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Abstract

The aim of this study was to document patterns of survival after resection for cure for gastric cancer in a well-defined population.
A population-based series of 649 gastric cancers resected for cure between 1976 and 1995 in a 494000 population, was used.
Resection for cure was performed in 44.4% of the diagnosed cases. This proportion increased from 36.8% (1976-1979) to 45.0%
(1992—-1995) (P=10.03) whilst operative mortality decreased from 18.3 to 12.7% (P =0.003). The overall crude 5-year survival rate
(excluding operative mortality) was 32.6% (95% confidence interval (CI) 28.7-36.5) and the corresponding relative survival rate
was 40.9%. Prognosis did not improve during the study period. Stage at diagnosis was the most important prognostic factor, the 5-
year relative survival rate being 81.2% (£5.9) in TNM stage 1A, 76.9% (£8.0) in stage IB, 50.4% (+4.6) in stage 11, 24.4% (+3.7)
in stage IITA, 5.6% (£3.2) in stage I1IB and 5.2% (£ 2.2) in stage IV. Stage at diagnosis, age, subsite and macroscopic type of
growth were independent prognostic factors, in a multivariate relative survival model. Earlier detection or development of an
effective adjuvant therapy could contribute to improvement in prognosis. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Although declining in incidence, gastric cancer
remains an important cancer problem [1]. In France, it
ranks fifth amongst all cancers with an estimated 8700
new cases diagnosed per year [2]. Moreover, its prog-
nosis is poor [3,4]. Surgical resection remains the
primary treatment for gastric cancer. The influence of
clinical and pathological factors on survival rates after
potentially curative resection has been the subject of
many investigations [5—-11]. Most published data come
from specialised surgical teams and, as such, their
results cannot be used as a reference because of
unavoidable selection bias (for example, concerning age,
stage of diagnosis, health status, social status, place of
residence). Community-based studies recording all
diagnosed cases in a well-defined population have the
advantage of not being affected by selection biases that
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affect the composition of clinical trials and hospital
populations, so they represent the best way to identify
prognostic factors. There are few published reports on
the prognosis of all gastric carcinomas diagnosed in an
unselected population [12—16]. The aim of our study was
to document patterns of survival after resection for cure
in a well-defined French population over a 20-year
period.

2. Patients and methods
2.1. Patients

A population-based cancer registry, limited to
digestive tract tumours, was set up in 1976 to cover the
resident population of the Cote-d’Or area, Burgundy,
France (494 000 residents according to the 1990 census).
Information is routinely obtained from pathologists,
medical specialists (gastroenterologists, surgeons,
oncologists and radiotherapists), general practitioners
as well as death certificates. No cases were registered
from death certificates alone. However, these were used
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to trace missing cases. The quality and completeness of
the registry is certified every 4 years by an audit of the
‘Comité National des Registres’. The pathologists from
the three laboratories of the area reviewed the slides
concerning patients registered during the first 10 years of
the study in order to standardise pathological reports.

Between 1976 and 1995, 1462 gastric carcinomas were
diagnosed amongst Cote-d’Or residents, corresponding
to a mean annual age-standardised incidence rate of
15.0 per 100000 in males and 9.4 per 100 000 in females,
according to the world population. Amongst them, 992
patients were operated upon. Of these, 800 patients
underwent a resection, and 649 a resection with curative
intent. In order to delineate the factors that interfere
with long-term prognosis after curative surgery, the 88
patients who died in the postoperative phase were
excluded from the survival analysis.

Resection was considered curative if all grossly visible
tumour tissue was completely removed and the histo-
logical surgical margins were tumour-free (UICC RO
resection) [17]. Operative mortality was defined as death
within 30 days of surgery [18]. One University Hospital
including two surgical units, one Comprehensive Cancer
Center with one surgical unit, four General Hospitals
with eight surgeons, and four Private Hospitals with
nine practicing surgeons were involved. Vital status of
patients was ascertained from death certificates, regis-
trars of the place of birth and place of residence, or
from practitioners. In December 1998, vital status was
available for 1433 patients (98.0%).

