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The decision to undergo surgery for gastric cancer patients aged �85 years should be

made carefully. We retrospectively reviewed the prognostic factors of gastrectomy for 64

patients aged �85 years who had undergone curative gastrectomy for gastric cancer. The

effects of various clinical characteristics and surgical interventions on survival were

retrospectively analyzed. Univariate analysis revealed that sex (male/female; P ¼ 0.001),

the extent of gastric resection (total/distal; P¼ 0.028), the extent of lymph node dissection

(D2/,D2; P ¼ 0.019), and blood loss (P ¼ 0.005) were significant prognostic factors for

overall survival. Multivariate analysis demonstrated that sex was the only independent

prognostic factor. For pneumonia-specific survival, sex was also the only prognostic

factor by multivariate analysis.Prognoses of males aged �85 years after gastrectomy were

significantly worse than those of females, as they were more likely to die of pneumonia.
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The population of Japan is aging, with the

average Japanese life expectancy being 85.9

years for females and 79.4 years for males in 2011.1

People aged 85 years or older are sometimes called

the oldest old.2 The number of the oldest old patients

with gastric cancer who receive gastrectomy has

been increasing recently. Most postoperative courses

are uneventful; however, patients will often experi-

ence early death due to complications such as

pneumonia. Considering their decreased life expec-

tancies and decreased tolerance to stress, the deci-

sion to perform surgery on the oldest old should be

made carefully.

Previously, we retrospectively compared the

prognoses of patients aged �85 years who under-

went surgery and those who did not, and we
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demonstrated that overall survival (OS) for operable
cases was significantly better in patients who
underwent surgery.3 However, patients who under-
went surgery had heterogeneous characteristics in
terms of sex, age, cancer stage, and the extent of
surgical intervention. In the current study, we
retrospectively reviewed prognostic factors that
have an influence on survival after surgery.

In addition, the cause of death after gastrectomy
varies in the oldest old patients. A preliminary
study showed that the leading cause of death after
gastrectomy was pneumonia, and the second was
gastric cancer.4 In the current study, survival
analyses were made not only for OS, but also for
gastric cancer–specific survival and pneumonia-
specific survival. Criteria for deciding whether
surgery would be beneficial for the oldest old
patients with gastric cancer were evaluated from
various aspects.

Materials and Methods

The cases for 64 gastric cancer patients aged �85
years who underwent curative gastrectomy were
retrospectively reviewed and included 43 patients
from the National Hospital Organization Kure
Medical Center/Chugoku Cancer Center between
1996 and 2010 and 21 patients from Higashiosaka
City General Hospital between 2000 and 2012.
Their clinical and operative findings are shown in
Table 1. The effects of the following clinical and
surgical factors on survival were evaluated by
univariate and multivariate analysis using the Cox
proportional hazards model: sex, age, cancer stage
according to the International Union Against
Cancer (UICC) TNM classification5 and the Japa-
nese Classification of Gastric Carcinoma (JCGC),6

Eastern Cooperative Oncology Group Perfor-
mance Status (PS) score,7 American Society of
Anesthesiology (ASA) physical status classifica-
tion,8 Brinkman index (numbers of cigarettes
smoked per day times smoking years), approach
of surgical intervention, the extent of gastric
resection, the extent of lymph node dissection,
estimated blood loss, operation time, the physio-
logical and operative severity score for the
enumeration of mortality and morbidity (POS-
SUM) score,9 and estimation of physiologic ability
and surgical stress (E-PASS) score.10

The PS score was defined as follows: grade 0,
fully active, able to carry on all predisease activity
without restriction; grade 1, restricted in physically
strenuous activity but ambulatory and able to carry

out work of a light or sedentary nature (e.g., light
house work, office work); grade 2, ambulatory and
capable of all self-care but unable to carry out any
work activities, and up and about more than 50% of
waking hours; grade 3, capable of only limited self-
care, confined to bed or chair more than 50% of
waking hours; grade 4, completely disabled, cannot
carry on any self-care, and totally confined to bed or
chair; grade 5, dead.

