapancreatic
nodal dissection for clinical stage I gastric cancer. We
divided patients into an elderly group (age =75 years; n=55)
and non-elderly group (age <75 years; n=237). Preoperative
conditions, operative findings and postoperative outcomes,
including complications, were compared between these two
groups. Results: The elderly group had a higher incidence of
co-morbidities (61.8%) and lower forced expiratory volume
in 1 second/forced vital capacity (74.8%). Preoperative
levels of hemoglobin (Hb) and serum albumin (Alb), as well
as the total lymphocyte count (TLC) were lower in the
elderly group (p<0.001, <0.001 and =0.018, respectively).
No significant differences were observed in intraoperative
findings between the two groups. The incidence of overall
and surgical complications in the elderly group (21.8% and
14.5%, respectively) did not significantly differ from those in
the non-elderly group. The frequency of non-surgical
complications in the elderly group (9.1%) was significantly
higher (p =0.018), whereas no critical complications or
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mortality were observed. No significant differences were
noted in the severity of complications or hospital courses
between the groups. Conclusion: LAG with suprapancreatic
nodal dissection appears to be safe and feasible for elderly
patients with clinical stage I gastric cancer.

Gastric cancer is the most common of all cancers in Japan
with the number of elderly patients increasing due to longer
life expectancies (1, 2). Complete tumor removal is essential
in the treatment of curable gastric cancer, whereas less
invasive surgery is recommended, especially for elderly
patients who often have many co-morbidities and age-related
reduction in physiological functions. Previous studies on the
outcomes of surgical treatments for gastric cancer reported
that chronological age-alone should not preclude surgical
treatment (3-7), while others identified age as an independent
factor affecting postoperative morbidity and mortality (8-10).
Accordingly, surgeons have hesitated to perform gastrectomy
or limited the extent of lymph node dissection in elderly
patients, especially in conventional open gastrectomy.

Laparoscopy-assisted gastrectomy (LAG) is widely used for
the treatment of gastric cancer because it is associated with
less pain, quicker return of gastrointestinal function, better
pulmonary function, decreased stress responses, a shorter
hospital stay and better postoperative quality of life than
conventional open gastrectomy (11-15). A Japanese multi-
center phase II trial (JCOGO0703) recently confirmed the safety
of laparoscopy-assisted distal gastrectomy (LADG) with D1
plus suprapancreatic nodal dissection for clinical stage I
gastric cancer (16); however, the patients who entered these
clinical trials were relatively young and had no severe co-
morbidities. Therefore, the safety and feasibility of LAG with
suprapancreatic nodal dissection for elderly patients with
clinical stage I gastric cancer remains controversial.

In the present study, in order to evaluate the impact of age
on the early surgical outcomes of LAG with suprapancreatic
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Table 1. Patients’ characteristics.

Elderly group Non-elderly group p-Value
Number of patients 55 237
Age (years)” 79.5+4.0 (75-89) 60.5+9.7 (35-74) <0.001
Gender (Male/Female) 35/20 145/92 0.736
BMI (kg/m2)* 22.2+3.0 (15.4-29.0) 22.8+3.3 (15.7-34.2) 0.184
History of abdominal surgery, n (%) 21 (38.2) 82 (34.6) 0.616
Clinical stage” 0.939
TINOMO Stage IA 51 217
TINIMO Stage 1B 1 4
T2NOMO Stage IB 3 16
“Values are mean+SD (range). #Japanese classification of gastric carcinoma. BMI, Body mass index.
Table II. Preoperative conditions.
Elderly group (n=55) Non-elderly group (n=237) p-Value
Co-morbidities, n (%) 34 (61.8) 102 (43.0) 0.012
Hypertension 27 (49.1) 70 (29.5) 0.006
Diabetes mellitus 10 (18.2) 32 (13.5) 0.373
Cardiovascular disease 9(16.4) 12 (5.1) 0.004
Cerebral disease 4(7.3) 11 (4.6) 0.426
Respiratory disease 3(5.6) 11 (4.6) 0.799
Spirometry
FEV1.0% (%)* 74.8+9.4 77.7+£7.5 0.016
%VC (%)" 106.3+19.3 110.7x15.4 0.073
Laboratory findings
Hemoglobin (g/d1)* 12.8+1.4 13.8+1.5 <0.001
Alb (g/d)* 4.249+0.297 4.396+0.287 <0.001
TLC (cells/ul)* 1623+594 1862+686 0.018

