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Abstract 

Purpose:  The purpose of the current study was to compare the postoperative complications, overall survival and 
disease-free survival in young and old gastric cancer patients after gastrectomy using propensity score matching 
(PSM).

Methods:  Adult patients (aged ≥ 18 years) who underwent gastrectomy for gastric cancer in a single clinical center 
from January 2013 to December 2017 were enrolled continuously for retrospective analysis. To minimize the selection 
bias between the young and old groups, the PSM was conducted in this study.

Results:  A total of 558 patients were included in this study, with 51 patients in the young group (aged ≤ 45 years) 
and 507 patients in the old group (aged > 45 years). After 1:1 matching according to PSM, 51 patients in the young 
group were matched to 51 patients in the old group. After PSM, there was no difference in the baseline information. 
In terms of short-term outcomes, no difference was found in operation time (P = 0.190), intraoperative blood loss 
(P = 0.336), retrieved lymph nodes (P = 0.948), blood transfusion (P = 0.339), postoperative hospital stay (P = 0.194), or 
postoperative complications (P = 0.477) between the two groups. For overall survival, no statistically significant differ‑
ence was found in all stages (P = 0.383), stage I (P = 0.431), stage II (P = 0.875) or stage III (P = 0.446) gastric cancer. Fur‑
thermore, regarding disease-free survival, no differences were found between the two groups in all stages (P = 0.378), 
stage I (P = 0.431), stage II (P = 0.879) or stage III (P = 0.510) gastric cancer.

Conclusion:  Age might not be an independent prognostic factor for short-term outcomes, OS, or DFS in gastric 
cancer patients who underwent gastrectomy. The pTNM stage of GC might be an independent prognostic factor for 
OS and DFS.
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Introduction
Gastric cancer (GC) is the fourth leading cause of cancer-
related death in the world, and nearly 27,600 new cases 
were diagnosed in the USA in 2020 [1]. Despite persis-
tent improvements in treatment strategies, GC is still 

considered an aggressive malignancy resulting in a poor 
prognosis, with a 5-year survival rate of 31% [2].

It is generally believed that the onset of GC mainly 
occurs in old patients [3]. However, the morbidity of GC 
in young patients has gradually increased over the past 
few years [4]. The definitions of young patients were dif-
ferent in previous studies, including the boundary ages 
of 30, 40 or 45 years old [5]. The unique challenges that 
are faced by young patients include psychosocial consid-
erations of the family, the choice of fertility preservation, 
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tolerance and adherence to cancer treatment, and unique 
genetic variations [6, 7].

Young patients were considered to have a poor prog-
nosis compared with old patients in most studies. Lower 
differentiated histology and diffuse infiltration of the 
malignancy were found in young patients due to delayed 
detection [8, 9]. However, some studies reported that the 
overall survival (OS) of GC patients was not associated 
with age itself, but more prognostic factors that worked 
together [10, 11]. Unfortunately, there have been few 
studies providing the effect of age on GC patients using 
propensity score matching (PSM).

Thus, the purpose of the current study was to compare 
postoperative complications, OS and disease-free sur-
vival (DFS) in young and old gastric cancer patients after 
gastrectomy using PSM.

Methods
Patients
The medical records of 643 adult patients 
(aged ≥ 18 years) who underwent gastrectomy for gastric 
cancer in a single clinical database from January 2013 to 
December 2017 were enrolled continuously for retro-
spective analysis. The study was approved by the ethics 
committee of our institution (The First Affiliated Hospi-
tal of Chongqing Medical University, 2021-336), and all 
patients signed informed consent forms. This study was 
conducted in accordance with the World Medical Asso-
ciation Declaration of Helsinki as well.

Inclusion and exclusion criteria
Patients who were diagnosed pathologically with GC 
and undergoing gastrectomy were included in this study 
(n = 643). The exclusion criteria were as follows: (1) palli-
ative gastrectomy (n = 23); (2) remnants of gastric cancer 
(n = 12); (3) other malignant tumors presented synchro-
nously (n = 9); and (4) incomplete medical records before 
gastrectomy (n = 41). The flowchart and inclusion and 
exclusion criteria are shown in Fig. 1.

Surgery management and follow‑ups
According to the 5th edition guidelines of the Japanese 
Gastric Cancer Association (JGCA) in 2018, gastrectomy 
with D2 lymph node dissection is the standard treatment 
for patients with resectable GC [12]. The follow-ups of 
patients were strictly managed. Patients were followed 
up every 3  months with physical examinations and 
tumor markers for the first 2  years and every 6 months 
for the following 3 years. Patients were followed up every 
6  months by computed tomography scans for the first 
3 years and every year for the following 2 years, and they 
were followed up by endoscopy in the 1st year, 3rd year 
and 5th year [12].