The ASA classes were defined as follows: class 1,
a normally healthy patient; class 2, a patient with
mild systemic disease; class 3, a patient with severe
systemic disease; class 4, a patient with severe
systemic disease that is a constant threat to life; class
5, a moribund patient who is not expected to survive
without the operation; and class 6, a declared brain-
dead patient whose organs are being removed for
donor purposes.

The physiological score of POSSUM was calcu-
lated using age, cardiac signs, chest X-ray signs,
respiratory history, systolic blood pressure, pulse
rate, Glasgow coma score, hemoglobin level, white
cell count, plasma urea level, plasma sodium level,
plasma potassium level, and electrocardiography
results. The operative severity score of POSSUM
was calculated using operation grade, multiple
procedures, blood loss, peritoneal soiling, malig-
nancy, and mode of surgery. Each item was scored
from 1 to 8 and summed. The POSSUM mortality
rate (%) was expressed as follows: 100/{1 þ
exp[�0.13 3 (Physiological score)� 0.16 3 (Operative
severity score)þ 7.04]}

E-PASS was calculated as follows: preoperative
risk score (PRS) ¼�0.0686 þ 0.00345X1 þ 0.323X2 þ
0.205X3 þ 0.153X4 þ 0.148X5 þ 0.0666X6 [X1, age;
X2, presence (1) or absence (0) of severe heart
disease; X3, presence (1) or absence (0) of severe
pulmonary disease; X4, presence (1) or absence (0)
of diabetes mellitus; X5, performance status index
(0–4); X6, the ASA physiological status classification
(1–5)]. Severe heart disease was defined as heart
failure of New York Heart Association Class III or
IV, or severe arrhythmia requiring mechanical
support. Severe pulmonary disease was defined as
any condition with a %vital capacity (VC) of less
than 60% and/or a forced expiratory volume (FEV)
1.0% of less than 50%. The definition of diabetes
mellitus was based on the criteria of the World
Health Organization. Surgical stress score (SSS) ¼
�0.342 þ 0.0139X1 þ 0.0392X2 þ 0.352X3 [X1, blood
loss/body weight (g/kg); X2, operation time (h); X3,
the extent of skin incision (0: minor incisions for
laparoscopic or thoracoscopic surgery, including
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scope-assisted surgery; 1: laparotomy or thoracoto-
my alone; 2: both laparotomy and thoracotomy)].
Comprehensive risk score (CRS)¼�0.328þ0.936PRS

þ 0.976SSS.

The Cox proportional hazards model was used to
calculate hazard ratios (HRs) for death. OS was
defined as the interval from the date of surgery to
the date of death from any cause. Alive patients
were censored at the date last known to be alive.
Gastric cancer–specific survival was defined as the
interval from the date of surgery to the date of death
caused by gastric cancer. Patients who died of
diseases other than gastric cancer were also cen-
sored at the date of death. Pneumonia-specific
survival was defined as the interval from the date
of surgery to the date of death caused by pneumo-
nia. Patients who died of diseases other than
pneumonia were also censored at the date of death.
Survival was shown on Kaplan-Meier curves and
was compared by the log-rank test. P , 0.05 was
defined as significant. All analyses were carried out
using StatView (version 5.0 for Macintosh, SAS
Institute Inc, Cary, North Carolina).

Results

At the time of analysis, 36 patients (56%) had died,
and the median follow-up period of the 29
surviving patients was 39 months. The 5-year OS
rate was 38%. The cause of death was known in 28
cases: gastric carcinoma in 8 cases (29%), pneumo-
nia in 10 cases (36%), other carcinoma in 3 cases,
cardiac failure in 2 cases, cerebral hemorrhage in 1
case, pulmonary embolism in 1 case, trauma in 1
case, general poor condition in 1 case, and sudden
death in 1 case. Within 90 days of surgery, 3
patients died of pneumonia; these patients were all
males. The details of these 3 cases are shown in
Table 2.

