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Abstract
This study aimed to identify clinicopathological factors associated with the outcome of elderly patients with gastric cancer 
(GC), and to construct a nomogram for individual risk prediction. Tumor characteristics of 143 patients aged ≥ 80 years 
underwent surgery for GC were collected and analyzed by uni- and multivariate analyses. A prognostic nomogram was con-
structed using the factors which resulted to be significantly associated with overall survival. Discrimination of nomogram was 
tested by Kaplan–Meier (KM) curves and boxplots. With a median follow up of 18.37 months, overall 1-year survival rate 
was 51% and it was 60 and 40% for older and younger than 83 years, respectively (P = 0.003). Univariate analysis indicated 
that age (P = 0.008), pre-operatory performance status (P < 0.001), depth of invasion (P = 0.007), lymph nodes involvement 
(P < 0.001), and residual tumor (P < 0.001) were significant prognostic factors. Based on these variables, a nomogram to 
predict 3, 6, 12, and 24 months survival probability after GC surgery was developed. KM and boxplots according to the range 
of nomogram total points highlighted the appropriateness of distinguish the patients’ survival in all the subgroups. Moreover, 
this nomogram exhibited superior prognostic discrimination between intermediate stages (II–III) than AJCC-TNM classifica-
tion. This study showed that after good surgical selection, the prognosis of elderly GC patients may be influenced by several 
clinicopathological factors. Therefore, a predictive nomogram to distinguish more accurately fit patients may allow physi-
cians to individualize treatments and to detect those patients who may benefit from an intensive multidisciplinary approach.
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Introduction

The prevalence of elderly patients with gastric cancer 
(GC) is considerably increased in Europe with the aging 
of population [1]. Since elderly patients are usually under-
represented or excluded from randomized clinical trials, 

data about the prognosis of GC patients aged over 80 years 
old, are still poor. Previous studies on GC treatment have 
reported good results with surgery [2, 3] and compared out-
comes between elderly and younger patients [4]. Meanwhile, 
stratified analyses suggested that older age, maybe due to the 
higher risk of postoperative complications, was an independ-
ent prognostic factor [5, 6]. In view of the rising propor-
tion of GC diagnosis in the elderly, the authors’ interest to 
identify more accurately prognostic factors is considerably 
increasing. Regardless of age, few nomograms have been 
developed to predict survival of GC patients [7–9]. How-
ever, nomograms predicting survival properly in elderly GC 
patients are still lacking.

The present study aimed to compare clinicopathologi-
cal parameters and post-surgical outcomes of GC patients 
among our old population (≥ 80 years) who perform sur-
gery followed by or not adjuvant therapy and whose data 
are collected in our medical record database. Finally, we 
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set out to identify independent prognostic factors and 
develop a nomogram to predict survival after surgery.

Materials and Methods

Between January 1, 2007 and December 31, 2016, among 
patients who underwent gastric cancer surgery at the 
ASST of Cremona, Hospital of Cremona and Sant’Andrea 
Hospital of Rome, we collected data for 143 patients aged 
≥ 80 years whose clinicopathological parameters were 
available. This data set included age, sex, performance 
status (PS) sec. Eastern Cooperative Oncology Group 
(ECOG), pathologic characteristics location, histol-
ogy, grading, number of examined lymph nodes, depth 
of invasion (T), nodes involvement (N), as well as stage 
according to TNM-AJCC, R (presence of macroscopic or 
microscopic tumor residual after surgery), D1/2 lymphad-
enectomy, adjuvant chemo- and/or radio-therapy, and fol-
low up data (follow up duration and survival). The location 
of the tumor was categorized as upper third (including 
esophagogastric junction adenocarcinoma), middle third, 
or lower third by the center of the lesion. Follow-up data 
were collected from patients medical records. The follow 
up duration was measured from the time of surgery to the 
last follow-up date, and the information about the survival 
status was collected. Clinicopathological parameters and 
oncologic outcomes were retrospectively reviewed for sta-
tistical analysis. The study was performed in accordance 
to the declaration of Helsinki in its latest version and was 
approved by our independent ethics committee (Proto-
col number 16821/17). Prior to surgery, all patients gave 
written informed consent to use their data exclusively by 
researchers and for scientific purposes.

