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Abstract
This retrospective study aimed to verify the short-term and long-term outcomes of elderly patients who underwent gastric 
resection for gastric cancer and to compare the results between younger and elderly patients. 222 Patients, who underwent 
gastrectomy between January 2005 and December 2014, were divided into 2 groups: ≤ 75 years old (group A) and > 75 years 
(group B). The groups were homogeneous except for more advanced pathological stage (p = 0.011) and higher number 
of comorbidities in group B (p < 0.001) and a higher rate of neoadjuvant or adjuvant complementary therapy in group A 
(p = 0.029 and p < 0.001). Perioperative morbidity rates were 38.7 and 65.5% (p = 0.001), and mortality rates were 2.5 and 
7.9% (p = ns), respectively. The independent negative prognostic factors for morbidity were age older than 75 years [odds 
ratio (OR) 2.7], multiple organ resection (OR 2.4), and male gender (OR 1.8). The 36-month survival rates were 76.1% and 
42.1% (p = 0.002) and disease-free survival rates were 85% and 76.3% (p = 0.017), respectively. Surgical indications should 
not be limited by age.
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Introduction

During the past 60 years, a progressive increase in the 
mean age of the population has been registered, although 
the global incidence of gastric cancer (GC) is decreasing in 
the general population, an increase of elderly patients with 
GC has been registered [1]. In western countries, among 
whites, the incidence of GC per 100,000 person-years 

decreased significantly from 2.6 [95% confidence interval 
(CI), 2.4–2.8] to 2.0 (95% CI, 1.9–2.1) for those 40–59 years 
of age and from 19.8 (95% CI, 19.0–20.6) to 12.8 (95% CI, 
12.5–13.1) for those 60–84 years of age [2]. In Italy, accord-
ing to data obtained by the National Institute of Statistics 
(ISTAT–AIRTUM Working Group) in 2014, the 5-year 
global overall survival (OS) for GC was similar for males 
and females (34.0 vs 36.0%), with a prevalence of 74,000 
cases, and evenly distributed between males and females 
(55.0 vs 45.0%), representing 3.1% of all people affected 
by a malignant disease. Among them 680 per 100,000 are 
75 years or older, which is twice the number of GC patients 
between 60 and 74 years and nine-times the number of those 
between 45 and 59 years old [3]. GC represents the second 
cause of death from malignant disease in the world, with its 
peak incidence in the sixth decade of life. Different analysis 
demonstrated that elderly patients have a higher incidence 
of well-differentiated cancer localized in the middle or dis-
tal third compared to younger patients [4]. The therapeutic 
approach for elderly patients affected by resectable GC is 
not univocal. Radical surgery with extended lymphadenec-
tomy could improve disease-free survival and quality of life 
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compared to a medical approach for elderly individuals; at 
the same time, it could be responsible for high morbidity and 
mortality rates due to comorbidities that are often present in 
this group of patients [5, 6].

We decided to analyze our experience in the past decade 
by comparing the results obtained from a group of patients 
75 years or younger with those of a group of patients older 
than 75 years who underwent gastric resections or total 
gastrectomies for cancer with the aim of evaluating perio-
perative data in terms of intraoperative, postoperative, and 
oncological results.

Materials and methods

This retrospective analysis involved consecutive patients 
who underwent gastrectomy for GC at a single institution 
(Humanitas Research Hospital—Rozzano, Milano) from 
January 2005 to December 2014. Patients were divided into 
2 groups according to age: group A 75 years or younger and 
group B older than 75 years.

Inclusion criteria were age older than 18 years, diagnosis 
of resectable GC and surgery with curative intent. Patients 
with EGJ cancers and concomitant malignancies were 
excluded.

Preoperative staging was performed using endoscopy, 
computed tomography (CT) scan, and positron emission 
tomography (PET) when necessary. Patients were evaluated 
by a multidisciplinary team and the indication for neoadju-
vant or adjuvant treatment was based on patient and tumor 
characteristics. The multimodal approach changed during 
the years according to the evolution of European Society 
for Medical Oncology (ESMO) guidelines (multidisciplinary 
team: surgeons, oncologists, radiotherapists, endoscopists 
and radiologists).

During subtotal gastrectomy, the resected nodes included 
1, 3, 4, 5, 6, 7, 8a, and 9 for D1 + lymph node dissection and 
11p and 12a for D2 dissection. During total gastrectomy, 
D1 + lymph node dissection included 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 11p extended to 11d; 12 was included for D2 modified 
dissection.

