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Abstract
Background  The number of patients who die from causes other than gastric cancer after R0 resection is increasing in Japan, 
due in part to the aging population. However, few studies have comprehensively investigated the clinicopathological risks 
associated with deaths from other causes after gastrectomy. This study aimed to build a risk score for predicting such deaths.
Methods  We retrospectively reviewed clinical data for 3575 patients who underwent gastrectomy for gastric cancer at nine 
institutions in Japan between January 2010 and December 2014.
Results  The final study population of 1758 patients were assigned to Group A (n = 187): patients who died from other causes 
within 5 years of surgery, and Group B (n = 1571): patients who survived ≥ 5 years after surgery. Multivariate analysis iden-
tified nine characteristics as risk factors for poor survival: age ≥ 75 years, male sex, body mass index < 22 kg/m2, Eastern 
Cooperative Oncology Group Performance Status (≥ 1), diabetes mellitus, cardiovascular/cerebrovascular disease, other 
malignant diseases, preoperative albumin level < 3.5 g/dL, and total gastrectomy. Patients with risk scores of 0–2, 3–4, or 5–9 
(based on 1 point per characteristics) were classified into Low-risk, Intermediate-risk, and High-risk groups, respectively. 
The 5-year survival rates were 96.5%, 85.3%, and 56.5%, for the Low-, Intermediate-, and High-risk groups, respectively, 
and the hazard ratio (95% confidence intervals) was 16.33 (10.85–24.58, p < 0.001) for the High-risk group.
Conclusions  The risk score defined here may be useful for predicting deaths from other causes after curative gastrectomy.
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Introduction

In Japan, the number of deaths from gastric cancer began to 
decrease after 2013, which was the year in which eradication 
of Helicobacter pylori infection for the treatment of chronic 
gastritis was first covered under the National Health Insur-
ance system [1]. However, these gains have been offset by 

the facts that the average age of the Japanese population has 
steadily risen and the number of gastrectomies performed on 
patients with a variety of comorbidities has also increased 
[2, 3]. Consequently, the total number of patients who die 
from other causes after curative gastrectomy has increased. 
Thus, to provide comprehensive care for patients with gastric 
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cancer, it is essential that attention be paid not only to cure 
gastric cancer but also to manage other diseases.

Gastrectomy is a highly invasive surgery with nutrition-
related complications that can lead to other life-threatening 
diseases such as pneumonia [4, 5]. Several studies have 
reported risk factors that predict postoperative nutritional 
disorders or pneumonia after gastrectomy [6–9]. However, 
few studies have comprehensively investigated the clinico-
pathological risk factors or compiled an overall risk score 
to predict death from other causes after gastrectomy. In this 
study, we have retrospectively analyzed a large dataset of 
patients who underwent curative gastrectomy with the aim of 
building a risk score for predicting death from causes other 
than gastric cancer.

Materials and methods

Patients

We retrospectively reviewed the clinical data for 3575 
patients who underwent gastrectomy for gastric cancer at 
nine institutions in Japan between January 2010 and Decem-
ber 2014. The clinical and pathological stages were based on 
the TNM Classification of Malignant Tumors, 8th Edition 
[10]. This study conformed with the ethical guidelines of the 
World Medical Association Declaration of Helsinki-Ethical 
Principles for Medical Research Involving Human Subjects. 
Written informed consent for surgery and use of clinical 
data was obtained from all patients, as required by the Insti-
tutional Review Board of each participating institution. 
We employed opt-out recruitment according to the policy 
of the Japanese government because this clinical research 
was conducted using only retrospective clinical data with-
out intervention. The purpose, design, and objectives of the 
study were posted on the homepage of the Nagoya Univer-
sity Graduate School of Medicine to provide an opportunity 
for patients to decline to contribute to our study.