“Values are the mean+SD. FEV1.0%, Forced expiratory volume in 1 sec/forced vital capacity; %VC, percent vital capacity; Hb, hemoglobin; Alb,

albumin; TLC, total lymphocyte count.

nodal dissection, we compared operative findings,
postoperative outcomes and hospital courses between elderly
patients (75 years old or older) and non-elderly patients
(younger than 75 years old). The aim of the study was to
determine whether LAG with suprapancreatic nodal
dissection was safe and feasible for elderly patients aged 75
years old or older with clinical stage I gastric cancer.

Patients and Methods

Patients. We retrospectively reviewed 292 patients who underwent
LAG with suprapancreatic nodal dissection for clinical stage I gastric
cancer between February 2002 and May 2013 at Kyoto Prefectural
University of Medicine. Each tumor was histologically diagnosed as
gastric adenocarcinoma and the staging was classified according to
the Japanese classification of gastric carcinoma(17). During this
period, LAG was the first choice of surgical treatment for clinical
stage I gastric cancer. Patients undergoing simultaneous surgery for
synchronous malignancy were excluded from this study to exclude
the effects of such additional procedures on surgical outcomes.
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Furthermore, patients who needed conversion to the open procedure
based on the intraoperative findings of tumor invasion into the
subserosa or deeper or metastases to suprapancreatic nodes by frozen
pathology were also excluded from the present study.

To evaluate the impact of age on early surgical outcomes, we
divided patients into an elderly group (75 years old or older) and
non-elderly group (younger than 75 years old).

Patients’ characteristics. The following clinical data were obtained
from the medical records: age, gender, body mass index (BMI), history
of abdominal surgery and clinical stage of patients. Blood analyses,
chest X-rays, electrocardiograms and spirometry were routinely
examined in all patients to assess cardiopulmonary function and other
co-morbidities. Spirometry tests examined forced expiratory volume
in 1 second/forced vital capacity (FEV1.0%) and percent vital capacity
(%VC). The following laboratory findings were recorded to evaluate
preoperative nutritional status: hemoglobin (Hb) and serum albumin
(Alb) levels, as well as the total lymphocyte count (TLC).

Surgical procedures. The detailed surgical procedure of LAG was
described in our previous study (18-21). Briefly, a total of 6 trocars
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Figure 1. (A) Mean WBC levels at baseline and 1, 3 and 7 days after LAG. (B) Mean CRP levels in patients at baseline and 1, 3 and 7 days after
LAG. Data are expressed as the mean +SE.
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Table III. Operative findings.

Elderly group (n=55) Non-elderly group (n=237) p-Value

Type of gastrectomy, n (%) 0.333

TG 11 (20.0) 32 (13.5)

PG 4(7.3) 18 (7.6)

DG 40 (72.7) 178 (75.1)

PPG 0 (0) 9(3.8)
Lymph node dissection”, n (%) 0.101

D1+ 54 (98.2) 218 (92.0)

D2 1(1.8) 19 (8.0)
Combined resection, n (%) 0.100

Gall bladder 2 (3.6) 13 (5.5)

Spleen 1(1.8) 0 (0)
Conversion to open surgery, n (%) 2 (3.6) 5(2.1) 0.505
Difficulty in keeping pneumoperitoneum 0 (0) 0 (0) -
Operation time (min)* 328.7£94.0 337.1£90.4 0.535
Estimated blood loss (ml)* 117.1+146.3 87.7£124.5 0.129
Number of retrieved lymph nodes” 27.1£12.0 30.7£14 4 0.090
RO resection, n (%) 55 (100) 137 (100) -

“Values are the mean+SD. #Japanese gastric cancer treatment guidelines. TG, total gastrectomy; PG, proximal gastrectomy; DG, distal gastrectomy;

PPG, pylorus preserving gastrectomy.