2.2. Studied variables

Patients were categorised into two age groups: under
70 years of age and 70 years of age and over. Place of
residence was classified as Dijon city (the main town),
other urban areas (towns of more than 2000 inhabi-
tants) and rural areas. Subsite was coded according to
the International Classification of Diseases, 10th revi-
sion (ICD-10) [19]: cardia (C 16.0), fundus (C 16.1),
corpus (C 16.2), antrum and pylorus (distal third) (C
16.3 and C 16.4).

Surgical procedures were divided into distal gas-
trectomy, proximal oesophago-gastrectomy (PEG),
total gastrectomy and extended total gastrectomy
(ETG). PEG was defined as a proximal gastrectomy
including the lower portion of the oesophagus, per-
formed by a combined abdominal and right thoracic
approach. ETG was defined as a total gastrectomy
extended to the spleen, and/or to the pancreatic tail, to
distal oesophagus. Tumours were classified according to
size: 30 mm or less, 31-70 mm, and greater than 70 mm.
The gross morphological appearance was classified
according to Borrmann’s classification [20]. All tumours
were staged according to the fifth edition of the TNM
classification (1997) [17].

2.3. Statistical analysis

Time trends were established for 4-year periods,
leading to five study periods. Crude survival rates were
calculated using the Kaplan—Meier method. Survival
curves were compared using the logrank test. Relative
survival rates were also calculated, these being defined
as the ratio of crude survival rates and expected survival
rates derived from local population life tables. Survival
curves were compared using the maximum likelihood
ratio test. The standard error of crude and relative sur-
vival rates was calculated. Multivariate analysis was
performed using a relative survival model with propor-
tional hazard applied to the net mortality by interval
[21]. This model makes it possible to calculate relative
risks which are adjusted for competing causes of death.
The multivariate model was filled using a backward
procedure. The significance of covariates was tested by
the likelihood ratio test. The computations were per-
formed using BMDP statistical software (1L program)
[22] and Hedelin software [23].

3. Results
3.1. Resection for cure and operative mortality

Resection for cure was performed in 649 patients
(44.4% of all gastric cancer patients). It was conducted
more frequently in patients less than 70 years of age
(303/552: 54.9%) than in older patients (346/910:
38.0%) (P <0.001) and more frequently in distal cancers
(267/489: 54.6%, 267/649: 41.1%) and in cancers of the
corpus (141/273: 51.6%, 141/649: 21.7%) than in can-
cers of the fundus or cardia (161/450: 35.8%, 161/649:
24.8%) or in cancers located in more than one site (80/
250: 32.0%, 80/649: 12.3%) (P <0.001). Over the study
period, the proportion of patients in whom potentially
curative resection was possible increased from 36.8% in
1976-1979 to 45.0% in 1992-1995 (P=0.03) (Table 1).
The mean number of examined nodes remained stable
over the study period, being 8.1 +£0.6 and 8.8 £0.6 (NS)
at the beginning and end of the study, respectively. The
proportion of cases with at least 15 examined nodes was
16.5% and 20.6% (NS), respectively.

The overall operative mortality was 13.6%. It was
lower in patients under 70 years of age (7.6%) than in
older patients (18.8%) (P<0.0001). It was higher
during the first two 4-year periods than during the last
three 4-year periods, respectively, 20.6% and 9.1%
(P<0.001) (Table 1).

3.2. Univariate survival analysis

The overall crude survival rate, excluding post-
operative death, was 70.4% (95% confidence interval
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(CI): 66.7-74.12) at 1 year, 43.1% (95% CI: 40.0-47.2)
at 3 years, 32.6% (95% CI: 28.7-36.5) at 5 years. The
corresponding relative survival rates were 75.4, 49.0 and
40.9%. Tables 2 and 3 list patients’ characteristics in
relation to the 5-year crude and relative survival rates.
Sex, place of residence, and period of diagnosis were not
significant prognosis factors. However, age at diagnosis
was a significant prognostic factor. Patients younger
than 70 years of age survived longer than older patients
(=70 years of age) (P<0.0001), even when comparing

relative survival rates. Patients with a previous history
of gastric ulceration had a better survival than the other
patients. Prognosis was also better after partial gas-
trectomy than after total gastrectomy (Table 2). The site
of the primary gastric growth had an important bearing
on survival. Cancers located in the corpus (middle third)
had the best survival rates followed by cancers of the
antrum, cancers of the fundus or cardia and cancers
located in more than one site. Cancers 30 mm or less in
diameter also had a better prognosis than larger cancers