Patient management

Patients underwent gastrectomy with D1 + or D2 lymphad-
enectomy according to the clinical stage, and the reconstruc-
tion method was selected at the surgeon’s discretion. Upper 
gastrointestinal endoscopy and contrast-enhanced chest and 
abdominal computed tomography (CT) were performed on 
all patients for preoperative staging, and magnetic resonance 
imaging was undertaken as considered necessary. Patients 
received postoperative follow-up that included physical 
examinations, laboratory tests, and enhanced CT (chest and 
abdominal cavity) once every 6 months for 5 years or until 
recurrence [11]. S-1 (an oral fluoropyrimidine derivative) 
monotherapy, or doublet chemotherapy was recommended 

as postoperative adjuvant treatment unless contraindicated 
by the patient’s condition or refusal [12, 13]. Treatment after 
recurrence was determined according to the information 
available at the time of treatment, the patient’s condition, 
and the patient’s consent [14, 15].

Statistical analysis

Qualitative variables were compared using the χ2 test, and 
quantitative variables were compared using the Mann–Whit-
ney U test between two patient groups, and the Kruskal–Wal-
lis test among three patient groups. Logistic regression anal-
ysis was used for the multivariate analysis. Survival rates 
were estimated using the Kaplan–Meier method. Hazard 
ratios (HRs) and 95% confidence intervals (CIs) were esti-
mated using the Cox proportional hazards model. Statistical 
analysis was performed using EZR statistical software [16]. 
A p value of < 0.05 was considered statistically significant.

Results

Patient selection

The flowchart of patient enrollment is shown in Fig. 1. We 
excluded a total of 1285 patients who died from postop-
erative complications during hospitalization (n = 29), had 
pathological stage IV (n = 366) or clinical stage IVB gastric 
cancer (n = 20), had recurrent gastric cancer (n = 505), had 
gastric stump cancer (n = 60), or had insufficient data for 
analysis (n = 305). In addition, we excluded 532 patients 
with follow-up shorter than 5 years. Finally, a total of 1758 
patients were included as the study population and were 
assigned to two groups: those who died from other causes 
within 5 years after surgery (Group A, n = 187) and those 
who survived for ≥ 5 years after surgery (Group B, n = 1571).

Definitions of patient’s status and comorbidities

Age at the time of surgery was used for the risk score. Body 
mass index (BMI) and Eastern Cooperative Oncology 
Group Performance Status (ECOG-PS) were determined 
within 3 days before surgery. Serum albumin levels were 
measured within 14 days prior to surgery. Definitions and 
disease names for each comorbidity were presented in Sup-
plementary Table 1. For hypertension and diabetes mellitus, 
patients who were receiving medical care such as diet con-
trol and medication at the time of surgery were selected. For 
cardiovascular diseases, patients having all heart diseases, 
macrovascular diseases such as abdominal aortic aneurysm 
and aortic dissection, and peripheral arterial diseases such 
as arteriosclerosis obliterans met the definitions. Basically, 
patients diagnosed by imaging or undergoing therapeutic 
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intervention were included. For cerebrovascular diseases, 
patients with a history of cerebral hemorrhage, stroke, or 
transient ischemic attack were included. For respiratory dis-
eases, patients who received treatment at the time of surgery 
or had previously received medical treatment, or had under-
gone a pulmonary resection. For other malignant diseases, 
concurrent or past history of malignant diseases other than 
gastric cancer were included.

Clinical characteristics

Table 1 shows the causes of death for patients in Group A. 
The most common causes of death were other malignant 
diseases (32.6%), respiratory diseases (19.8%), and cardio-
vascular/cerebrovascular diseases (12.3%). A comparison of 
the clinical characteristics of patients in Group A and Group 
B is shown in Supplementary Table 2. Group A had a sig-
nificantly higher median age than Group B (77 vs 67 years, 
p < 0.001), a significantly lower median BMI than Group 
B (21.2 vs 22.4 kg/m2, p < 0.001), and a significantly lower 
median preoperative albumin level than Group B (3.8 vs 
4.2 g/dL, p < 0.001). There were also significant differences 
between Groups A and B in the sex ratio, the proportion 
of ECOG-PS scores, the proportion of patients who took 
antiplatelet or anticoagulant drugs, and the proportion of 
patients with underlying disorders such as hypertension, 
diabetes mellitus, respiratory diseases, cardiovascular/cer-
ebrovascular diseases, or other malignant diseases. In addi-
tion, significant inter-group differences were observed with 
respect to the surgical approach, the type of gastrectomy, the 

extent of dissection, and the administration of postoperative 
adjuvant chemotherapy. In contrast, there were no significant 
differences between Groups A and B in either clinical stage 
or administration of preoperative chemotherapy.

