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Background: Gastric cancer (GC) is a leading cause of cancer-related death in the world and most patients
have advanced disease upon presentation. The effect of age on prognosis in GC is controversial. We aimed
to determine the impact of age on survival in patients with GC.

Methods: This was a retrospective study of the medical records of Lebanese patients diagnosed with GC
at the American University of Beirut Medical Center (AUBMC) between 2005 and 2014. Patients were
divided into young (<65 years) and older groups (265 years). A multivariate analysis was done to determine
the independent predictors of survival. Kaplan-Meier method was used for analysis of long-term survival
outcomes.

Results: The sample consisted of 156 patients. The mean age was 62.15 (SD 13.54). Most patients
presented with stage 4 disease (62.2%) and poorly differentiated histology (66.4%). The most common
symptoms were abdominal pain and weight loss. On bivariate analysis, advanced stage (P=0.02) and higher
grade (P=0.04) were associated with increased mortality. Patients <65 years of age were significantly more
likely to have poorly differentiated tumours, while patients >65 years had more comorbidities (P=0.001). The
5-year DFS were 35% and 37% for patients <65 years of age and >65 years of age, respectively (P=0.15).
Conclusions: Higher grade and advanced stage are associated with worse survival in patients with GC, but
age did not seem to have an impact. Screening high risk patients and early diagnosis are necessary to improve

survival.
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Introduction incidence rates of gastric cancer (GC) between 2003 and

According to a recent national epidemiological study and 2008, from 6.2 to 8.1 cases per 100,000 among males, and

records from the Lebanese Ministry of Health, cancer from 5.1 to0 6.7 cases per 100,000 among females (1,2). In

incidence in Lebanon is among the highest in the region Lebanon, there are on average 240 cases of GC per year,
and is expected to remain high over the coming decade (1). and GC ranks as the seventh and tenth most common cause
Specifically, there was an increase in the age-standardized of cancer among males and females, respectively (3).
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The outcome of GC is often poor, and even with
advancements in diagnosis and treatment, 5-year overall
survival (OS) rate for advanced GC is still under 30% (4,5).
This is largely attributed to later age (i.e., between 70 and
75 years of age), and advanced stage at diagnosis (6,7). The
association between age and survival in GC, however, is
controversial. It has been reported that younger patients
diagnosed with GC may have lower survival than older
ones (8). However, subsequent studies did not confirm this
difference (8,9). In a large study involving 13,840 patients
from 17 USA population-based registries of patients
diagnosed with metastatic GC, old age (>75 years), male
gender and proximal location were significant independent
predictors of shorter survival (10). Understanding the
association between age and GC survival may affect the
global prognosis and increase treatment efficacy (11,12).

To our knowledge, only one study examined the clinical
and demographic characteristics of patients with GC in
Lebanon (2). However, it did not examine the effect of age
on prognosis. The aim of this study was to determine the
impact of age on survival in Lebanese patients with GC.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jgo-20-139).

Methods
Study design and setting

The study is a single institution retrospective cohort study
based on chart review of all gastric adenocarcinoma cases
treated between January 2005 and December 2014 at the
American University of Beirut Medical Centre (AUBMC),
a private and tertiary facility that operates 420 beds, serving
around 22,000 in-patients per year. AUBMC provides a
wide spectrum of medical, nursing, and paramedical training
programs at the undergraduate and post-graduate levels in
different specialties and subspecialties and is considered a
referral medical center in the Middle East region.

Participants

Participants were patients diagnosed with gastric
adenocarcinoma between January 2005 and December 2014.
All patients who had other types of GC (e.g., lymphoma,
gastrointestinal stromal tumour, carcinoid tumours) were
excluded. The list of all patients diagnosed with gastric
adenocarcinoma was acquired from the Department of
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Medical Records at AUBMC. The initial list included
415 patients. However, 89 patients were excluded for
being non-Lebanese, 134 were excluded because of
missing data, and 36 patients were excluded because gastric
adenocarcinoma was not their primary malignancy. The
final list included 156 patients whose data were extracted
from the medical records retrospectively.