were used and a pneumoperitoneum was created by the injection of
carbon dioxide (10-12 mmHg). According to the location of the
tumor, LADG, laparoscopy-assisted pylorus preserving gastrectomy
(LAPPG), laparoscopy-assisted total gastrectomy (LATG) or
laparoscopy-assisted proximal gastrectomy (LAPG) was performed.
The extent of lymph node dissection was D1+ or D2 based on the
Japanese gastric cancer treatment guidelines (JGCTG) (22). After
LADG, extracorporeal Billroth-I reconstruction or Roux-en Y
reconstruction (R-Y) was performed using a 4-cm upper midline
incision. In the case of LAPPG, extracorporeal hand-sewn gastro-
gastrostomy was performed using a 4 cm upper midline incision.
With respect to LATG, intracorporeal circular-stapled esophago-
jejunostomy and extracorporeal jejunojejunostomy was performed
through a 4 cm left upper transverse incision and ante-colic R-Y
reconstruction was then completed. In the case of LAPG,
intracorporeal esophagogastrostomy was performed via a 4-cm left
upper transverse incision.

Operative data and postoperative outcomes. Operative data, such as
the type of gastrectomy performed, extent of lymph node dissection,
combined organ resection, conversion to open surgery, operation
time, estimated blood loss, number of retrieved lymph nodes and
residual tumor (R), were recorded. The following data were
recorded to evaluate early postoperative outcomes: morbidity
(surgical and non-surgical complications), mortality, time to first
flatus, time to first diet and postoperative hospital stay. Surgical
complications consisted of anastomotic leakage, anastomotic
stricture, anastomotic bleeding, pancreatic fistula, intra-abdominal
abscess, duodenal stump leakage, bile leakage, ileus, stasis, wound
infection and acute cholecystitis, while non-surgical complications
included pneumonia, pleural effusion, pneumothorax, arrhythmia
and enterocolitis. The incidence and severity of postoperative
complications were determined by the Clavien-Dindo classification
of surgical complications (23, 24) and complications >grades II
were reviewed. Meanwhile, the white blood cell (WBC) count and
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C-reactive protein (CRP) levels 1, 3 and 7 days after surgery were
collected to evaluate acute inflammatory responses caused by LAG.

Statistical analysis. To compare background characteristics, surgical
outcomes and laboratory findings between the elderly and non-
elderly groups, the y2-test and Student’s t-test were used for
categorical variables and continuous variables, respectively.
Statistical analyses were performed with JMP 10 (SAS Institute,
Cary, NC, USA). All p-values cited are two-sided and significant
levels were set at 5%.

Results

Patients’ characteristics. Among 292 patients, 55 were 75
years old or older (elderly group) and the remaining 237
patients were younger than 75 years old (non-elderly group).
Table I details the characteristics of patients in the elderly
and non-elderly groups. The mean age in the elderly group
was 79.5 years (range=75-89), while that in the non-elderly
group was 60.5 years (range=35-74). No significant
differences were observed in gender, BMI, history of
abdominal surgery or clinical stage between the two groups.

Preoperative conditions. Co-morbidities, respiratory functions
and laboratory findings, such as Hb, Alb and TLC in the
elderly and non-elderly groups are summarized in Table II.
The incidence of having any co-morbidities in the elderly
group was 61.8%, which was significantly higher than that in
the non-elderly group (43.0%, p=0.006). The elderly group
had a higher incidence of hypertension (49.1%, p=0.006) and
cardiovascular disease (16.4%, p=0.006), while the
incidences of diabetes mellitus, cerebral disease and
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Table IV. Postoperative outcomes.

Elderly  Non-elderly p-Value
(n=55) (n=237)

Morbidity# (any), n (%) 12 (21.8) 39 (16.5) 0.345
Surgical complication, n (%) 8 (14.5) 36 (15.2) 0.904
Anastomotic leakage 0 (0) 0 (0) -

Anastomotic stricture 0 (0) 52.1) 0.277

Anastomotic bleeding 1(1.8) 2 (0.8) 0519
Pancreatic fistula 1(1.8) 3(1.3) 0.751
Intra-abdominal abscess 1(1.8) 52.1) 0.897
Duodenal stump leakage 0 (0) 0 (0) -
Bile leakage 1(1.8) 0 (0) 0.038
Tleus 0 (0) 2 (0.8) 0.494