D1 and D3 lymph node dissections were limited to 
selected cases. D1 + lymph node dissection was indicated 
for cT1/2 and N0/+ GC. D2 was performed for all other 
clinical stages.

Postoperative morbidity and mortality risks were evalu-
ated considering the ASA and P-POSSUM score. Laparo-
tomic or laparoscopic approach was determined according 
to clinical stage and presence of comorbidities. Patients 
affected by cancer of the distal third underwent subtotal gas-
trectomy, whereas for cancer of the middle third, the indica-
tion depended on the histological type. Total gastrectomy 
was performed in the case of diffuse cancers and for cancers 

of the proximal third. Pathological staging was performed 
according to 7th edition of the American Joint Committee 
on Cancer (AJCC). Severity of postoperative complications 
was defined using the Clavien-Dindo (CD) classification [7]. 
After surgery, patients were scheduled for instrumental and 
clinical follow-up according to pathological stage.

Statistical analysis

When appropriate, data were described as number and 
percentage or mean and standard deviation or median and 
range. For qualitative data, the differences between the two 
groups were analyzed with the Chi-square test using the 
Fisher correction when appropriate; quantitative data were 
analyzed with the nonparametric Wilcoxon test.

OS and disease-free survival were calculated from the 
date of surgery and last follow-up available. Survival curves 
were estimated using the Kaplan–Meier test. Prognostic ele-
ments were evaluated using the Cox regression model; inde-
pendent factors with p < 0.1 were considered for Cox multi-
variable regression analysis. Specific survival according to 
cause was estimated with the competitive events method; 
death was the event and noncancer-related deaths were the 
competitive event. All analyses were performed using Stata 
13.

Results

Two hundred twenty-two patients who underwent total or 
subtotal gastrectomy for GC from January 2004 to Decem-
ber 2014 were included in the analysis, 159 patients were 
75 years or younger (71.6%, group A) and 63 patients were 
older than 75 years (28.4%, group B). The median age was 
63 ± 10 years in group A and 80 ± 3 years in group B. The 
two groups were similar for gender, preoperative body mass 
index (BMI), tumor site, histology, and clinical stages. In 
group B, more comorbidities were observed, with a median 
of two diseases for each patient rather than a median of one 
for group A (p < 0.001). For both groups, cardiovascular and 
metabolic comorbidities were the most frequently repre-
sented. In group B, the prevalence of cardiovascular disease 
was 71.4% compared to 41.5% for group A (p < 0.001). ASA 
score and the risk of postoperative morbidity and mortality, 
calculated using P-POSSUM, were significantly higher for 
group B than for group A (p < 0.001). Clinico-pathological 
and surgical features are presented in Table 1. Overall post-
operative in-hospital mortality was 4.1%; it was 2.5% for 
group A and 7.9% for group B. Overall postoperative mor-
bidity was 44.1; 38.7% of patients in group A and 65.5% 
in group B (p = 0.001) presented postoperative complica-
tions. A comparison of the different grades of complication 
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severity for the two groups showed similar results. To evalu-
ate the accuracy of the P-POSSUM score for postoperative 
morbidity and mortality, we stratified the patients in three 
different groups according to postoperative complications 
and mortality. In-hospital mortality was 2.2% for the group 
of patients with P-POSSUM scores < 3%, 6.6% in case of 
P-POSSUM scores between 3 and 10%, and 19.2% in case of 
P-POSSUM scores > 10% (p = 0.005). Cardiovascular com-
plications in group B were the most frequent adverse events 
we observed (17.4%), significantly more frequent than those 
for group A (3.1%) (p < 0.001). There were no differences in 
both groups in terms of anastomotic leak (7.2% overall and 
6.3% and 9.5% in group A and group B, respectively). Dur-
ing univariate analysis age older than 75 years, number of 
comorbidities, male gender, multiple organ resections, and 
intraoperative blood transfusions were negative prognostic 
factors for the development of postoperative complications. 