Definitions
The patients were divided into two groups: patients 
aged ≤ 45 years were considered the young group, and 
patients aged > 45 years were considered the old group. 
The pathological stages of gastric cancer in this study 
were defined by consulting by the 5th edition guide-
lines of the JGCA published in 2018 [12]. Postoperative 
complications were graded in accordance with the Cla-
vien-Dindo classification [13]. According to the clas-
sification, major complications (grades ≥ III) required 
at least one of the following treatments: surgery, endo-
scopic intervention or radiological intervention [14]. 
OS was calculated by the time from gastrectomy to the 
death of the patient or the last follow-up. Disease-free 
survival (DFS) was defined as the time between gastrec-
tomy and the first instance of tumor recurrence.

Data collection
Perioperative information and follow-up data were 
collected for analysis. The perioperative information 
included baseline information, operation time, intraop-
erative blood loss, retrieved lymph nodes, postoperative 
hospital stay, type of resection, reconstruction methods, 
pTNM stage and postoperative complications. Follow-up 
data, including OS and DFS, were collected as well.

Propensity score matching
To minimize the selection bias between the two groups, 
PSM was conducted in this study [15, 16]. Nearest 
neighbor matching was performed without replacement 
at a 1:1 ratio, and a caliper width with a 0.1 standard 
deviation (SD) was specified. The baseline information 
was matched, including sex, BMI, comorbidities, neo-
adjuvant chemotherapy, preoperative hemoglobin and 
albumin levels, type of resection, laparoscopy surgery, 
reconstruction methods, and pTNM stage.

Statistical analysis
Continuous variables are expressed as the mean ± SD, 
and an independent-sample t test was used to com-
pare the difference between the young and old groups. 
Frequency variables are expressed as n (%), and the 
Chi-square test or Fisher’s exact test was used. Cox 
regression analyses were performed to identify predic-
tive factors for OS and DFS. Data were analyzed using 
SPSS (version 20.0) statistical software. A bilateral P 
value of < 0.05 was considered statistically significant.

Results
Baseline characteristics
A total of 643 adult patients (aged ≥ 18  years) who 
underwent gastrectomy were retrospectively analyzed 
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in this study. According to the exclusion criteria, 558 
patients were included in this study. There were 51 
patients in the young group (aged ≤ 45  years) and 507 
patients in the old group (aged > 45 years). Before PSM, 
there was a significant difference in the baseline char-
acteristics, including sex (P = 0.000), comorbidities 
(P = 0.014), preoperative albumin levels (P = 0.000) 
and pTNM stage (P = 0.026), which are summarized in 
Table 1.

PSM analysis
After 1:1 matching according to PSM, 51 patients in 
the young group were matched to 51 patients in the old 

group. After PSM, there was no significant difference 
in any baseline characteristics between the two groups 
(Table 2).

Short‑term outcomes
Short-term outcomes were compared between the two 
groups, and there were no differences found in operation 
time (P = 0.190), intraoperative blood loss (P = 0.336), 
retrieved lymph nodes (P = 0.948), blood transfusion 
(P = 0.339), postoperative hospital stay (P = 0.194), or 
postoperative complications. The postoperative com-
plications were graded by Clavien-Dindo classification, 
and no differences were found in overall complications 

Fig. 1  Flow chart of patient selection
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Table 1  Baseline characteristics before propensity score matching

BMI, body mass index; B-I, Billroth I reconstruction; B-II, Billroth II reconstruction; R-J, Roux-en-Y reconstruction; pTNM, pathological tumor node metastasis

Variables are expressed as the mean ± SD, n (%), *P-value < 0.05

Characteristics Age ≤ 45 years (n = 51) Age > 45 years (n = 507) P value

Sex 0.000*

 Male 22 (43.1%) 371 (73.2%)

 Female 29 (56.9%) 136 (26.8%)

BMI (kg/m2) 21.9 ± 3.9 22.1 ± 3.1 0.751

Comorbidities 7 (13.7%) 152 (30.0%) 0.014*

Neo-adjuvant chemotherapy 4 (7.8%) 32 (6.3%) 0.560

Pre-operative hemoglobin (g/L) 124.5 ± 29.3 121.2 ± 26.9 0.418

Pre-operative albumin (g/L) 43.6 ± 4.9 39.7 ± 6.2 0.000*

Type of resection 0.632

 Subtotal gastrectomy 34 (66.7%) 356 (70.2%)

 Total gastrectomy 17 (33.3%) 151 (29.8%)