In univariate analyses, sex, the extent of gastric
resection, the extent of lymph node dissection, blood
loss, and the POSSUM operative severity score were
significantly correlated with OS. Multivariate anal-
ysis was conducted with sex, the extent of gastric
resection, the extent of lymph node dissection, and
blood loss. The POSSUM operative severity score
was excluded from multivariate analysis because it
is calculated on the basis of blood loss. Multivariate
analysis demonstrated that sex was the only
independent prognostic factor (Table 3). Figure 1
shows the OS curve after surgery for each sex.

Table 1 Clinical features and operative findings of patients aged �85

years who underwent curative gastrectomy

Parameter No. Median (range)

Sex
Male 28
Female 36

Age, y 86 (85–95)a

Cancer stage
IA 24
IB 5
IIA 8
IIB 12
IIIA 4
IIIB 7
IIIC 4

ECOG PS
0 16
1 30
2 9
3 9
4 0
5 0

ASA classification
1 0
2 40
3 23
4 1
5 0
6 0

Approach
Laparotomy 61
Laparoscopy 3

Extent of gastric resection
Distal 50
Total 9
Proximal 2
Local 2
PD 1

Extent of lymph node dissection
D2 14
,D2 50

Blood loss, g 276 (0–1434)a

Operation time, h 3.2 (1.6–6.5)a

POSSUM physiological score 24 (16–36)a

POSSUM operative severity score 13 (10–22)a

POSSUM mortality rate 12.5 (1.57–49.3)a

E-PASS preoperative risk score 0.58 (0.36–1.36)a

E-PASS surgical stress score 0.23 (�0.22–1.26)a

E-PASS comprehensive risk score 0.43 (0.01–1.46)a

ASA, American Society of Anesthesiology; ECOG PS, Eastern
Cooperative Oncology Group Performance Status score; E-PASS,
estimation of physiologic ability and surgical stress; PD,
pancreaticoduodenectomy; POSSUM, physiological and
operative severity score for the enumeration of mortality and
morbidity.

aMedian (range).
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Table 2 Summary of three cases of patients who died within 90 days of surgerya

Postoperative day of death 5 28 28

Cause of death Pneumonia Pneumonia Pneumonia
Sex Male Male Male
Age, y 85 85 85
Cancer stage IIB IIB IIB
Comorbidity Post pneumonectomy, old

myocardial infarction,
diabetes mellitus,
hypertension

Gallbladder cancer, diabetes
mellitus, hypertension

Cerebral infarction, atrial
fibrillation, hypertension

ECOG PS 1 2 0
ASA classification 2 2 3
Approach Laparotomy Laparotomy Laparotomy
Extent of gastric resection Distal Total Distal
Extent of lymph node dissection D1 D2 D2
Multiple procedures No Extended cholecystectomy,

splenectomy
No

Blood loss, g 100 660 420
Operation time, h 1.8 4.4 3.9
POSSUM physiological score 25 23 29

POSSUM operative severity score 12 22 13
POSSUM mortality rate 13.4 37.1 23.3

E-PASS preoperative risk score 0.66 0.81 0.42
E-PASS surgical stress score 0.10 0.33 0.28
E-PASS comprehensive risk score 0.39 0.75 0.34

ASA, American Society of Anesthesiology; ECOG PS, Eastern Cooperative Oncology Group Performance Status score; E-PASS,
estimation of physiologic ability and surgical stress; POSSUM, physiological and operative severity score for the enumeration of
mortality and morbidity.

aBold numbers: over 75th percentile.