Study variables

After acquiring patients’ names list from the medical records
at AUBMC, hospital medical charts were reviewed for
demographic and clinical data. Variables included place/date
of birth, gender, residential area, age at diagnosis, body mass
index (BMI), history of gastro-oesophageal reflux disease
(GERD), H. pylori screening results, smoking and alcohol
intake status, use of home medications such as non-steroidal
anti-inflammatory drugs (NSAIDs), proton pump inhibitors
(PPIs) and iron supplements, family history of GC,
personal history of any GI cancer or any radiation exposure,
presenting symptoms along with duration of symptoms,
and the method of diagnosis. Furthermore, radiographic,
endoscopic, surgical, and pathological records were
reviewed to obtain data on gross tumour characteristics,
histological type, tumor stage and grade, peri-neural and
perivascular invasion, number and ratio of positive lymph
nodes, and positivity of surgical margins. Other parameters
that were included are undertaken treatment options (i.e.,
curative versus palliative management), the type of surgical
intervention, and whether neo-adjuvant, adjuvant, or
palliative chemotherapy was administered. The dates of
death or last follow up were recorded.

Patients were divided into two groups, namely below
or above 65 years of age in order to compare the 2 groups
in terms of demographic, clinical, histological data, and
management. BMI was categorized in accordance with WHO
standards, namely BMI <25 as normal, BMI between 25-30 as
overweight, and BMI >30 kg/m” as obese. We also reviewed
the total number of comorbidities which included diabetes,
hypertension, cerebrovascular disease or stroke, cirrhosis, heart
failure, coronary artery disease, and chronic kidney disease.

Statistical analyses

The Statistical Package for the Social Sciences (SPSS)
version 23.0 was used for data cleaning, management, and
analysis. Categorical variables were presented using number
and percent, whereas continuous ones were presented
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by mean and standard deviation (= SD). In the bivariate
analysis, the association between young (<65 years) and old
age (=65 years) of patients and other categorical variables
was assessed using the Chi-square test, whereas Student’s
t-test was used for the association with continuous variables.

A multivariate logistic regression analysis was performed
to determine the predictors of survival. The independent
variables chosen for modelling were those found to be
significant at the bivariate analysis level in addition to those
considered clinically meaningful. The variables included in
the model were: age, grade, stage, lympho-vascular invasion,
nodal metastasis, number of comorbidities and tumour
location. The results were described as odds ratios (OR) and
their corresponding 95% confidence intervals (CI). The
probability of survival was analysed using Kaplan-Meier
survival analysis with comparison between groups (<65
vs. 265 years) using log-rank test. P<0.05 was considered
statistically significant. In a separate analysis, patients were
further subdivided into 3 categories: <45, 45-65, >65 years
of age, and we examined the effect of age, grade, and stage
on survival in all three sub-categories.

All procedures followed were in accordance with
the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Helsinki Declaration of 1964 and later versions.
Approval was obtained from the Institutional Review Board
committee at the American University of Beirut (AUB)—
IM.KB.14. No informed consent was taken from patients
since this is a retrospective study that involves reviewing
the charts of eligible patients. This is in line with our IRB
policy. No identifying information was included in the
analysis and review of data.

Results
Participant characteristics

The sample consisted of 156 Lebanese patients diagnosed
with gastric adenocarcinoma as the primary malignancy
from January 2005 until December 2014 at AUBMC. The
mean age was 62.15 (SD 13.54), and 53.8% were males.
More than half reported having higher than normal BMI,
with 33.3% being overweight, 15.6% being obese, and 3.4%
being severely obese.

Patients presentation

There was a median time of 2 months between the onset of
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symptoms and the diagnosis. The most common presenting
symptoms were upper abdominal pain (56.6%), weight
loss (44.7%), nausea/vomiting (28.2%) followed by GI
bleeding (21.7%). The mean haematocrit on presentation
was low (32.2%). Using the tumor-node-metastasis (TNM)
staging system, most participants (62.2%) presented at
stage 4 disease and most (66.4%) had poorly differentiated
(high grade) histology. Only 5 patients (3.2%) were lost to
follow-up.