Stasis 2 (3.6) 9 (3.8) 0.955

Wound infection 3(5.5) 11 (4.6) 0.799

Acute cholecystitis 0 (0) 2 (0.8) 0.494
Non-surgical complication, 509.1) 4(1.7) 0.004
n (%)

Pneumonia 1(1.8) 2 (0.8) 0.519

Pleural effusion 2 (3.6) 0 (0) 0.003

Pneumothorax 1(1.8) 0 (0) 0.038

Arrhythmia 0 (0) 1(04) 0.629

Enterocolitis 0 (0) 1(04) 0.629

Others 1(1.8) 0 (0) 0.038
Severity of complications, 0.627
n (%)

Grade II 10 (18.2) 32 (13.5)

Grade IIIA 4(7.3) 9 (3.8)

Grade I1IB 0 (0) 2 (0.8)
Mortality, n (%) 0 (0) 0 (0) -
Time to first flatus (days)* 28 +1.2 2.5+0.9 0.018
Time to first diet (days)” 3.5+0.9 3.6£1.0 0.499
Postoperative hospital stay 153+6.3 149+119  0.808

(days)*

*Values are the mean+SD. #Complications >grade II according to the
Clavien-Dindo classification.

respiratory disease were not significantly different between
the two groups. FEV1.0% was significantly lower, while
%V C was slightly lower in the elderly group than in the non-
elderly group (p=0.016 and 0.073, respectively). With respect
to preoperative laboratory findings, Hb levels were
significantly lower in the elderly group (p<0.001). The values
of Alb and TLC were significantly lower in the elderly group
(p<0.001 and 0.018, respectively).

Operative findings. Operative findings in the elderly and non-
elderly groups are summarized in Table III. No significant
difference was observed in the type of gastrectomy
performed between the two groups; however, LAPPG was
not performed in the elderly group. Regarding the extent of
lymph node dissection, D2 was more frequently performed
in the non-elderly group, whereas this difference was not
significant between the groups. In the elderly group, 2
patients underwent simultaneous cholecystectomy for

gallbladder stones and 1 patient undergoing LADG needed
conversion to the open procedure because of bleeding of the
spleen followed by simultaneous splenectomy with total
gastrectomy. Although 2 patients in the elderly group and 5
patients in the non-elderly group required the open procedure
due to severe adhesion or bleeding, difficulties in
maintaining general anesthesia during pneumoperitoneum
did not occur in either group. No significant differences were
observed regarding operating time, estimated blood loss or
number of retrieved lymph nodes between the groups. All
patients in the elderly group underwent RO resection, as did
those in the non-elderly group.

Postoperative outcomes. Postoperative outcomes in the
elderly and non-elderly groups are summarized in Table IV.
Fourteen postoperative morbidities were observed in 12
patients (21.8%) in the elderly group, while 43
complications occurred in 39 patients (16.5%) in the non-
elderly group, thus, there was no significant difference in
the morbidity rate between the two groups. Regarding
surgical complications, there were 9 postoperative
complications in 8 patients (14.5%) in the elderly group and
39 complications in 36 patients (15.2%) in the non-elderly
group; therefore, no significant difference was noted
between the two groups. The incidence of re-operation,
which was equal to complication grade IIIB, was 0 (0%) in
the elderly group and 2 (0.8%) for pancreatic fistula and
ileus in the non-elderly group. There were 5 non-surgical
complications in the elderly group and 4 complications in
the non-elderly group; thus, the frequency of non-surgical
complications was significantly higher in the elderly group
(9.1%) than that in the non-elderly group (1.7%) (p=0.004).
However, only 2 out of the 5 patients in the elderly group
required thoracic drainage for pleural effusion or
pneumothorax, while the other 3 patients only required
medical therapies. No significant difference was observed in
complication grades between the two groups. No mortality
was recorded in either the elderly group or non-elderly
group. Time to first flatus was significantly longer in the
elderly group (p=0.018), whereas time to first diet did not
differ significantly between the two groups. The mean
postoperative hospital stay in the elderly group was 15 days,
which was similar to that in the non-elderly group.