Table 1
Incidence of resection for cure and operative mortality
Period of diagnosis Total P value
1976-1979 19801983 1984-1987 1988-1991 1992-1995
n (%) n (%) n (%) n (%) n (%) n (%)
Number of cases n (%) 326 (22.3) 299 (20.5) 307 (21.0) 268 (18.3) 262 (17.9) 1462 (100)
Resection for cure 120 (36.8) 132 (44.1) 142 (46.3) 137 (51.1) 118 (45.0) 649 (44.4) 0.03
Operative mortality 22 (18.3) 30 (22.7) 13 (9.2) 8 (5.8) 15 (12.7) 88 (13.6) 0.003

P<0.05 taken as level of significance (chi-square test).

Table 2

S-year crude and relative survival rates after curative resection of gastric cancer according to sex, age at diagnosis, period of diagnosis, place of
residence, previous history of gastric ulceration and type of gastric resection (n=561)

Number of cases

Crude survival rate (%)

Relative survival rate (%)

n (%) S-year (SEM) P? value S-year (SEM) P? value
Sex
Female 196 (34.9) 314 (3.4) 46.0 (4.4)
Male 365 (65.1) 32.3(2.5) 39.5(2.9)
0.83 0.19
Age at diagnosis (years)
<70 280 (49.9) 43.7 (3.0) 46.8 (3.1)
=70 281 (50.1) 21.2 (2.5) 33.7 (3.5)
<0.0001 0.005
Period of diagnosis
1976-1979 98 (17.5) 37.7 (4.9) 45.1(5.3)
1980-1983 102 (18.2) 36.2 (4.8) 43.7 (5.4)
1984-1987 129 (23.0) 27.8 (4.0) 33.3 (4.5
1988-1991 129 (23.0) 29.6 (4.1) 41.5(4.9)
1992-1995 103 (18.3) 26.9 (5.8) 46.6 (5.9)
0.24 0.31
Place of residence
Dijon city 305 (54.4) 31.6 (2.8) 42.5(3.3)
Other urban areas 157 (28.0) 37.9 (3.9) 45.7 (4.5)
Rural areas 99 (17.6) 25.7 (4.5) 32.0 (5.0)
0.07 0.15
Previous history of gastric ulceration
Yes 72 (12.8) 43.3(5.9) 57.6 (6.6)
No 489 (87.2) 31.0 (2.2) 39.0 (2.6)
0.04 0.007
Type of gastric resection
Distal gastrectomy 350 (62.4) 35.2(2.6) 47.0 3.2)
Proximal-oesophago-gastrectomy 42 (7.5) 30.1 (7.3) 41.5 (8.0)
Total gastrectomy 104 (18.5) 26.7 (4.4) 33.2(5.0)
Extended total gastrectomy 60 (10.7) 17.5 (5.6) 26.1 (5.7)
Unknown 5(0.9)
0.1 0.006

4 Chi-square test, P<0.05 taken as level of significance.

SEM, standard error of the mean.
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Table 3

S-year crude and relative survival rates after curative resection of gastric cancer according to location and size of tumour, macroscopic growth and

stage at diagnosis

Number of cases

Crude survival rate (%)

Relative survival rate (%)

n (%) S-year (SEM) PP? value S-year (SEM) P2 value
Location of tumour
Distal third 244 (43.5) 34.5(3.1) 45.6 (3.7)
Fundus and cardia 130 (23.2) 23.4 (3.8) 29.2 (4.3)
Corpus 126 (22.5) 45.4 (4.5) 57.8 (5.0)
More than one site 57 (10.2) 13.5 (4.7) 17.5 (4.8)
Unknown 4 (0.7)
<0.0001 <0.0001
Size of tumour (mm)
30 169 (30.1) 44.4 (4.0) 63.0 (4.5)
31-70 250 (44.6) 28.9 (2.9) 36.6 (3.4)
>70 119 (21.2) 23.1 (4.0) 25.6 (4.3)
Unknown 23 (4.1) 20.8 (9.3) 22.2 (8.6)
<0.0001 <0.0001
Borrmann classification
Fungating I 45 (8.0) 43.8 (7.9) 65.0 (8.8)
Ulcero fungating 11 130 (23.2) 40.4 (4.3) 48.4 (4.9)
Ulcero infiltrating I11 308 (54.9) 28.9 (2.7) 39.3(3.2)
Infiltrative IV 59 (10.5) 18.1 (5.1) 22.0 (5.4)
Unknown 19 (3.4)
0.001 <0.001
TNM stage
Stage IA 73 (13.0) 69.3 (5.6) 81.2 (5.9)
Stage IB 53(9.4) 52.9 (7.1) 76.9 (8.0)
Stage 11 160 (28.5) 38.1 (3.9) 50.4 (4.6)
Stage IITA 164 (29.2) 19.5 (3.2) 24.4 (3.7)
Stage I1IB 34 (6.1) 2.5(1.3) 5.6 (3.2)
Stage IV 68 (12.1) 8.6 (3.4) 522
Unknown 9 (1.6)
<0.0001 <0.0001