The majority of patients (62.0%) had distant metastasis,
most commonly to the liver, peritoneum, extra regional
lymph nodes, lungs, and the brain. Furthermore, only a
minority (28.0%) underwent surgical resection, mainly
those who were in stages 0, 1, 2, and 3, out of whom 33.3%
received neo-adjuvant treatment. For some patients with
non-resectable GC, palliative surgery was done to relieve
symptoms or complications like bleeding or obstruction.
Less than half of the total sample presented without any
comorbidities (43.5%), whereas the rest presented with 1
to 4 comorbidities. As for the location of the tumor, 29.4%
had a proximal location, while 32.7% had a distal location
and 18.3% had diffuse type, the rest 19.6% were in the
middle third of the stomach. Finally, almost half of patients
who had surgery (52.2%) received adjuvant therapy post-
operatively (Table 1).

Prognosis of GC in Lebanese patients

On bivariate analysis, both advanced stage (P=0.02) and
poor grade (P=0.04) were associated with mortality. Chi-
square tests of independence were conducted to examine
the relation between age group and other variables (Table 2).
Patients <65 years of age were significantly more likely to
have poorly differentiated (high-grade) histology (P<0.001),
were significantly more likely to have progression of the
disease where the cancer becomes more advanced or
spreads to different locations (P=0.03) when compared to
patients >65 years of age. Severe obesity was more prevalent
in patients >65 years of age (P=0.05) and were significantly
more likely to have a higher number of comorbidities
(Table 2, P<0.001).

No statistically significant associations were found
between gender (P=0.19), smoking (P=0.32), and stage at
diagnosis (P=0.31) between patients below and those above
65 years of age. Kaplan Meir survival curve showed a similar
overall survival in the two groups of patients. The 5-year
DFS were 35% and 37% for patients <65 years of age and
>65 years of age, respectively (P=0.15). The overall survival
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Table 1 Clinical characteristics of GC in Lebanese patients

Clinical characteristics Total N=156, n (%)

Presenting signs/symptoms (n=156)

Upper abdominal pain 86 (56.6)
Weight loss 68 (44.7)
Nausea/vomiting 43 (28.2)
Gastro-intestinal bleeding 33(21.7)
Dysphagia 19 (12.5)
Iron deficiency anemia 16 (10.5)
Others 10 (6.5)

Stage at diagnosis® (n=111)

Stage 0 1(0.9)
Stage 1 7 (6.3)
Stage 2 21 (8.9)
Stage 3 13 (11.7)
Stage 4 69 (62.2)

Histology® (n=134)

Well differentiated 6 (4.5)
Moderately differentiated 39 (29.1)
Poorly differentiated 89 (66.4)

Site of metastasis® (n=134)

Liver 30 (20.5)
Peritoneum 29 (20.0)
Extra-regional LN 32 (22.1)
Lungs 9(6.2)

Others* 18 (12.5)

Family history of GC (n=121)
Yes 8 (6.6)
Surgical resection (n=156)

Yes 44 (28.0)

*

, others: bone, omentum, mesentery, gallbladder, spleen,
a b

pancreas; , missing information for 28%; , missing information

for 14% of patients. LN, lymph nodes.

after 10 years of diagnosis of GC was 35% and 18% for
patients <65 years of age and >65 years of age respectively
with a median follow up of 3 years and 4 years respectively
(0.51) (Figure I).

Table 3 presents a multivariate regression analysis of
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Table 2 Demographic and clinical characteristics of patients with