Table 3 Survival analysis of variables predicting risk of death for patients aged �85 years who underwent curative gastrectomya

Variable

Univariate Multivariate

HR 95% CI P HR 95% CI P

Sex (male/female) 3.1 1.6–6.0 0.001 2.7 1.2–6.3 0.020

Age, y 1.0 0.8–1.1 0.56
Cancer stage 1.1 1.0–1.3 0.14
ECOG PS 1.2 0.8–1.8 0.30
ASA classification 0.9 0.4–1.7 0.63
Brinkman index 1.0 1.0–1.0 0.129
Approach (laparotomy/laparoscopy) 1.6 0.2–11.5 0.66
Extent of gastric resection (total/distal) 2.6 1.1–6.2 0.028 1.7 0.6–4.4 0.31
Extent of lymph node dissection (D2/,D2) 2.4 1.2–4.9 0.019 1.9 0.9–4.3 0.11
Blood loss, g 1.0 1.0–1.0 0.005 1.0 1.0–1.0 0.53
Operation time, h 1.2 0.9–1.5 0.30
POSSUM physiological score 1.0 0.9–1.1 0.72
POSSUM operative severity score 1.2 1.1–1.3 0.001

POSSUM mortality rate 1.0 1.0–1.1 0.072
E-PASS preoperative risk score 1.4 0.3–5.8 0.67
E-PASS surgical stress score 1.3 0.3–5.5 0.68
E-PASS comprehensive risk score 1.4 0.5–4.0 0.56

ASA, American Society of Anesthesiology; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance
Status score; E-PASS, estimation of physiologic ability and surgical stress; HR, hazard ratio; POSSUM, physiological and operative
severity score for the enumeration of mortality and morbidity.

aBold numbers: statistically significant.
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Baseline characteristics between male and female
patients had no significant difference (Table 4).

For gastric cancer–specific survival, cancer stage,
total gastrectomy, blood loss, and the POSSUM
operative severity score were significant prognostic
factors by univariate analyses. Multivariate analysis
was conducted with cancer stage, total gastrectomy,
and blood loss, and revealed that cancer stage was
the only independent prognostic factor (Table 5).

For pneumonia-specific survival, sex and Brink-
man index were significant prognostic factors by
univariate analyses. Multivariate analysis was con-
ducted with sex and Brinkman index, and showed
that sex was the only independent prognostic factor
(Table 6).

Discussion

As the population in Japan ages, we more often
encounter the oldest old patients with gastric cancer.
Previously, we seldom performed surgery on these
patients. Before 1996, no patient aged �85 years in
our institutions underwent gastrectomy. However,
as surgical and anesthesiological techniques, equip-
ment, and management are becoming more ad-
vanced, surgery on elderly patients is not
uncommon. In the current study, we performed
univariate and multivariate analyses to clarify
criteria that may worsen the prognosis after surgery
in the oldest old patients.

For OS, male sex, total gastrectomy, D2 lymph
node dissection, and more blood loss were identi-
fied as prognostic factors by univariate analysis.

Katai et al11 reported that total gastrectomy and
extended nodal dissection were both associated
with a high operation-related death rate in patients
with preoperative morbidity. However, multivariate
analysis revealed that male sex was the only
independent prognostic factor. As is well known,
males have a shorter life expectancy than females. In
the natural course, the death rates of 85- to 89-year-
old Japanese people were 11.4% for males and 6.8%
for females in 2009, with an HR of 1.7.12 In
comparison with these findings, the HR for OS by
sex (3.2 and 2.9, respectively) in the current
univariate and multivariate study seems much
higher. This may mean that male patients are less
tolerant of surgical intervention than females.

For gastric cancer–specific survival, the cancer
stage was the only independent prognostic factor by
multivariate analysis, as expected.

For pneumonia-specific survival, sex was the
only prognostic factor by multivariate analysis.
Male patients were more likely to die of pneumonia,
with an HR of 7.9 by univariate analysis and 6.9 by
multivariate analysis. Several studies concerning
pneumonia among older individuals suggest that
men are more susceptible to infections, and once an
infection occurs, they are more likely to die. Reade et
al13 mentioned that biologic response to pneumonia
was different among men and women, with higher
pro (TNF, IL-6) and anti- (IL-10) inflammatory
biomarkers, decreased circulating concentrations of
coagulation factors, including antithrombin III and
Factor IX, and increased D-dimer, suggesting greater
fibrinolysis among men. There are also several
explanations for gender difference, such as sex
hormones, the pattern of immune response, and
microbiologic factors.13 May et al14suggested that
estradiol concentrations are higher in older women
compared to men during critical illness.