Risk score and classification of groups

We performed univariate and multivariate analysis of 13 
clinicopathological factors to determine whether they were 
significantly associated with deaths from other causes 
within 5 years after surgery: age (≥ 75 years), sex (male), 
BMI (< 22 kg/m2), ECOG-PS (≥ 1), antiplatelet or antico-
agulant drugs, hypertension, diabetes mellitus, respiratory 
diseases, cardiovascular diseases, other malignant diseases, 
the level of preoperative albumin (< 3.5 g/dL), the type of 
gastrectomy (total gastrectomy), and the extent of dissection 
(D2). Multivariate analysis identified nine of these factors as 
significantly associated with 5-year survival based on death 
from other causes: age ≥ 75 years, male sex, BMI < 22 kg/
m2, ECOG-PS ≥ 1, diabetes mellitus, cardiovascular /cere-
brovascular diseases, other malignant diseases, preoperative 
albumin level < 3.5 g/dL, and total gastrectomy (Table 2).

To build a risk score for predicting death from other 
causes after gastrectomy, the nine factors were allocated 1 
point each, and patients with total scores of 0–2 points, 3–4 
points, and 5–9 points were assigned to Low-risk, Interme-
diate-risk, and High-risk groups, respectively. All nine of the 

Fig. 1   Flowchart of patient enrollment
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identified risk factors were significantly different among the 
three risk groups (Supplementary Table 3).

Table 1   Causes of death from 
other causes within 5 years after 
surgery

Other malignant diseases 61 (32.6%)
Lung 13
Hematopoietic organ 9
Pancreas 8
Esophagus 6
Head and neck 5
Colorectum 4
Liver 4
Prostate 1
Duodenum 1
Kidney 1
Uterine cervix 1
Bladder 1
Sarcoma 1
Brain 1
Unknown primary origin 1
Not specified 4

Respiratory diseases 37 (19.8%)
Cardiovascular/cerebrovascular diseases 23 (12.3%)
Senility 10 (5.3%)
Weakness 5 (2.7%)
External death 4 (2.1%)
Gastrointestinal perforation 4 (2.1%)
Fulminant hepatitis 1 (0.5%)
Hypoglycemia 1 (0.5%)
Uremia 1 (0.5%)
Myonephropathic metabolic syndrome 1 (0.5%)
Not specified 39 (20.9%)

Table 2   Univariate and multivariate analysis

Variables Univariate Multivariate

Odds ratio 95% CI P Odds ratio 95% CI P

Age  ≥ 75 5.17 3.77–7.09  < 0.001 3.38 2.38–4.80  < 0.001
Sex Male 3.37 2.31–4.92  < 0.001 1.96 1.26–3.02 0.003
BMI  < 22 1.73 1.27–2.36  < 0.001 1.84 1.30–2.60  < 0.001
ECOG-PS  ≥ 1 3.69 2.63–5.18  < 0.001 1.83 1.24–2.72 0.003
Antiplatelet/anticoagulant drugs 2.69 1.87–3.88  < 0.001 1.13 0.68–1.88 0.643
Hypertension 1.46 1.07–1.98 0.016 1.11 0.78–1.58 0.552
Diabetes mellitus 2.10 1.47–2.98  < 0.001 1.51 1.00–2.27 0.048
Respiratory diseases 2.29 1.47–3.58  < 0.001 1.52 0.92–2.54 0.104
Cardiovascular/Cerebrovascular diseases 3.39 2.45–4.69  < 0.001 2.02 1.28–3.18 0.003
Other malignant diseases 3.23 2.28–4.56  < 0.001 2.99 2.03–4.40  < 0.001
Preoperative albumin  < 3.5 g/dL 3.37 2.31–4.92  < 0.001 2.26 1.45–3.50  < 0.001
Type of gastrectomy Total 1.69 1.22–2.34 0.002 1.68 1.17–2.42 0.005
Extent of dissection D2 0.71 0.52–0.97 0.033 0.75 0.52–1.07 0.108
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Survival rates according to risk group