Perioperative levels of WBC and CRP. Figure 1 shows the
pre- and postoperative mean levels of WBC and CRP in the
elderly and non-elderly groups. Although the mean baseline
WBC level was significantly lower in the elderly group,
mean WBC levels 1, 3 and 7 days after surgery were not
significantly different between the two groups. Furthermore,
although mean baseline CRP levels were not significantly
different between the two groups, they were significantly
higher in the elderly group than in the non-elderly group 3
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days after surgery. Furthermore, CRP levels 7 days after
surgery were slightly higher in the elderly group.

Discussion

In the present study, although the elderly group had a higher
incidence of co-morbidities, lower pulmonary function and
lower levels of Hb, Alb and TLC than the non-elderly group,
no significant difference was observed in the incidence of
overall and surgical complications between the two groups.
Although the frequency of non-surgical complications was
higher in the elderly group, no critical complications or
mortality were observed.

Several retrospective studies have previously reported
that LAG could be considered safe and feasible for elderly
patients with gastric cancer (25-32). However, the
definition of “elderly” differs among studies, with most
defining the elderly as patients aged 70 years old or more.
Furthermore, only few studies strictly defined the incidence
and severity of each postoperative complication. Due to the
aging society in Japan, the number of elderly patients with
gastric cancer is increasing (1, 2). In the present study, the
mean age of patients was 64 years and patients aged 70
years old or more accounted for 33.9% of all patients.
Therefore, we defined patients aged 75 years old or older
as being elderly in the present study, which accounted for
18.8% of all patients in this series. Meanwhile, the severity
of each complication was determined by the Clavien-Dindo
classification (23, 24).

The elderly group had lower levels of Alb and TLC than
the non-elderly group in the present study. Alb has been
proposed as an indicator of nutritional status and TLC is
considered a useful indicator of nutritional status, as well as
host immunity (33, 34). These parameters have often been
reported to be lower in elderly patients and correlated with
postoperative morbidity and mortality (34-38). Katai et al.
(39) retrospectively investigated the surgical outcomes of
patients undergoing open gastrectomy and reported that
extended gastrectomy was associated with a higher operative
mortality in elderly patients, especially in those with
comorbidities. Hayashi et al. (40) assessed the severity of
postoperative complications after extended gastrectomy in
elderly patients and suggested that this surgery was risky for
the elderly due to the high incidence of severe
complications. Accordingly, a less invasive surgical
approach is theoretically needed for elderly patients who are
vulnerable to surgical stress because elderly patients, who
often have co-morbidities and worse nutritional status and
host immunity, may be at risk of mortality once
postoperative complications develop.

Laparoscopic surgery is one of the promising surgical
approaches that reduce surgical stress and is widely used
for various abdominal surgeries. Laparoscopic colectomy
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and cholecystectomy in elderly patients have been
associated with reduced morbidity and a shorter hospital
stay than their open counterparts (41-45). With respect to
LAG, Hayashi et al. (12) compared early surgical outcomes
between LADG and open distal gastrectomy in a
prospective randomized fashion and reported that the
LADG group showed significantly lower levels of
postoperative serum interleukin-6 (IL-6) and CRP and had
no major postoperative complications. Therefore, they
concluded that LADG with extraperigastric lymph node
dissection was a safe and less invasive alternative to the
open procedure, even though the exclusion criteria of the
study specified an age exceeding 80 years.

On the other hand, the present study was only aimed at
patients undergoing LAG with suprapancreatic nodal
dissection for clinical Stage I gastric cancer and evaluated
the impact of age on an acute inflammatory response and its
association with the incidence and severity of postoperative
complications. As a consequence, postoperative CRP levels
were higher in the elderly group suggesting that the acute
inflammatory response induced by LAG was stronger in the
elderly group. However, the overall morbidity rate, severity
of postoperative complications and postoperative hospital
courses were not significantly different between the elderly
and the non-elderly groups. The absolutely low surgical
stress of LAG might explain the low impact of relatively
higher acute inflammatory response in the elderly patients
on the early surgical outcomes.