The independent negative prognostic factors for death during 
hospitalization were: age > 75 years (OR 2.8), multiorgan 
resection (OR 2.8), surgical re-intervention (OR 2.5) and 
number of comorbidities (OR 1.5). Preoperative oncologic 
treatment did not significantly influence the postoperative 
course (p = 0.234). In group A, adjuvant treatment was 
indicated for 50.9% of patients, whereas for group B it was 
indicated for 23.8% (p < 0.001). The median follow-up was 
32.8 months (range 0.1–120.3). Three-year OS rates were 
73.9 and 33.1 months for group A and group B, respectively. 
Three-year overall cancer-related survival was 76.1 months 
for group A and 42.7 months for group B (p = 0.002). Dur-
ing follow-up, deaths that were not cancer-related occurred 
for 2.5% of group A and 12.7% of group B (p = 0.005). 
The 12- and 36-month disease-free survival rates were 85 
and 73.8% for group A and 74.5 and 51.9% for group B 
(p = 0.017) Fig. 1. Data related to disease-free survival and 

Table 1   Clinical–pathological 
and surgical features of patients

N number, Y years, TG total gastrectomy, VLS video laparoscopic, STG sub total gastrectomy, ns not sig-
nificant

Clinical–pathological and surgical features

Feature Total Group A ≤ 75 years Group B > 75 years p

N % N % N %

Patients 222 100 159 71.6 63 28.4
Neoadjuvant therapy 37 16 32 20.1 5 7.9 < 0.05
Surgery
 Open TG 61 27.4 44 27.6 17 26.9 ns
 VLS TG 20 9.0 14 8.8 6 9.5
 Open STG 97 43.6 66 41.5 31 49.2
 VLS STG 44 19.8 35 22.0 9 14.2

Lymphadenectomy
 1 5 2.2 3 1.8 2 3.1 ns
 1+ 58 26.1 41 25.7 17 26.9
 2 156 70.2 113 71.0 43 68.2
 3 3 1.3 2 1.2 1 1.5

Multivisceral resection 45 20.2 33 20.7 12 19.0 ns
Transfusion 22 9.9 12 7.5 10 15.8 ns
TNM stage < 0.05
 0 6 2.7 5 3.1 1 1.5
 IA 47 21.1 39 24.5 8 12.7
 IB 18 8.1 17 10.6 1 1.5
 IIA 20 9.0 14 8.8 6 9.5
 IIB 18 8.1 12 7.5 6 9.5
 IIIA 27 12.1 21 13.2 6 9.5
 IIIB 36 16.2 17 10.6 19 30.1
 IV 22 9.9 15 9.4 7 11.1

Histotype (Lauren) ns
 Intestinal 106 47.8 71 44.7 35 55.6
 Diffuse 116 52.2 88 55.3 28 44.4
N+ 134 60.3 88 55.3 46 73.0 < 0.05
Adjuvant treatment 96 43.2 81 50.9 15 23.8 < 0.05
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overall specific survival obtained by univariate and multivar-
iate analyses are reported in Tables 2, 3. Pathological stage 
was the most important element for OS. The risk was 3.6-
times higher for stage II, 6.5-times higher for stage III, and 
17-times higher for stage IV (p < 0.001). After comparing 
the two groups according to pathological stage, differences 

were observed for OS for stage II. OS for group B was sig-
nificantly lower than that for group A (p = 0.019) Fig. 2.    

Discussion

An increase in the number of patients who can potentially 
benefit from surgery has been determined by the longer life 
expectancy of the general population; consequently, a higher 
rate of GC has been detected in elderly patients. Scientific 
literature does not provide a unanimous way to define the old 
population; usually, 65 years is the cut-off. In past decades, 
the cut-off has increased gradually and further categories 
have been created: young-old (65–74 years old), old–old 
(75–84 years old), and oldest-old (> 85 years old) [8]. The 
United Nations uses 80 years to define old people. In Italy, 
the latest data from the National Institute for Statistics 
showed that the median life expectancy is 82.3 years (78.9 
for males and 84.8 for females).

Considering the Italian life expectancy, we decided to 
use 75 years as the age to define old patients in our study. 
The pool obtained accounts for 28.4% of the total and prop-
erly fits the rates published in the scientific literature so far 
[9]. Age alone cannot be considered a negative prognostic 
factor influencing short-term and long-term outcomes. A 
retrospective analysis involving 7781 patients evidenced the 
prognostic nutritional index (PNI), comorbidities, old age, 
male sex, and combined resections as independent prog-
nostic factors for postoperative morbidity in GC patients 
[10]. Sarcopenia or Charlson Comorbidity Index (CCI) 2 
was identified as an independent risk factor for postopera-
tive complications of elderly patients with GC who were 
candidates for surgery [11]. These data are similar to our 
multivariate analysis results indicating that age older than 
75 years, male sex, and multiple organ resections are nega-
tive prognostic factors for development of postoperative 
complications. In a retrospective analysis, it was evidenced 

Fig. 1   Cancer related and disease free survival of the two groups

Table 2   Factors related to 
disease-free survival, uni- and 
multivariate analysis