2 Chi-square test, P<0.05 taken as the level of significance.
SEM, standard error of the mean.

(Table 3). Prognosis was also related to macroscopic
features: the highest survival rates were reported for the
fungating type and the lowest for the infiltrative type.
The extent of tumour spread was a major prognostic
factor (Fig. 1). Relative survival in patients with a
cancer limited to the submucosa (stage IA), was only
slightly lower than that of a population with a similar age
and sex distribution. Prognosis worsened with advance-
ment of cancer stage. The prognosis was particularly
poor when lymph nodes were involved.

3.3. Multivariate survival analysis

When a relative survival model including the variables
significant in the univariate analysis and the sex was fitted,
the variables sex, period of diagnosis, previous history
of gastric ulceration, type of surgical resection and size
were not statistically associated with relative survival
(data not shown). Stage at diagnosis (P <0.00001), age
(P=0.003), location of the tumour (P=0.01) and gross
morphological appearance (P=0.0005) were indepen-
dent prognostic factors (Table 4). The main prognostic
factor was stage at diagnosis. The relative risk (RR) of

death was 5 times higher in stage IIIA (RR (95% CI);
5.77 (2.57-12.94)) and at least 10 times higher in stage
ITIB (10.88: 3.79-31.25) or IV (11.78: 4.81-28.86) when
compared with stage IA. Prognosis was worse in the
infiltrative type compared with other gross appearances,
in cancers of the fundus or cardia and in cancers located
in more than one site compared with more distal
cancers, independent of cancer stage.

4. Discussion

This study has the advantage of including all cases of
gastric cancer resected for cure in a well-defined French
population over a 20-year period. Information on clin-
ical and morphological features and treatment were
available for nearly all cases and survival data were also
exhaustive with complete follow-up in 98% of recorded
cases. Thus, this study was carried out without the
referral bias, which often occurs in hospital-based series.

The proportion of gastric cancers resected for cure
increased slightly over the study period. The main
change was observed when comparing the first 4-year
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Fig. 1. Relative survival curves according to stage at diagnosis after curative resection for gastric cancer (TNM classification).

study period with the second one. Then the proportion
of cases resected for cure levelled out. Similar trends
have been reported in the scarce population-based
reports [3,4,12,13]. Previous studies have already stressed
that the development of endoscopy was associated with

Table 4
Multivariate analysis of relative survival for gastric cancer
Variables Relative risk P* value
(95% confidence interval)

TNM stage

Stage 1A 1

Stage IB 1.41 (0.55-3.65)

Stage I1 3.14 (1.55-6.37)

Stage I1TA 5.77 (2.57-12.94)

Stage I1IB 10.88 (3.79-31.25)

Stage IV 11.78 (4.81-28.86)

<0.00001

Age group

<70 1

=70 1.48 (1.15-1.91)

0.003

Location of the tumour

Distal third 1

Corpus 0.92 (0.64-1.32)

Fundus or cardia 1.40 (1.02-1.91)

More than one site 1.77 (1.18-2.67)

0.01

Borrmann’s classification

Fungating I 1

Ulcero fungating II 0.70 (0.42-1.18)

Ulcero infiltrating 111 1.18 (0.73-1.91)

Infiltrative TV 1.68 (1.05-2.86) 0.0005

@ Likelihood ratio test, P<0.05 taken as level of significance.

minor progress in gastric cancer care [24]. This can be
explained by the fact that when symptoms occur, the
cancer has often already spread. The only striking trend
in the management of gastric cancer lies in the reduction
of operative mortality, when comparing the first two 4-
year periods with the last three. This trend may be
attributable to improved surgical techniques, but it is
likely to be due mainly to improvements in periopera-
tive management and in postoperative resuscitation.