Laparoscopy surgery 49 (96.1%) 498 (98.2%) 0.266

Reconstruction methods 0.477

 B I 21 (41.2%) 237 (53.8%)

 B II 9 (17.6%) 104 (20.5%)

 R-Y 21 (41.2%) 166 (32.7%)

pTNM stage 0.026*

 I 23 (45.1%) 147 (29.0%)

 II 13 (25.5%) 120 (23.7%)

 III 15 (29.4%) 240 (47.3%)

Table 2  Baseline characteristics after propensity score matching

BMI, body mass index; B-I, Billroth I reconstruction; B-II, Billroth II reconstruction; R-J, Roux-en-Y reconstruction; pTNM, pathological tumor node metastasis

Variables are expressed as the mean ± SD, n (%), *P-value < 0.05

Characteristics Age ≤ 45 years (n = 51) Age > 45 years (n = 51) P value

Sex 0.074

 Male 22 (43.1%) 31 (60.8%)

 Female 29 (56.9%) 20 (39.2%)

BMI (kg/m2) 21.9 ± 3.9 21.5 ± 3.4 0.584

Comorbidities 7 (13.7%) 9 (17.6%) 0.586

Neo-adjuvant chemotherapy 4 (7.8%) 7 (13.7%) 0.338

Pre-operative hemoglobin (g/L) 124.5 ± 29.3 121.7 ± 24.3 0.600

Pre-operative albumin (g/L) 43.6 ± 4.9 42.1 ± 7.9 0.274

Type of resection 0.413

 Subtotal gastrectomy 34 (66.7%) 30 (60.8%)

 Total gastrectomy 17 (33.3%) 21 (39.2%)

Laparoscopy surgery 49 (96.1%) 50 (98.0%) 1.000

Reconstruction methods 0.797

 B-I 21 (41.2%) 18 (35.3%)

 B-II 9 (17.6%) 11 (21.6%)

 R-Y 21 (41.2%) 22 (43.1%)

pTNM stage 0.318

 I 23 (45.1%) 16 (31.4%)

 II 13 (25.5%) 14 (27.5%)

 III 15 (29.4%) 21 (41.2%)
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(P = 0.477) or major complications (P = 1.000) between 
the young group and the old group (Table 3).

Overall survival
The median follow-up time was 29.5 (1–87) months. The 
comparison of OS was performed between the young 
group and the old group. No statistically significant dif-
ference was found between the two groups in any stage 
(P = 0.383) (Fig.  2a). In the subgroup analysis of the 
stages, the young group showed no significant differences 

in stage I (P = 0.431) (Fig. 2b), stage II (P = 0.875) (Fig. 2c) 
or stage III (P = 0.446) (Fig.  2d) compared with the old 
group.

Disease‑free survival
DFS was an important indicator to determine the poten-
tial role of age in recurrence. Similarly, there were no 
significant differences found between the two groups in 
any stage (Fig. 3a, P = 0.378) (Fig. 3a), stage I (P = 0.431) 

Table 3  Short-term outcomes after propensity score matching

Variables are expressed as the mean ± SD, n (%)

Characteristics Age ≤ 45 years (n = 51) Age > 45 years (n = 51) P value

Operation time (minutes) 213.8 ± 53.7 227.0 ± 47.1 0.190

Intra-operative blood loss (mL) 137.5 ± 158.5 190.8 ± 360.0 0.336

Retrieved lymph nodes 22.2 ± 9.0 22.1 ± 9.2 0.948

Postoperative hospital stay (days) 11.6 ± 6.2 13.8 ± 10.4 0.194

Blood transfusion 4 (7.8%) 2 (3.9%) 0.339

Overall complications 13 (25.5%) 10 (19.6%) 0.477

Major complications 2 (3.9%) 3 (5.9%) 1.000

Fig. 2  Comparison of the overall survival between the young group (aged ≤ 45 years) and the old group (aged > 45 years). a All stages; b stage I; c 
stage II; d stage III
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(Fig.  3b), stage II (P = 0.879) (Fig.  3c) or stage III 
(P = 0.510) (Fig. 3d).

Cox regression analysis
Predictive risk factors were taken into consideration 
in multivariate Cox regression analysis. As a result, 
the pathological tumor node metastasis (pTNM) stage 
of malignancy was related to OS (P = 0.008) and DFS 
(P = 0.009), and age was not a predictor in terms of OS 
(P = 0.531) or DFS (P = 0.572) (Table 4).