Statistical analysis

Categorical variables are presented as number with per-
centage in descriptive tables, and they were compared with 
Fisher’s exact test or Pearson’s χ2 test. Patients’ overall 
survival (OS) was analyzed using Kaplan–Meier (KM) 
method and log-rank tests. Prognostic clinicopathologi-
cal factors were analyzed by univariate and multivariate 
Cox proportional hazards regression analysis. Variables 
that were deemed of potential importance to the univari-
ate analysis (P > 0.1) were included in the multivariate 
analysis. Results for significant prognostic factors were 
expressed as the hazard ratio for each category and its 95% 
confidence interval. A P < 0.05 was considered statisti-
cally significant. Statistical analyses were performed using 
R-package software.

Construction and validation of the nomogram

Significant prognostic factors identified by the Cox PH 
regression model were used to construct a nomogram for 
predicting 3, 6, 12, and 24 months of OS after gastric sur-
gery. Discrimination was evaluated using a concordance 
index and tested by KM curves. The Pearson’s product-
moment correlation has been calculated from total points 
and stage. According to KM method, survival curves of 
both AJCC-TNM stages and nomogram ranges (4 groups 
based on cutoff calculated using the 25th, 50th, and 75th per-
centile) have been calculated. Boxplots of survival months 
against stages and the range of total points have been also 
calculated.

Results

One-hundred forty-three GC patients over 80 years old were 
enrolled in this study. Overall, the median age was 83 years 
(range 80–92). Most of the patients were male, showed a 
good pre-operatory performance status (PS sec. ECOG = 1 
in 50.4% of cases), and were affected with differentiated 
(46.9%), intestinal (67.1%) locally advanced (II and III stage 
in 32 and 44% of patients, respectively) GC. Other descrip-
tive clinicopathological parameters are reported in Table 1. 
The median follow-up period after gastric resection was 
18.37 months (range 0, 66–107, 43 months).

Overall survival

All 143 treated patients were assessable for OS. At the time 
of the analysis, 140 (97,9%) patients had died. The median 
OS was 12.27 months (95% CI 8,50–16,03 months). As 
showed in KM curves, patients aged > 83 years old, with an 
ECOG PS before surgery = 3, T3–4, N2–3, and R1 patholog-
ical factors, demonstrated a significantly worse OS (Fig. 1).

Based on univariate and multivariate analysis, the hazard 
ratios of the examined variables were reported in Table 2. At 
the univariate analysis age, T, N, R, and ECOG PS before 
surgery, were significantly associated with OS; while sex, 
location, histology, grading, lymphadenectomy, and adjuvant 
treatment (chemotherapy ± radiotherapy) were not found to 
be significant. Multivariate Cox analysis revealed that age, 
T, N, R, and pre-operatory ECOG-PS were significantly 
associated with OS (Table 2).

Nomogram analysis

Based on the estimated regression coefficients in the Cox 
analysis, a prognostic nomogram for elderly GC patient 
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was developed to assign their probability of survival at 
3, 6, 12, and 24 months after surgery (Fig. 2). As showed 
in the nomogram, patients having > 83 years, T-stage ≥ 3, 
R = 1, N ≥ 1, and a pre-operatory ECOG PS = 3 have a 
lower survival probability (Fig. 2).

KM curves according the range of calculated total 
points using the nomogram (range I and IV are associated 
to a poor and good prognosis, respectively) show a strong 
correlation (P = 0.000115) (Fig. 3a) as well as KM curves 
according the AJCC-TNM stage (P = 0.000212) (Fig. 3b).

AJCC-TNM staging and nomogram ranges show a good 
correlation (cor =− 0.7783598, Pearson’s product-moment 
correlation, P value < 2.2e-16). However, the OS curves at 
24 months seems to be more clearly separated in the box 
plot for nomogram (Fig. 4a) according to the investigated 
quartiles (i.e., ranges) than AJCC-TNM staging in which 
the outcome of intermediate stages (II and III) appeared 
to be similar at 24 months (Fig. 4b).