GC younger or older than 65 years of age

Age
Characteristics <65 years >65 years b value
(N=80) (N=76)
Age (mean), years old  51.4+9.01 73.5+6.32 <0.0001
Gender, n (%) 0.19
Male 39 (48.8) 45 (59.2)
Female 41 (51.3) 31 (40.8)
Body mass index, n (%) 0.05
Underweight 7(9.1) 3 (4.3)
Normal 28 (36.4) 32 (45.7)
Overweight 27 (35.1) 22 (31.4)
Obese 15 (19.5) 8(11.4)
Severely obese 0(0.0) 5(7.1)
Smoking® (n=148), n (%) 0.318
Non-smokers 38 (49.4) 43 (60.6)
Ex-smokers 11 (14.3) 10 (14.1)
Smokers 28 (36.4) 18 (25.4)
Number of comorbidities® (n=155), n (%) <0.0001
0 62 (77.5) 6 (8.0)
1 16 (20.0) 27 (36.0)
2 2 (2.5) 28 (37.3)
3 0(0.0) 11.(14.7)
4 0 (0.0 3(4.0)
Stage at diagnosis® (n=111), n (%) 0.310
Stage 0 0 (0.0) 1(2.0
Stage 1 2(3.3) 5(10.0)
Stage 2 11 (18.0) 10 (20.0)
Stage 3 6 (9.8) 7 (14.0)
Stage 4 42 (68.9) 27 (564.0)
Histology® (n=134), n (%) <0.0001
Well differentiated 2 (3.0) 4 (5.9)
Moderately 10 (15.2) 29 (42.6)
differentiated
Poorly differentiated 54 (81.8) 35 (61.5)
Progression® (n=134), n (%)
Yes 36 (45.0) 21 (27.6) 0.03

Table 2 (continued)
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Table 2 (continued)

Age
Characteristics <65 years >65 years
(N=80) (N=76) P value

Location of tumor® (n=143), n (%) 0.19

Proximal 21 (30.4) 25 (39.1)

Middle third 9 (13.0) 14 (21.9)

Distal 30 (43.5) 21 (32.8)

Diffused 9 (13.0) 14 (21.9)

° missing information for 9%; b, missing information for 1%; ‘
missing information for 28%; d, missing information for 14%.

Age

1 <65

1.0 A

1 265
—— <65-censored
- =65-censored

o
o
1

Cum survival
I
N
1

0.0

0.00 2.00 4.00 6.00 8.00 10.00 12.00
Time

Figure 1 Kaplan-Meir survival curve (in years) of GC patients

younger or older than 65 years of age.

Table 3 Multivariate regression: predictors of mortality in GC

patients

Variables OR (95% Cl) P value
Age 2.06 (0.64-6.71) 0.23
Grade 3.28 (1.02-10.58) 0.05
Stage 1.93 (1.03-3.62) 0.04

Variables included in the model: age (reference: <65 years old);
grade (reference: well), stage (reference: 0/1/2); nodal metastasis,
lympho-vascular invasion, comorbidities, tumour location.

variables that were found to be independent predictors of
mortality in our GC population. We found that high grade
(P=0.05) and advanced stage (P=0.04) are both independent
predictors of mortality. Meanwhile, after adjusting for grade
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and stage, old age was found to have a numerically increased
odds ratio for worse survival (OR 2.06, 95% CI: 0.64-6.71),
but this did not reach statistical significance (P=0.602).
Nodal metastasis, lympho-vascular invasion, number of
comorbidities and location of tumour were not found to
have statistically significant prognostic value. Please see
Table 3.

Finally, another analysis was performed to compare
survival in young people (less than 45 years of age) and
people over 65 years of age. Thus, patients were sub-
categorized into 3 groups according to age: <45, 45-65,
>65 years of age. Analysis of grade and stage as prognostic
factors showed that both grade (P=0.046) and stage
(P=0.046) are independent predictors of mortality, but age
had no impact.

Discussion

Our results suggest that poor grade and advanced stage are
both associated with worse survival in GC, but age does
not seem to have an effect. GC in our population exhibits
aggressive features particularly in young patients (<65), as
characterised by poorly differentiated grade. Moreover,
most patients present at an advanced stage upon diagnosis.
Strikingly, the prevalence of metastasis upon presentation
(66.2%) in the Lebanese population is more than that
reported in resource-limited African countries (27%)
and resource-rich European countries (7%) (13) and is
consistent with what has been reported previously (2). On
the other hand, in Japan, and despite elevated rates of GC,
as much as 60% of cases are detected in early stages upon
presentation (14).