Except for sex and Brinkman index, no factors
showed statistically significant influence on pneu-
monia-specific survival by univariate analysis. As
Marumo et al15 mentioned that aspiration of
esophageal reflux contents was the most important
risk factor of recurrent pneumonia in patients with
total gastrectomy, it was thought that total gastrec-
tomy had more influence on pneumonia because of
possible induction of jejuno-esophageal reflux, but it
had less influence than sex. Laparoscopic surgery is
considered to provide a better respiratory function
for gastrectomy patients than open surgery because
it does less damage to the respiratory muscles.16,17

These days, safety of laparoscopic gastrectomy on
extremely old patients has been reported.18 Thus,

Fig. 1 Kaplan-Meier OS curves for each sex. The log-rank test

showed a significant difference between the sexes (P ¼ 0.001).
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laparoscopic gastrectomy is expected to reduce the

number of cases of postoperative pneumonia in the

oldest old patients. In the current series, however,

laparoscopic surgery was performed on only 3

patients. More cases will be needed to assess the

effectiveness of laparoscopic surgery.

The National Comprehensive Cancer Network

(NCCN) has published guidelines concerning senior

adult oncology.2 According to the approach chart to

decision making, patients with a moderate or high

risk of dying of or suffering from cancer during their
lifetime can be further evaluated to assess their
functional dependency, decision-making capacity,
overall goals, and desire for the proposed treatment.
If the patient does not have risk factors for adverse
outcomes from cancer treatment, including comor-
bidities, geriatric syndromes, and socioeconomic
issues, he or she should be treated as recommended
in the disease-specific treatment guidelines. If the
patient has risk factors but they are modifiable and
treatable, options may include surgery and other
therapies. In general, age is not a primary consid-
eration for surgical risk, although a physiologic
status assessment using standard surgical evalua-
tion tools is needed. The PS and comorbidities of the
patient are more important factors than age.

In the current series, the POSSUM operative
severity score was an effective predictor of OS and
gastric cancer–specific survival. PS, ASA, the POS-
SUM physiological score, and the E-PASS scores
were expected to be predictors, but failed statisti-
cally. One of the patients who died of pneumonia on
the 28th postoperative day had the highest POSSUM
operative severity score because of simultaneous
resection of gallbladder cancer. The other patients
who died of pneumonia within 90 days of surgery
had comorbidities that might exacerbate postoper-
ative pneumonia such as pneumonectomy and
cerebral infarction, however, these comorbidities
were not reflected in the predictive scores. After
this, a comprehensive geriatric assessment will be
needed for elderly patients, which should include
not only functional status and comorbidities, but
also nutritional status, cognitive function, psycho-
logical status, socioeconomic issues, and geriatric
syndromes.2

In conclusion, we retrospectively analyzed the
outcomes of patients aged �85 years with gastric
cancer who had undergone curative surgical resec-
tion. The results of univariate analyses indicate that
attempts to reduce surgical invasion, such as
diminishing the extent of gastric resection, the
extent of lymph node dissection, and blood loss
seemed to be effective in acquiring longer OS.
However, multivariate analyses revealed that sex
was the only independent prognostic factor for OS.
In particular, male patients were more likely to die
of pneumonia after gastrectomy. Careful attention is
required when performing gastrectomy in male
patients aged �85 years. As this study was a
retrospective analysis with a limited number of
patients, more cases are needed for definitive
conclusions.