Discussion
A total of 558 patients, including 51 patients in the young 
group (aged ≤ 45 years) and 507 patients in the old group 
(aged > 45  years), were analyzed in this study. After 1:1 
matching according to PSM, 51 patients in the young 
group were matched to 51 patients in the old group. After 
PSM, the baseline information of all the patients was not 
significantly different. In terms of postoperative compli-
cations, no difference was found in overall complications 
or major complications between the two groups. In addi-
tion, there were no significant differences in OS and DFS 
between the two groups.

Age was considered an important factor correlated 
with the prognosis of malignant tumors in previous stud-
ies [17]. Similarly, in GC patients, previous findings have 
demonstrated that the perioperative outcomes or OS 
were different in various age groups [8, 9]. GC patients 
were commonly classified into a young group and an old 
group; however, the cutoff value of age was different [8, 
9]. In this study, we chose 45  years of age as the cutoff 
age for analysis, which was consistent with the majority 
of previous studies [18–20].

In addition, only a few studies have conducted PSM to 
control for selection bias [18], and it is still controversial 
whether age plays a role in OS and DFS after gastrectomy. 
PSM analysis is a statistical technique that can address 
confounding bias and mimic a randomized clinical trial, 
improving the level of evidence in studies [15, 21]. Thus, 
to avoid the confusing relationship between age and sur-
vival, this study carried out PSM to balance the baseline 
information.

Postoperative complications tend to directly affect the 
prognosis of patients who underwent gastrectomy, and 
major complications might also affect OS [22, 23]. It 
was believed in some previous studies that GC patients 

Fig. 3  Comparison of disease-free survival between the young group (aged ≤ 45 years) and the old group (aged > 45 years). a All stages; b stage I; c 
stage II; d stage III
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in the old group suffered more complications because of 
relatively poor cardiopulmonary conditions and uncon-
trolled comorbidities [24]. In this study, there was no 
difference in postoperative complications between the 
two groups, not only for overall complications but also 
for major complications. Thus, age was not considered 
a factor for complications after gastrectomy; however, 
postoperative comorbidities, including hypertension and 
diabetes, tumor site, aortic calcification, and pathological 
staging of the tumor, contributed more to the complica-
tions [22, 25].

It is widely accepted that the OS of GC patients after 
gastrectomy is the major outcome indicator to determine 
the effectiveness of treatment [26]. There is still contro-
versy about the effectiveness of age on OS. Some studies 
have reported a lower OS in old GC patients because of 
more complications [24]; however, other studies showed 
that young patients have a much shorter survival time 
than old patients [9, 27]. Large tumors and poorly dif-
ferentiated tumors accounted for a high incidence of 
peritoneal recurrence [27–29]. Moreover, Seo et  al. 
reported that early onset GC had more aggressive fea-
tures [30]. Koea et al. described genetic susceptibility in 
young patients, with familial clustering up to 19% [31]. 
However, OS in the young group was not significantly 
different from that in the old group in this study, which 
was consistent with a previous study [32]. This is prob-
ably because all the baseline information was matched 
through the PSM analysis, and the selection bias declined 
maximally. Another reason might be the relatively small 
sample size.

The quality of life of patients with malignant tumors 
depends mostly on DFS, and the recurrence of tumors 
can result in difficult treatments and imminent death. 
Young patients might experience more cancer-related 

deaths, and the causes of death in old patients might 
be closely related to other comorbidities [9]. Notably, a 
lower tolerance for radical gastrectomy in old patients 
contributed more to lower 5-year survival than tumor 
recurrence [33, 34]. Interestingly, this is not similar to our 
study, and the findings revealed that the young group had 
a comparable survival time before recurrence compared 
to the old group. Moreover, the pTNM stage of GC was 
found to be the only independent prognostic factor in 
GC patients in terms of OS and DFS.

This current study had several strengths. First, this 
study was carried out using PSM to minimize the selec-
tion bias caused by baseline information, and subgroup 
analysis was conducted for each tumor stage to analyze 
OS and DFS. Second, previous PSM studies reported that 
age had a significant impact on survival; however, in this 
study, no significant difference was found.

There were some limitations in the current study. First, 
this is a single-center retrospective study with a small 
sample size, which might cause bias. Second, to decrease 
the selection bias on baseline information, PSM analy-
sis was conducted in this study; however, another bias 
existed due to the smaller sample size in the subgroup 
analysis of different stages. Third, the median follow-up 
time was relatively short, especially for the early stage of 
tumors. Thus, a larger sample size and multicenter pro-
spective randomized controlled trials should be con-
ducted in the future.

In conclusion, age might not be an independent prog-
nostic factor for short-term outcomes, OS, or DFS in 
gastric cancer patients who underwent gastrectomy. The 
pTNM stage of GC might be an independent prognostic 
factor for OS and DFS.
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