Table 1  Clinicopathological parameters of patients’ cohort

Median (range) N. (%)

Age, years
 83 (80–92) 143 (100)

Sex
 Male 72(50.3)
 Female 71(49.7)

T
 1 19 (13.4)
 2 35 (24.6)
 3 53(37.3)
 4 35(24.6)

N
 0 62(43.4)
 1 17(11.9)
 2 32(22.4)
 3 29(20.3)

Examined LNs
 16 (1–82) 143 (100)

Metastatic LNs
 2 (0–37) 143 (100)

TNM-AJCC stage
 I 17(12.0)
 IIA 25(17.6)
 IIB 21(14.8)
 IIIA 16(11.3)
 IIIB 25(17.6)
 IIIC 22(15.5)
 IV 16(11.3)

Lymphadenectomy
 D1 87 (62.6)
 D2 52 (37.4)

R
 0 131 (92.3)
 1 11 (7.7)

Location
 Upper 11 (8.1)
 Middle 52 (37.8)
 Lower 73 (54.1)

Histology sec. Lauren
 Intestinal 96 (67.1)
 Diffuse 18 (12.6)
 Mixed 29 (20.3)

Hystology
 Tubular 67 (46.9)
 Mucinous 4 (2.8)
 Ring 23 (16.1)
 Undifferentiated 49 (34.3)

Grading
 0 1 (0.7)
 1 5 (3.6)
 2 53 (37.9)

Table 1  (continued)

Median (range) N. (%)

 3 76 (54.3)
 4 5 (3.6)

PS sec. ECOG preop
 0 41 (31.3)
 1 66 (50.4)
 2 17 (13)
 3 7 (5.3)

PS sec. ECOG postop
 0 29 (21.6)
 1 67 (50)
 2 26 (19.4)
 3 9 (6.7)
 4 3 (2.2)

Adjuvant chemotherapy treatment
 Yes 6 (5.6)
 Not 101 (94.4)

Adiuvant radiotherapy treatment
 Yes 7 (7.3)
 Not 89 (92.7)

Relapse
 Yes 20 (14.9)
 Not 114 (85.1)

Death
 Yes 140 (97.9)
 Not 3 (2.1)

Overall survival (months)
 12.26 (0.07–107.43) 143(100)
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Discussion

Most of data about elderly GC patients comes from 
Asiatic retrospective studies. However, in Europe, with 
the increasing of life expectancy, the diagnosis of GC 
in elderly patients occur more frequently. However, few 

data are published concerning GC in elderly, due to the 
rigorous selection and under representation of the elderly 
in clinical trials. Therefore, the identification of definite 
prognostic factors that may help physician in the treat-
ment’s choice, could be very useful.

Fig. 1  KM curves for OS according to the examined clinicopathological prognostic factors (age, pre-operatory ECOG-PS, T, N, and R)
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Table 2  Examined factors 
according to the Cox 
proportional hazards regression 
model