There exist certain limitations to this study. This was a
retrospectively study that only included elderly patients
undergoing LAG. Therefore, patients with severe
comorbidities who underwent open gastrectomy or avoided
any surgical treatments were not included. The final
indication for LAG depended on the decision of the
attending physicians and this selection bias was a limitation.
Our first choice of surgical treatment for clinical stage I
gastric cancer (LAG or open gastrectomy) markedly
changed at different times; therefore, it may be difficult to
conduct a comparative examination of LAG and open
gastrectomy. In addition, it may be too simple to evaluate
the level of surgical stress of LAG by measuring of only
WBC and CRP. Certain cytokines and hormones, such as
IL-1, IL-6 and tumor necrosis factor alpha, as well as
catecholamines and corticosteroids should be examined to
accurately evaluate the level of surgical stress induced by
LAG on elderly patients; however, we did not measure them
in the present study.

Conclusion
LAG with suprapancreatic nodal dissection based on the

JGCTG is considered safe and feasible for elderly patients
aged 75 years old or older with clinical stage I gastric cancer.



Kosuga et al: Laparoscopy-assisted Gastrectomy for Elderly Patients

References

1 Matsuda A, Matsuda T, Shibata A, Katanoda K, Sobue T and
Nishimoto H: Cancer incidence and incidence rates in Japan in
2008: a study of 25 population-based cancer registries for the
Monitoring of Cancer Incidence in Japan (MCIJ) project. Jpn J
Clin Oncol 44: 388-396, 2014.

2 Saif MW, Makrilia, N, Zalonis A, Merikas M and Syrigos K:
Gastric cancer in the elderly: an overview. Eur J Surg Oncol 36:
709-717, 2010.

3 Jeong O, Park YK, Ryu SY and Kim YJ: Effect of age on
surgical outcomes of extended gastrectomy with D2 lymph node
dissection in gastric carcinoma: prospective cohort study. Ann
Surg Oncol /7: 1589-1596, 2010.

4 Katai H, Sasako M, Sano T and Fukagawa T: Gastric cancer
surgery in the elderly without operative mortality. Surg Oncol
13: 235-238, 2004.

5 Kunisaki C, Akiyama H, Nomura M, Matsuda G, Otsuka Y, Ono
HA and Shimada H: Comparison of surgical outcomes of gastric
cancer in elderly and middle-aged patients. Am J Surg /91: 216-
224, 2006.

6 Orsenigo E, Tomajer V, Palo SD, Carlucci M, Vignali A,
Tamburini A and Staudacher C: Impact of age on postoperative
outcomes in 1118 gastric cancer patients undergoing surgical
treatment. Gastric Cancer /0: 39-44, 2007.

7 Takeshita H, Ichikawa D, Komatsu S, Kubota T, Okamoto K,
Shiozaki A, Fujiwara H and Otsuji E: Surgical outcomes of
gastrectomy for elderly patients with gastric cancer. World J
Surg 37: 2891-2898, 2013.

8 Park DJ, Lee HJ, Kim HH, Yang HK, Lee KU and Choe KI:
Predictors of operative morbidity and mortality in gastric cancer
surgery. Br J Surg 92: 1099-1102, 2005.

9 Persiani R, Antonacci V, Biondi A, Rausei S, La Greca A, Zoccali
M, Ciccoritti L and D'Ugo D: Determinants of surgical morbidity
in gastric cancer treatment. J] Am Coll Surg 207: 13-19, 2008.

10 Tekkis PP, McCulloch P, Steger AC, Benjamin IS and Poloniecki
JD: Mortality control charts for comparing performance of
surgical units: validation study using hospital mortality data.
BM1J 326: 786-788, 2003.

11 Adachi Y, Shiraishi N, Shiromizu A, Bandoh T, Aramaki M and
Kitano S: Laparoscopy-assisted Billroth I gastrectomy compared
with conventional open gastrectomy. Arch Surg /35: 806-810,
2000.

12 Hayashi H, Ochiai T, Shimada H and Gunji Y: Prospective
randomized study of open versus laparoscopy-assisted distal
gastrectomy with extraperigastric lymph node dissection for
early gastric cancer. Surg Endosc /9: 1172-1176, 2005.

13 Huscher CG, Mingoli A, Sgarzini G, Sansonetti A, Di Paola M,
Recher A and Ponzano C: Laparoscopic versus open subtotal
gastrectomy for distal gastric cancer: five-year results of a
randomized prospective trial. Ann Surg 24/: 232-237, 2005.