The prognostic value of age in GC is still controversial.
Many studies suggest that prognosis depends on disease
stage and not on patient’s age, and that the delay in
the diagnosis of young patients leads to presentation at
advanced disease stages (15,16). Table 4 summarizes the
literature regarding the effect of age on survival in GC.
Seven out of 10 studies showed an effect of age, with only 2
studies showing worse prognosis in young patients (15,21).

Most studies suggest that young patients present with
poorly differentiated histology, signet ring type and more
advanced disease (15,16), and our findings agree with
that. Furthermore, the prognosis in younger patients who
underwent curative resection is relatively better that older
patients (11,17,20). This suggests that young patients who
have early, or potentially curable GC are likely to survive
longer than their older counterparts. As the impact of cancer
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Table 4 Summary of studies about impact of age on mortality in GC patients

Reference

Population

Study nature Effect of older age

Multivariate (prognostic factors)

Lai et al., 2008 (18),
Korea

Yang et al.,
2011 (20), USA

Wang et al.,
2010 (10), China

Lietal., 2017 (21),
China

Saito et al.,
2006 (19), Japan

Zhang et al.,
2018 (17), Country:
U.S. and China

Isobe et al.,
2013 (30), Japan

Theuer et al.,
1996 (16), USA

Park et al.,
2009 (8), Korea

El Halabi et al.,
2019 (current
study), Lebanon

6,954 GC patients who received curative
resections, divided into 3 groups: 883
(<40 years old), 4,640 (41-65 years old),
and 1,431 (>65 years old)

13,840 GC patients with metastasis

980 GC patients treated by surgical
resection

11,299 GC patients with distant
metastasis divided into <60 and
>60 years of age

1,473 GC patients who had undergone
curative gastrectomy

16,856 GC patients; 50-year-old was
treated as cut-off age

3,818 GC patients, divided in 2 groups:
169 (<40 years) and 3,649 (>40 years)

203 GC patients; 40-year-old was treated
as cut-off age

3,362 GC patients, divided into 3 groups:
<45, 46-70 and =71 years old

156 GC patients; 65-year-old was treated
as cut-off age

Retro

Retro

Retro

Retro

Retro

Retro

Retro

Retro

Retro

Retro

Worse outcome”  Advanced age*; gender”; tumor size;
tumor location; histological type;
operation type*; depth of invasion*; LN

status*

Worse outcome Advanced age*; male sex*; grade®;

tumor site*

Worse outcome Advanced age*; tumor site*; tumor
size*; histological type*; lymphatic/
venous invasion®; depth of invasion*;

nodal status*; adjuvant chemotherapy*

Worse outcome’  Years of diagnosis*; advanced age*;
race*; primary site; histological type*;

grade®; surgery*; marital status*; stage*

Worse outcome  Sex; advanced age™; histological
type; tumor size*; depth of invasion;
In metastasis*; blood vessel invasion;

chemotherapy

Better outcome in
stage |-1V; worse
outcome in M0°

Advanced age*; sex; location; histologic
type; grade; depth of invasion; In
involvement

Better outcomed Gender; location; macroscopic type*;
histologic type; depth of invasion*;
distant metastasis*; peritoneal
metastasis*; LN metastasis; hepatic

metastasis; curative resection®

No effect’ No multivariate analysis was done

No effect’ Sex; location; stage*; vein invasion®;
type of resection; curative resection®;
CEA level; ca19-9 level*

No effect Age; location; stage™; grade*; nodal

metastasis; number of comorbidities;
vascular invasion

® overall survival rate was significantly better in young patients than middle-aged patients (P=0.018) and elderly patients (P<0.001); b, 1-
and 3-year cancer specific survival rates were 29.0% and 6.2% in YG and 22.8% and 4.8% in elderly group (P<0.001); ‘ age was defined
as an independent risk factor for CSS in the subgroup of MO GC patients who received total or near-total gastrectomy (HR 1.34, 95%Cl:
1.11-1.62, P=0.003); d, YG was significantly lower compared to OG (59.7 and 65.9% respectively; P=0.049); °. 6-month survival in young
(23%) was worse than older patients (42%), P=0.14; f, in curatively resected patients, the 5-year survival rate was significantly better in the
young age group (45 years) than the older age groups (80.81% vs. 75.42%; P=0.002). YG, younger group; OG, older group.