PS performance status, CHT chemotherapy, RT radiotherapy

Univariate analysis Multivariate analysis for survival

HR 95% CI P HR 95% CI P

Age categories, years
 80–83
 84–92 1.67 1.19–2.36 0.003 1.10 1.01–1.18 0.099

Sex
 Female
 Male 1.24 0.88–1.74 0.208

T
 1
 2
 3
 4 1.28 1.07–1.54 0.007 1.23 0.96–1.56 0.092

N
 0
 1
 2
 3 1.34 1.15–1.56 < 0.001 1.15 0.95–1.38 0.149

R
 0
 1 3.85 1.99–7.43 < 0.001 2.10 0.87–5.04 0.099

Location
 Upper
 Middle
 Lower 1.04 0.80–1.36 0.736

Histology sec. Lauren
 Intestinal
 Diffuse
 Mixed 0.92 0.75–1.13 0.456

Hystology
 Tubular/mucinous
 Ring/undifferentiated 0.91 0.65–1.28 0.629

Grading
 ≤ 2
 ≥ 3 0.97 0.69–1.36 0.864

Lymphadenectomy
 D1
 D2 0.79 0.56–1.12 0.203

PS sec. ECOG preop
 0
 1
 2
 3 1.67 1.26–2.22 < 0.001

PS sec. ECOG postop
 0
 1
 2
 3
 4 1.19 0.92–1.54 0.157 1.41 1.12–1.77 0.003

Adjuvant treatment (CHT ± RT)
 Yes
 No 1.04 0.45–2.41 0.91
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In this study, we defined our elderly group as patients 
aged over 80 years old and, analyzing their clinicopatho-
logical factors, a nomogram predicting survival has been 
developed.

By the Munich Cancer Registry analysis, the 5-year rela-
tive survival was 23% for GC patients aged ≥80 years [10]. 
In our study, the survival rate was 50 and 30% at 1 and 
3-year, respectively. The increase of age, depth of invasion, 
lymph-nodes and/or surgical margin involvement, and the 
pre-operatory ECOCG PS was found to be independent 
prognostic factors of survival. According to the score given 
to each prognostic variable, a nomogram allowing to predict 
the probability of survival at 3, 6, 12, and 24 months after 
surgery, for elderly GC patients, was constructed.

In a retrospective analysis on 113 GC patients of age 85 
and older, limited lymphadenectomy, cT3-4, pT3-4, pN+, 
stage, and positive venous invasion were identified as signifi-
cantly prognostic factors of worse survival [11]. However, 
only advanced pT and limited lymphadenectomy resulted to 

be independent prognostic factors in the multivariate analy-
sis (HR 4.68, 95% CI 1.29–20.7, P = 0.02 and HR 2.19, 95% 
CI 1.00–4.97, P = 0.05, respectively).

As reported in literature [5, 12], clinicopathological fea-
tures of GC in elderly patients are distinct characteristics. 
Indeed, GC of the upper third of the stomach, the differ-
entiated histology and less-invasive surgery were reported 
in the most of cases with advancing age. Accordingly, in 
the present study, 62.6 and 65.7% of D1 lymphadenectomy 
and differentiated histology were reported, respectively.

As described in other studies [5, 11, 13] for elderly 
patients, a limited lymphadenectomy was performed more 
frequently than D2 lymphadenectomy, regardless of clini-
cal stage. Contrary to stage II/III, the leading cause of 
death in stage I GC was non-cancer specific death, and so 
a limited lymphadenectomy or less-invasive surgery may 
be eligible for earlier stage [3]. Moreover, the survival 
rate of the elderly in stage II/III resulted to be slightly 
low [14, 15] or similar [3] compared to that of younger 

Fig. 2  Prognostic nomogram for elderly GC patients to assign their probability of survival at 3, 6, 12, and 24 months after surgery. The prob-
ability of survival at 3, 6, 12, and 24 months can be obtained as function of total points calculated as the sum of points for each specific variable
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GC patients. Therefore, a radical lymphadenectomy was 
expected to improve survival of locally advanced GC in 
elderly patients [2]. However, the definitive indication of 

radical versus limited lymphadenectomy is not determined 
[16, 17] and the increasing of post-operative complications 
after surgery influence survival [18–20].

Fig. 3  a KM curves according to the nomogram total points (I–IV ranges) and b KM curves according the stage sec. AJCC-TNM classification 
(stage I–IV)

Fig. 4  a The boxplot of survival of patients died after therapy according to the total points obtained using the nomogram. (I–IV ranges) and b 
The boxplot of survival in months of patients died after therapy according to the AJCC-TNM stages (1–4)
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Data about type of surgical gastric resection are also 
controversy [21, 22]. A previous study [21] on a small 
sample of older than 70 GC patients suggests that gastrec-
tomy can be carried out safely in elderly patients. How-
ever, in the elderly, according to the study of Pisanu et al., 
surgical strategies must be modulated mostly on the bases 
of comorbidity and future quality of life [22]. So, a sub-
total gastrectomy rather than total gastrectomy should be 
the procedure of choice.