Figure 2 shows the overall survival curves for the three 
risk groups censored at 5 years after surgery. Significant 
differences in survival rates were detected for the Interme-
diate-risk group (HR 4.44, 95% CI 3.01–6.55, p < 0.001) 
and the High-risk group (HR 16.33, 95% CI 10.85–24.58, 
p < 0.001). The 1–, 3–, and 5-year survival rates were 
99.3%, 98.2%, and 96.5%, respectively for the Low-risk 
group; 96.6%, 90.0%, and 85.3%, respectively, for the 
Intermediate-risk group; and 88.4%, 66.7%, and 56.5%, 
respectively, for the High-risk group. The survival curves 
for the three risk groups over the entire 10-year obser-
vation period are shown in Supplementary Fig. 1. This 
analysis also identified significant differences in survival 
rates between the three groups (Intermediate-risk: HR 
3.70, 95% CI 2.75–4.99, p < 0.001; High-risk: HR 11.82, 
95% CI 8.51–16.43, p < 0.001).

We next divided each of the three risk groups into two 
subgroups based on age ≥ 75 years and < 75 years and 
compared the survival curves of each risk group censored 
at 5 years (Fig. 3). The overall 5-year survival rate of the 
High-risk group was 64.7% and 54.0% for the < 75-years 
and ≥ 75-years groups, respectively. There were significant 
differences in survival rates among the three risk groups 
for both of the < 75-years and ≥ 75-years groups. This 
result indicates that the risk score is not depending simply 
on the age of patients.

Subgroup analyses according to the extent 
of gastrectomy

To determine the impact of the extent of gastrectomy on the 
risk of death from other causes, we performed an additional 
subgroup analysis comparing survival between patients who 
underwent total gastrectomy (total group) and the others 
(non-total group). The results showed that the total group 
had a significantly shorter overall survival time than the non-
total group (HR 1.66, 95% CI 1.22–2.24, P = 0.001) (Sup-
plementary Fig. 2).

Discussion

The goal of this study was to identify key clinicopathologi-
cal risk factors and to build a composite risk score to aid in 
predicting patients most likely to die from other causes after 
curative gastrectomy. To this end, we excluded patients who 
died from postoperative complications during hospitaliza-
tion, and those with stage IV and recurrent gastric cancer, 
which eliminated the influence of gastric cancer on death 
from other causes, such as pneumonia exacerbated by gastric 
cancer. In addition, we excluded patients with gastric stump 
cancer based on the possibility that the first gastrectomy 
might affect death from other causes. The cutoff for follow-
up was selected as 5 years because we assumed that patients 
who had no recurrence would be expected to survive for at 

Fig. 2   Overall survival rates 
of the three risk groups over 
5 years
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least 5 years after surgery. Finally, by excluding the patients 
who were followed up for < 5 years, we could directly com-
pare patients who died from other causes within 5 years after 
surgery and those who survived at least 5 years after surgery.

In multivariate analysis, we identified nine factors that 
differed significantly between patients who survived and 
those who died from other causes within 5 years after sur-
gery, and built a composite risk score based on those nine 
characteristics. We then performed a weighting based on 
odds ratio of each risk factor, and found that performance 
of the risk model was similar between one with and without 
weighting. Therefore, we decided to employ a simpler risk 
model that allocate one point for all parameters. Patients 
in the Low-, Intermediate-, and High-risk groups showed 
clear and significant differences in survival rates, indicat-
ing that the score may be useful for predicting death from 
other causes after gastrectomy. Indeed, the survival rate of 
the High-risk group at 5 years after surgery was only 56.6% 
(HR 16.33, 95% CI 10.85–24.58, p < 0.001).