14 Kim YW, Baik YH, Yun YH, Nam BH, Kim DH, Choi 1J and Bae
JM: Improved quality of life outcomes after laparoscopy-assisted
distal gastrectomy for early gastric cancer: results of a prospective
randomized clinical trial. Ann Surg 248: 721-727, 2008.

15 Yano H, Monden T, Kinuta M, Nakano Y, Tono T, Matsui S,
Iwazawa T, Kanoh T and Katsushima S: The usefulness of
laparoscopy-assisted distal gastrectomy in comparison with that
of open distal gastrectomy for early gastric cancer. Gastric
Cancer 4: 93-97, 2001.

16 Katai H, Sasako M, Fukuda H, Nakamura K, Hiki N, Saka M,
Yamaue H, Yoshikawa T and Kojima K: Safety and feasibility
of laparoscopy-assisted distal gastrectomy with suprapancreatic
nodal dissection for clinical stage I gastric cancer: a multicenter
phase 1II trial (JCOG 0703). Gastric Cancer /3: 238-244, 2010.

17 Japanese classification of gastric carcinoma: 3rd English edition:
Gastric Cancer /4: 101-112, 2011.

18 Ichikawa D, Hiki N, Fukunaga T, Tokunaga M, Komatsu S, Kuriu
Y, Kubota T, Fujiwara H, Nakanishi M, Ikoma H, Okamoto K,
Ochiai T, Kokuba Y, Yamaguchi T and Otsuji E: Usefulness of
standardization in spreading of laparoscopy-assisted distal
gastrectomy. Hepatogastroenterology 57: 975-979, 2010.

19 Ichikawa D, Komatsu S, Okamoto K, Shiozaki A, Fujiwara H
and Otsuji E: Esophagogastrostomy using a circular stapler in
laparoscopy-assisted proximal gastrectomy with an incision in
the left abdomen. Langenbecks Arch Surg 397: 57-62, 2012.

20 Ichikawa D, Kubota T, Kikuchi S, Fujiwara H, Nakanishi M,

Ikoma H, Okamoto K, Sakakura C, Ochiai T, Kokuba Y and

Otsuji E: Intracorporeal Billroth-I anastomosis using a circular

stapler by the abdominal wall lifting method in laparoscopy-

assisted distal gastrectomy. Surg Laparosc Endosc Percutan Tech

19: €163-166, 2009.

Nunobe S, Hiki N, Tanimura S, Kubota T, Kumagai K, Sano T

and Yamaguchi T: Three-step esophagojejunal anastomosis with

atraumatic anvil insertion technique after laparoscopic total

gastrectomy. J Gastrointest Surg /5: 1520-1525, 2011.

22 Japanese gastric cancer treatment guidelines 2010 (ver. 3):
Gastric Cancer /4: 113-123,2011.

23 Dindo D, Demartine N and Clavien PA: Classification of
surgical complications: a new proposal with evaluation in a
cohort of 6336 patients and results of a survey. Ann Surg 240:
205-213, 2004.

24 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD, de Santibanes E, Pekolj J, Slankamenac K, Bassi
C, Graf R, Vonlanthen R, Padbury R, Cameron JL. and Makuuchi
M: The Clavien-Dindo classification of surgical complications:
five-year experience. Ann Surg 250: 187-196, 2009.

25 Cho GS, Kim W, Kim HH, Ryu SW, Kim MC and Ryu SY:
Multicentre study of the safety of laparoscopic subtotal
gastrectomy for gastric cancer in the elderly. Br J Surg 96: 1437-
1442, 2009.

26 Hwang SH, Park do J, Jee YS, Kim HH, Lee HJ, Yang HK and
Lee KU: Risk factors for operative complications in elderly
patients during laparoscopy-assisted gastrectomy. J Am Coll
Surg 208: 186-192, 2009.

27 Kumagai K, Hiki N, Nunobe S, Jiang X, Kubota T, Aikou S,
Tanimura S, Sano T and Yamaguchi T: Potentially fatal
complications for elderly patients after laparoscopy-assisted
distal gastrectomy. Gastric Cancer /7: 548-555, 2014.