DFS disease-free survival, N nodes, R resection margins, HR hazard ratio

DFS

Variable Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) p

Age > 75 years 2.003 (1.122–3.578) 0.019
BMI 0.875 (0.804–0.953) 0.002 0.904 (0.832–0.982) 0.016
pTNM 3.247 (2.184–4.827) < 0.001 3.390 (2.207–5.206) < 0.001
N+ 11.699 (4.197–32.61) < 0.001
R 1/2 4.360 (1.920–9.899) < 0.001
Adjuvant treatment 3.103 (1.726–5.580) < 0.001
Lymphadenectomy 2.495 (1.145–5.438) 0.021
Multivisceral resection 2.213 (1.175–4.165) 0.014
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that performance status and low BMI were negative prog-
nostic factors for the development of postoperative morbidi-
ties, particularly medical ones, and that comorbidities were 
negative prognostic factors for long-term outcomes [12]. In 

our study, the comorbidities evaluation was performed using 
ASA and P-POSSUM risk scores to allow for a compari-
son between the estimated morbidity and mortality and the 
actual observed. Our results show that mortality and morbid-
ity (estimated with P-POSSUM) for group B patients were 
significantly higher (p < 0.001). Furthermore, it is possible 
to highlight an optimal correlation between estimated and 
observed results, as demonstrated in the current literature 
[13]. Other authors demonstrated the validity of this score in 
a prospective evaluation; in the case of high risk, a reduction 
in mortality has been demonstrated through modification 
of the surgery variable, such as changing the extent of lym-
phadenectomy [14]. We have not modified lymphadenec-
tomy for the old patients group. This issue is still debated 
and the literature reports different results. A randomized 
control trial focused on D1 versus D2 lymphadenectomy 
performed for 711 patients evidenced that patients older 
than 70 years and treated with D2 dissection had signifi-
cantly higher morbidity and hospital mortality and signifi-
cantly shorter survival compared with patients younger than 
70 years [15]. Brenkman compared data from 2387 patients 
younger than 75 years and 1377 patients older than 75 years 

Table 3   Factors related to cancer-related survival, multivariate analy-
sis

OS overall survival, HR hazard ration, BMI body mass index

Cancer-related OS—competitive risks

Variable Multivariate analysis 

HR (95% CI) p

TNM stage
 I 2.486 (1.780–3.433) < 0.001
 II 3.686 (1.058–12.84) 0.040
 III 6.554 (2.240–19.18) 0.001
 IV 17.00 (5.211–55.45) < 0.001

Multivisceral resection 1.921 (1.114–3.311) 0.019
BMI 0.885 (0.819–0.957) 0.002
Comorbidity number 1.423 (1.128–1.795) 0.003

Fig. 2   Cancer related and disease free survival of the two groups, according to pathological stage
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who underwent different degrees of lymphadenectomy dur-
ing GC (The Netherlands Cancer Registry of patients who 
underwent curative gastrectomy). The results demonstrated 
no differences in terms of postoperative morbidity and 
OS related to the number of nodes retrieved from the two 
groups of patients. Considering the retrospective nature of 
this study and the presence of many confounding factors, 
such as comorbidities, the authors suggest performing less 
extensive lymphadenectomy for selected cases (low perfor-
mance status or high CCI) [16]. In our experience, D2 lym-
phadenectomy for elderly patients seems feasible without a 
significant increase in morbidity and mortality. Our results 
evidenced that medical complications were more frequent in 
group B. These data indicate the importance of frailty and 
comorbidities for old patients, particularly cardiovascular 
ones. Katsunobu compared elderly patients with a control 
group and evidenced no statistically significant differences 
in terms of postoperative complications between elderly and 
nonelderly patients after gastric surgery [17]. Saif presented 
a review of similar results from western and eastern studies 
evidencing no differences in postoperative morbidity results 
for elderly patients compared to younger patients [18]. An 
analysis of anastomotic leaks in our groups of patients did 
not indicate differences. A retrospective analysis conducted 
involving 3632 patients evidenced that, according to multi-
variate analysis, age older than 65 years and malnourishment 
were adverse risk factors for the development of postop-
erative leaks in GC [19]. In-hospital mortality results did 
not evidence differences between the two groups, although 
a higher number of deaths occurred in group B, but with-
out statistical significance. Yang retrospectively evaluated 
824 Korean patients who underwent surgery for GC (558 
patients 60–64 years; 198 patients 74–79 years; 68 patients 
80 years or older). The results evidenced significantly higher 
in-hospital mortality for those older than 80 years; however, 
another study concluded that age older than 80 years is a 
negative prognostic factor for postoperative complications 
and mortality. These data probably emerged because of the 
distribution of the patients in three categories; ASA scores 
were significantly higher for the older group (age older 
than 80 years). These data evidenced that age was associ-
ated with comorbidities and postoperative morbidity and 
mortality for elderly patients [20]. Some indications exist 
in the literature regarding the different biological evolution 
of tumors regarding macroscopic appearance and histo-
type in an old population compared with those in a young 
population. A retrospective cohort study of patients from 
the Kaiser Permanente Northern California (KPNC) cancer 
registry evidenced that in GC patients without EGJ tumors, 
the incidence of diffuse/mixed-type cancers was significantly 
higher for younger patients, and moderate differentiated can-
cers were observed in the old patients. Except for patients 
younger than 40 years, the OS trend was shorter according 