In hospital series, which often emanate from special-
ised surgical centres, data on the prognosis of gastric
cancer are more favourable [5-11,25-27]. After curative
surgery, the 5-year crude survival rate ranges from 47%
to 54% [11,28,29], whereas in population-based series it
ranges from 22 to 45% [3,4,12,13]. So far there are few
population-based survival figures. They require more
effort than cancer incidence statistics. In addition to
identifying the patients, detailed information on the
cancer characteristics is required, as well as a complete
yearly follow-up. Most of the time, only overall survival
rates are available [14-16]. The only detailed popula-
tion-based statistics that can be compared with our
series come from the West Midlands, UK [12], from The
Netherlands [13] and from French Brittany [3,4]. The
stability of the mean number of examined nodes and the
low proportion of cases with at least 15 examined nodes
suggest that most patients in this population had a DI
resection and, therefore, surgical practice did not
change over time.

The main purpose of this study was to identify clinical
or pathological characteristics easily available in a
population-based series that influence the prognosis of



S. Msika et al. | European Journal of Cancer 36 (2000) 390-396 395

patients with gastric cancer after resection for cure so as
to predict outcome and to help define patients who may
benefit from adjuvant therapy. All studies, population-
based as well as hospital-based, indicate that the anatom-
ical extent of gastric cancer is the main prognostic factor.
In our study, little difference in prognosis between cases
TNM stage IA and TNM stage IB is observed and these
two groups can be considered together. In contrast,
survival rates decrease sharply when the serosa is
involved. The extent of lymph node involvement also
plays a major role in prognosis [6,8]. Our study also
confirmed these observations. The multivariate analysis
suggests that if the anatomical extent of the cancer is the
most important prognostic factor, age, growth appear-
ance and location of the cancer have an independent
influence on prognosis. The increased degree of comor-
bidity in the elderly can explain the worse prognosis in
patients 70 years of age and above. The effect of age was
more pronounced when considering crude survival rates
than when using relative survival rates. This is due to
the fact that crude survival models do not take into
account the natural increase in mortality with advan-
cing age. Relative survival models adjust for this natural
mortality and thus provide mortality due to the disease
itself. These types of models seem most appropriate for
describing outcomes in population-based statistics. This
study also indicates that there is a relationship between
the site of the cancer and prognosis. Cancers of the
upper part of the stomach are associated with a poorer
survival compared with those of the middle or lower
part of the stomach. Several other studies report an
independent prognostic impact for this variable
[11,13,30,31]. Cancer of the upper part of the stomach
may have a more aggressive natural history. Further-
more, the model highlights the worse prognosis of
patients with Borrmann type IV compared with other
macroscopic types of growth. Similar results were
reported in a population-based study in French Brittany
[4]. This is probably because peritoneal diffusion of
infiltrative tumours is faster than in other tumours, as
has been suggested in a Japanese series of patients [32].

No improvement in the survival rates for gastric
cancer after curative surgery has been achieved over the
two decades of the study. This is not surprising as
surgical techniques used in this paper were uniform
throughout the time period studied and adjuvant thera-
peutic strategies have not been proved to be of sig-
nificant benefit. Furthermore, we have shown in a
previous study the absence of improvement in the stage
observed at diagnosis [33]. The slight increase in prog-
nosis seen in the overall statistics [14,33] can be attrib-
uted mainly to decreases in operative mortality and, to a
lesser degree, to the moderate increases in the resection
rate that have occurred with time.

Gastric cancer remains an important management
problem even after resection for cure, because cases

with a good prognosis still represent a too small pro-
portion of the total number of gastric cancers. However,
although surgery was standardised in our population-
based study significant changes in surgery have occurred
in recent years which might result in a better prognosis
amongst these patients [8,28,29]. Nevertheless, in the
short term, improvement can be achieved through ear-
lier detection and/or the development of an effective
adjuvant treatment. Thus, patients with recent upper
gastrointestinal symptoms should be investigated
rapidly and involved in trials evaluating adjuvant ther-
apy after surgery for cure.
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