28 Kunisaki C, Makino H, Takagawa R, Oshima T, Nagano Y, Ono
HA, Akiyama H and Shimada H: Efficacy of laparoscopy-
assisted distal gastrectomy for gastric cancer in the elderly. Surg
Endosc 23: 377-383, 2009.

29 Mochiki E, Ohno T, Kamiyama Y, Aihara R, Nakabayashi T,
Asao T and Kuwano H: Laparoscopy-assisted gastrectomy for
early gastric cancer in young and elderly patients. World J Surg
29: 1585-1591, 2005.

30 Tokunaga M, Hiki N, Fukunaga T, Miki A, Ohyama S, Seto Y and
Yamaguchi T: Does age matter in the indication for laparoscopy-
assisted gastrectomy?. J Gastrointest Surg /2: 1502-1507, 2008.

2

—_

2197



ANTICANCER RESEARCH 35: 2191-2198 (2015)

31 Yamada H, Kojima K, Inokuchi M, Kawano T and Sugihara K:
Laparoscopy-assisted gastrectomy in patients older than 80.J
Surg Res 161: 259-263, 2010.

32 Yasuda K, Sonoda K, Shiroshita H, Inomata M, Shiraishi N and
Kitano S: Laparoscopically assisted distal gastrectomy for early
gastric cancer in the elderly. Br J Surg 97: 1061-1065, 2004.

33 Izaks GJ, Remarque EJ, Becker SV and Westendorp RG:
Lymphocyte count and mortality risk in older persons. The
Leiden 85-Plus Study. J Am Geriatr Soc 5/: 1461-1465, 2003.

34 Watanabe M, Iwatsuki M, Iwagami S, Ishimoto T, Baba Y and
Baba H: Prognostic nutritional index predicts outcomes of
gastrectomy in the elderly. World J Surg 36: 1632-1639, 2012.

35 Garth AK, Newsome CM, Simmance N and Crowe TC:
Nutritional status, nutrition practices and post-operative
complications in patients with gastrointestinal cancer. J Hum
Nutr Diet 23: 393-401, 2010.

36 Lesourd B: Protein undernutrition as the major cause of
decreased immune function in the elderly: clinical and functional
implications. Nutr Rev 53: S86-91; discussion S92-84, 1995.

37 Omran ML and Morley JE: Assessment of protein energy
malnutrition in older persons, Part II: Laboratory evaluation.
Nutrition 7/6: 131-140, 2000.

38 Seiler WO: Clinical pictures of malnutrition in ill elderly
subjects. Nutrition /7: 496-498, 2001.

39 Katai H, Sasako M, Sano T and Maruyama K: The outcome of
surgical treatment for gastric carcinoma in the elderly. Jpn J Clin
Oncol 28: 112-115, 1998.

2198

40 Hayashi T, Yoshikawa T, Aoyama T, Ogata T, Cho H and
Tsuburaya A: Severity of complications after gastrectomy in
elderly patients with gastric cancer. World J Surg 36: 2139-
2145, 2012.

41 Bardram L, Funch-Jensen P and Kehlet H: Rapid rehabilitation
in elderly patients after laparoscopic colonic resection. Br J Surg
87: 1540-1545, 2000.

42 Lujan JA, Sanchez-Bueno F, Parrilla P, Robles R, Torralba JA
and Gonzalez-Costea R: Laparoscopic vs. open cholecyste-
ctomy in patients aged 65 and older. Surg Laparosc Endosc §:
208-210, 1998.

43 Senagore AJ, Madbouly KM, Fazio VW, Duepree HJ, Brady KM
and Delaney CP: Advantages of laparoscopic colectomy in older
patients. Arch Surg /38: 252-256, 2003.

44 Stewart BT, Stitz RW and Lumley JW: Laparoscopically assisted
colorectal surgery in the elderly. Br J Surg 86: 938-941, 1999.

45 Stocchi L, Nelson H, Young-Fadok TM, Larson DR and Ilstrup
DM: Safety and advantages of laparoscopic vs. open colectomy
in the elderly: matched-control study. Dis Colon Rectum 43:
326-332, 2000.

Received November 30, 2014
Revised December 9, 2014
Accepted December 15, 2014