is eliminated, survival will naturally be determined by age
and comorbidities and will be longer in younger patients.
On the other hand, in patients with advanced metastasis,
the prognosis is worse in older patients but is still hideous
in both groups (18). Older patients are less likely to tolerate
the complications of metastatic disease because of their
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baseline advanced comorbidities. Notably, no studies have
directly addressed the effect of comorbidities on survival
in patients with GC. Interestingly, when patients were
matched by stage, older patients had lower survival, most
likely because of the effect of age and comorbidities on
survival, and due to poor tolerance of the elderly to surgery
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and chemotherapy (19). Finally, physicians are naturally
more aggressive in the treatment of younger patients, be it
surgical or chemotherapy, giving them potentially a survival
advantage. In our study, the negative impact of poorly
differentiated histology in the young was likely offset by
comorbidities in older patients (7able 4).

It is not clear why younger patients are more likely to
present with poorly differentiated, diffuse type GC, and
whether this could be related to genetic or environmental
susceptibility to an aggressive tumour behaviour (16,21).
There is typically a time lag between tumour growth
and onset of symptoms, but other factors unique to the
Lebanese and the Middle Eastern population may have a
role in developing aggressive tumour behaviour at a young
age (8). In our study, younger patients were more likely to
have poorly differentiated histology, which seems to impart
a poorer prognosis and lower survival. On the other hand,
age, number of comorbidities and tumour location did not
show an effect on survival, which may be related to the rapid
growth of GC or failure of comorbidities to have enough
time to show an impact on mortality. In addition, we might
have missed associations due to the relatively small number
of patients.

We endorse that a high index of suspicion for the
diagnosis in younger patients is necessary to improve
prognosis. Therefore, physicians should have low threshold
for investigation for GC in patients presenting with
unexplained upper gastrointestinal symptoms, symptoms of
peptic ulcer that do not improve on medical management,
anemia and/or family history of GC (15,23,24). Endoscopic
biopsies of gastric ulcers should be conducted for early
diagnosis, since this may increase survival (15,25,26).
Moreover, unexplained anemia should prompt endoscopic
evaluation, particularly when accompanied by upper
gastrointestinal symptoms.

Surgical removal of the primary tumour and regional
lymph nodes may be the only curative treatment for GC,
and early diagnosis and treatment can be potential curative
options, particularly in young patients (17,27). Additionally,
radiation and chemotherapy may be used as adjunct
modalities to improve curative and survival rates, but their
role has not been firmly established (28-30).

The most important limitation of this study relates to
the data being collected retrospectively from medical record
charts without contact with patients. Therefore, selection
bias might account for some of our results. Furthermore,
the two patient groups were not matched. For example, the
younger group had a higher frequency of stage 4 disease,
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and advanced stage is associated with poor prognosis
according to previous studies. The sample size is relatively
small (156 cases), and this may decrease the power and
generalizability of our findings. Also, this study lacks some
important clinical information related to survival such as
recurrence rate and type of chemotherapy. In addition, we
did not have information on HER2 status. Furthermore, we
did not conduct a cause of death analysis. Finally, we did not
determine the Charlson Comorbidity Index for our patients;
instead, we examined the total number of comorbidities.

Conclusions

Gastric adenocarcinoma exhibits more aggressive features
in younger Lebanese patients when compared to older ones,
but younger age seems to have no effect on overall survival.
Given that higher tumor grade and advanced stage at
diagnosis are associated with worse survival, the significance
of young age at diagnosis is unclear and may depend
on specific populations and ethnic groups. The results
highlight the need for early screening and intervention
in high risk Lebanese people. While some observational
studies suggest that screening has contributed to detection
of cancer in early stages, along with an overall decline
in GC mortality, there are no known data from large
controlled trials. Since GC survival remains poor, future
investigations of the genetic, molecular, and environmental
factors underlying these age-related differences may provide
important insights and ultimately improve patient survival.
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