How the risk score for predicting postoperative death 
from other causes can be applied to clinical practice should 
be pondered. Firstly, this score will allow us to provide 
objective data on postoperative risk of mortality from other 
causes in addition to surgical complications and possibil-
ity of recurrences of gastric cancer during preoperative 
explanation to the patients and family. Since some patients 
undergoing gastrectomy believe that long-term survival 
should be achieved if gastric cancer is cured, it is desir-
able to fully explain the risk of death from other causes par-
ticularly for patients at high risk before making a decision 
on whether to perform gastrectomy as the standard of care. 

Secondly, postoperative survival time can be estimated by 
the risk score for predicting death from other causes par-
ticularly in patients with stage I gastric cancer, which have 
high expectations for long-term cancer-free survival after 
curative resection. The 5-year overall survival rates were 
reportedly 89.6% for stage IA gastric cancer, 83.8% for 
stage IB, 77.3% for stage IIA, 69.1% for stage IIB, 58.7% 
for stage IIIA, 44.1% for stage IIIB. 30.1% for stage IIIC, 
and 13.4% for stage IV, respectively [17]. For patients with 
stage III or IV gastric cancer, treatment of gastric cancer 
is naturally given a priority because the risk of death from 
primary disease is higher than that from other causes. On 
the other hand, the risk score for predicting death from 
other causes can be useful to estimate long-term survival 
after surgery in patients with stage I gastric cancer, where a 
high probability of cure of primary disease can be expected. 
Thirdly, physicians can devise patient management during 
postoperative follow-up based on the results of the risk score 
for predicting death from other causes. Body weight loss is 
more likely to occur during the first year after gastrectomy 
[18]. If the patient’s condition including nutritional status 
severely declines, it will be difficult to recover to the base-
line. Therefore, patients at high risk for postoperative death 
from other causes may benefit from close follow-up than 
recommended by the treatment guidelines, constant reha-
bilitation and nutritional support in parallel with treatment 
of comorbidities [19]. Moreover, respiratory disease was one 
of major causes of death within 5 years after gastrectomy, 
accounting for approximately 20%. It was speculated that 
the deteriorated swallowing functions mainly due to mus-
cle mass loss after gastrectomy made patients susceptible to 

Fig. 3   Overall survival rates of the three risk groups stratified by age. A  < 75 years of age. B  ≥ 75 years of age
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aspiration pneumonia. Respiratory rehabilitation and swal-
lowing training may reduce the incidence of respiratory dis-
ease considering several previous reports indicated that age 
(75 years and older), poor preoperative respiratory functions, 
and total gastrectomy were associated with increased risks 
of postoperative pneumonia (6–9). In fact, our additional 
subgroup analyses also indicated that the total group had a 
significantly shorter overall survival time than the non-total 
group. We hypothesized that the long-term and negative 
effects of total gastrectomy on nutrition and quality of life 
led to an increased risk of death from other causes. Since 
it is impossible to conclude the effectiveness of respiratory 
rehabilitation and swallowing training from results of the 
present study, prospective clinical studies will be needed.

There are several limitations to this study. First, this was a 
retrospective study and 305 patients were excluded for miss-
ing data, mainly preoperative albumin levels. Second, the 
cause of death was unknown for about 20% of the patients 
who died from other causes within 5 years after surgery. 
Third, this study was restricted to the Japanese population. 
Our predictive score needs to be verified in broader popula-
tions, including Western countries. Finally, other factors that 
can affect death from other causes may have been excluded 
from our multivariate analysis.

In conclusion, we have established a risk score to predict 
death from other causes after gastrectomy that may be useful 
for the management of gastric cancer patients.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10120-​022-​01354-1.
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