Table 4 Clinical features of male and female patients aged �85 years who

underwent curative gastrectomy

Variable Male (n ¼ 28) Female (n ¼ 36) P

Age, y 86 (85–89)a 86 (85–91)a 0.53

Cancer stage

IA 9 15 0.56
IB 3 2
IIA 3 5
IIB 7 5
IIIA 0 4
IIIB 4 3
IIIC 2 2

ECOG PS

0 8 8 0.99
1 11 19
2 5 4
3 4 5
4 0 0
5 0 0

ASA classification

1 0 0 0.40
2 19 21
3 9 14
4 0 1
5 0 0
6 0 0

Approach

Laparotomy 26 35 0.82
Laparoscopy 23 1

Extent of gastric resection

Distal 22 29 0.36
Total 6 3
Proximal 1 1
Local 0 2
PD 0 1

Extent of lymph node dissection

D2 8 6 0.40
,D2 20 30

ASA, American Society of Anesthesiology; ECOG PS, Eastern
Cooperative Oncology Group Performance Status score; PD,
pancreaticoduodenectomy.

aMedian (range).
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Table 5 Survival analysis of variables predicting risk of gastric cancer–specific death for patients aged �85 years who underwent curative

gastrectomya

Variable

Univariate Multivariate

HR 95% CI P HR 95% CI P

Sex (male/female) 3.6 0.8–15.3 0.087
Age, y 0.9 0.6–1.3 0.61
Cancer stage 1.5 1.1–2.2 0.020 2.0 1.0–3.9 0.046

ECOG PS 0.9 0.4–2.1 0.77
ASA classification 2.2 0.5–9.0 0.27
Extent of gastric resection (total/distal) 9.5 1.9–47.6 0.006 7.2 0.6–88.1 0.12
Extent of lymph node dissection (D2/,D2) 3.5 0.8–14.8 0.094
Blood loss, g 1.0 1.0–1.0 0.008 1.0 1.0–1.0 0.25
Operation time, h 1.5 0.9–2.6 0.10
POSSUM physiological score 1.0 0.8–1.1 0.77
POSSUM operative severity score 1.3 1.1–1.6 0.010

POSSUM mortality rate 1.0 1.0–1.1 0.18
E-PASS preoperative risk score 0.5 0.0–17.0 0.69
E-PASS surgical stress score 2.9 0.3–27.5 0.34
E-PASS comprehensive risk score 1.6 0.2–14.3 0.66

ASA, American Society of Anesthesiology; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance
Status score; E-PASS, estimation of physiologic ability and surgical stress; HR, hazard ratio; POSSUM, physiological and operative
severity score for the enumeration of mortality and morbidity.

aBold numbers: statistically significant.

Table 6 Survival analysis of variables predicting risk of pneumonia-specific death for patients aged �85 years who underwent curative gastrectomya

Variable

Univariate Multivariate

HR 95% CI P HR 95% CI P

Sex (male/female) 7.9 1.6–38.2 0.010 6.9 1.3–37.8 0.026

Age, y 0.9 0.7–1.3 0.75
Cancer stage 0.8 0.6–1.2 0.27
ECOG PS 1.1 0.6–2.2 0.77
ASA classification 1.4 0.4–4.7 0.58
Brinkman index 1.0 1.0–1.0 0.008 1.0 1.0–1.0 0.24
Approach (laparotomy/laparoscopy) 0.4 0.0–2.9 0.35
Extent of gastric resection (total/distal) 3.7 0.9–14.8 0.069
Extent of lymph node dissection (D2/,D2) 1.9 0.5–7.4 0.36
Blood loss, g 1.0 1.0–1.0 0.41
Operation time, h 1.1 0.6–1.9 0.73
POSSUM physiological score 1.0 0.9–1.2 0.83
POSSUM operative severity score 1.1 0.9–1.4 0.23
POSSUM mortality rate 1.0 1.0–1.1 0.39
E-PASS preoperative risk score 1.2 0.1–18.1 0.92
E-PASS surgical stress score 0.6 0.0–17.9 0.74
E-PASS comprehensive risk score 0.8 0.1–7.5 0.88

ASA, American Society of Anesthesiology; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance
Status score; E-PASS, estimation of physiologic ability and surgical stress; HR, hazard ratio; POSSUM, physiological and operative
severity score for the enumeration of mortality and morbidity.

aBold numbers: statistically significant.
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