Liang et al. study [5] compared the common clinicopatho-
logical characteristics and surgical outcome among three 
aged-groups: elderly patients (≥ 70 years, 273 patients), mid-
dle-aged (50–69 years), and younger patients (< 50 years). 
Among elderly patients, adjuvant chemotherapy, consisted 
of 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX-6), 
was done only in 36 (13.2%) patients according to tumor 
stage, clinical condition, and willingness of the patient. With 
a median follow-up of 26 months, elderly patients demon-
strated a significantly lower 5-year OS rate than the other 
two groups (22%, vs. 36.6% vs. 38% in elderly, middle-aged, 
and younger, respectively). In this study, R, pT4, lymph node 
metastasis, M1, and sex were independent prognostic factors 
in the multivariate analysis for OS.

In a more recent study [20], the above-mentioned patho-
logical factors plus clinical PS per anesthesiologists-physical 
status (ASA-PS) score and postoperative complications were 
identified as independent prognostic factors for both OS and 
disease specific survival.

Another Japanese retrospective analysis [23] on GC 
patients who underwent surgery, including patients aged 
≥80 years, showed no significant differences in sex, body 
mass index, length of hospital stay, depth of invasion, nodal 
metastasis, histologic type, or tumor size between young 
patients (< 80 years old) versus older ones. Both postopera-
tive morbidity and mortality did not differ between the two 
groups, too. However, this study was conducted in a limited 
number of 32 (7% of the entire study population) elderly 
patients, and so the results has not showed much relevance.

Finally, Pak et al. study [24], including patients with 
advanced GC stage and treated with different modality, 
demonstrated that conservative treatment in the elderly cor-
related with poorer survival (HR 3.57, 95% 2.37–5.38) com-
pared to surgical resection or chemotherapy.

However, no data are so strong to reach final conclusions. 
Moreover, the role of adjuvant chemotherapy in elderly GC 
patients is still debuted. Surely, higher number of comorbidi-
ties and the age-related clinical status of older patients may 
increase the incidence of chemotherapy-related toxicity and the 
worsening of quality of life compared with younger patients.

Our findings are consistent with these reports and by 
selecting pT, pN, R, and ECOG PS as significant prognostic 
factors, a useful nomogram to predict survival at 3, 6, 12 e 
24 months was developed.

Patients comorbidities were not examined for this study 
as obviously various comorbidities affected those elderly 
population. Moreover, the diversity of comorbidity makes 
difficult to categorize variables for nomogram construction. 
However, since patients affected with other severe malignan-
cies were excluded from the analysis, the impact of comor-
bidity on survival should result to be minimal.

Taking in to account the explained literature data, it is rein-
forced the need to identify among those elderly GC patients, 
who show an outcome like to the younger, potentially candi-
date for more radical treatment and adjuvant chemotherapy.

Therefore, a nomogram that accurately predicts survival 
of elderly GC patients may be a useful chance to optimize 
therapeutic choice for such fragile patient population in each 
stage of disease and to prevent post-operative death. Our 
nomogram may be a useful tool to avoid unnecessary treat-
ment for patients with more than one adverse prognostic 
factor and with a total point < 137 (range I and II) (survival 
probability at 1 year around 20%). But it may also be used 
to recognize patients with better prognosis (range III and 
IV) who are possible candidates to adjuvant chemotherapy.

Conclusions

The distinguishing characteristics and prognosis of elderly 
patients underlines the required identification of independent 
predictors of survival to optimize the treatment’s physician 
choice for GC elderly patients. Moreover, none clinicopatho-
logical factor alone may be considered sufficient to withhold 
curative treatment for elderly GC patients. Therefore, we 
developed a nomogram providing an individualized predic-
tion of survival for older patients with 1–4 examined prog-
nostic factors (pT, pN, R, and pre-operatory ECOG PS).

As we have described, this nomogram could be useful to 
detect those older patients with a better survival and who 
may benefit from an intensive multidisciplinary treatment. 
However, for a generalized use of this nomogram in elderly 
patients affected with GC and underwent surgery, a valida-
tion by a wider cohort is required.
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