to age [21]. Tural retrospectively compared two groups of 
patients younger than and older than 70 years, and the results 
showed no differences for tumor sites in the stomach (car-
dia/non-cardia), tumor histology, perineural invasion (PNI), 
lymphovascular invasion, or tumor stage [22].

In our experience, statistically significative differences 
between the two groups have not been found when analyz-
ing pathologic features; however, we found more advanced 
stages (p = 0.011) and a greater incidence of node metastasis 
in group B patients (p = 0.0169). These data were probably 
derived from a significantly lower number of patients who 
underwent neoadjuvant treatment in group B (p = 0.029). 
Becker analyzed 480 GC patients who underwent neoad-
juvant treatment; there was a complete response of 21.2% 
and subtotal tumor regression of 10%. Tumor regression and 
lymph node regression were independent prognostic factors 
for survival in this group of patients [23]. Furthermore, it 
must be carefully evaluated whether old patients should 
undergo integrated treatment because the side effects of 
the medicines used might worsen the general conditions of 
these patients [24]. No differences have been found regard-
ing residual tumors (R 1–2) in the two groups. Results of our 
analysis regarding survival showed a worse OS for group B, 
which had a median OS after 3 years that was significantly 
lower than that of group A (p = 0.002). In our study, univari-
ate analysis showed that age was a negative prognostic factor 
for survival. This variable in the multivariate analysis lost all 
significance because the most important ones were patho-
logical stage and complications after surgery for OS; patho-
logical stage and comorbidities were the most important 
variables for disease-specific survival. Sakurai published a 
retrospective analysis of 461 patients that demonstrated that 
the elderly group had worse OS and disease-specific survival 
than the control group, particularly stage II and stage III 
patients. These differences were related to a significantly 
lower number of patients treated with adjuvant therapy [25].

As previously shown by our results, group B had a 
higher number of deaths not related to GC during follow-
up (p = 0.005). Competitive analysis of risk was performed 
to evaluate the disease-specific survival. Results obtained 
with this analysis showed that there were statistically sig-
nificant differences only for stage II patients in groups A 
and B (p = 0.019). This evidence can be associated with a 
significantly lower percentage of patients treated with adju-
vant therapy according to the data obtained from the litera-
ture. Regarding the oncologic results, the long-term results 
showed faster disease relapse for group B that for group A 
(p = 0.017). This was related to worse pathologic stage for 
group B compared with group A and the use of more com-
plementary treatments for young patients than for elderly 
ones.

The main limit of the present study was its retrospec-
tive nature, although the data were recorded prospectively. 
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The main bias of the study involved the selection of elderly 
patients who we determined to be fit for surgery and the 
lack of data for patients who we decided should not undergo 
surgery. This group of elderly patients does not represent all 
those affected by GC and theoretically suitable for surgery. 
All patients considered were discussed by a multidiscipli-
nary team and the same participants were involved during 
the period of the study. Therefore, selection bias should be 
reduced by determining a better way to define treatment for 
young and elderly patients.

Conclusions

GC is an aggressive disease that is best treated with surgery. 
Elderly patients are fragile and often present many asso-
ciated diseases at the time of diagnosis that influence the 
multidisciplinary team who choose the best treatment for 
each patient. Comorbidities for elderly patients impact the 
short-term and long-term outcomes and can limit periopera-
tive and surgical treatments. Patients affected by GC should 
be constantly discussed in the multidisciplinary setting to 
guarantee that the best treatment is tailored to each patient. 
Considering age alone limits the therapeutic options we have 
to treat this type of cancer.
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