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ORIGINAL ARTICLE

Prognosis after surgery for gastric adenocarcinoma in the Swedish Gastric
Cancer Surgery Study (SWEGASS)

Johannes Asplunda, Eivind Gottlieb-Vedia, Wilhelm Leijonmarcka, Fredrik Mattssona and Jesper Lagergrena,b

aDepartment of Molecular Medicine and Surgery, Upper Gastrointestinal Surgery, Karolinska University Hospital, Karolinska Institutet,
Stockholm, Sweden; bSchool of Cancer and Pharmaceutical Sciences, King’s College London, London, UK

ABSTRACT
Background: Most studies examining prognostic factors after gastrectomy come from selected
patients and non-Western populations. This nationwide population-based cohort study aims to identify
prognostic factors after surgery for gastric adenocarcinoma in an unselected Western cohort.
Methods: This study included 98% of patients who underwent gastrectomy for gastric adenocarcin-
oma in Sweden in 2006–2015, with follow-up through 2019. Data were collected from medical records
and national registries. Exposures were sex, age, education, comorbidity, tumor sub-localization, tumor
stage, calendar period, and pre-operative chemotherapy. Outcomes were 3-year all-cause and disease-
specific mortality. Cox regression produced hazard ratios (HRs) with 95% confidence intervals (95%
CIs), adjusted for the other study exposures.
Results: Among all 2154 patients, 3-year all-cause mortality was 53.3%. Factors influencing 3-year all-
cause mortality after multivariable adjustment were tumor stage (stage IV vs. stage 0–I: HR 8.72, 95%
CI 6.77–11.24), comorbidity (Charlson comorbidity score �2 vs. 0: HR 1.63, 95% CI 1.39–1.90), age (>75
vs. <65 years: HR 1.48, 95% CI 1.24–1.78), and calendar period (2006–2010 vs. 2011–2015: HR 0.83,
95% CI 0.73–0.95). No independent prognostic influence was found for sex (women vs. men: HR 1.01,
95% CI 0.85–1.09), pre-operative chemotherapy (yes vs. no: HR 0.92, 95% CI 0.78–1.08), tumor sub-
localization (non-cardia vs. cardia: HR 1.01, 95% CI 0.83–1.22), or education (�13 vs. �9 years: HR 0.89,
95% CI 0.74–1.07). The results were similar for 3-year disease-specific mortality.
Conclusion: Survival after gastrectomy for gastric adenocarcinoma needs further improvement. Tumor
stage, comorbidity, age, and calendar period were independently prognostic, while sex, pre-operative
chemotherapy, tumor sub-localization, and education were not.
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Introduction

Gastric cancer (>95% adenocarcinoma) is the third most
common cause of cancer-related death worldwide with
approximately 800,000 deaths yearly [1]. Gastric adenocarcin-
oma can be anatomically subdivided into cardia and non-car-
dia because of differences in etiology, treatment, and
incidence patterns [2,3]. There are also four genomic and
molecular subtypes of gastric adenocarcinoma, i.e.,
Epstein–Barr virus-positive tumors, micro satellite instable
tumors, genomically stable tumors and tumors with chromo-
somal instability, which may respond differently to adjuvant
therapies [4]. The incidence of gastric cardia adenocarcinoma
has increased over the past decades and the main risk fac-
tors are gastroesophageal reflux disease and obesity,
whereas the incidence of gastric non-cardia adenocarcinoma
has steadily decreased with Helicobacter pylori as the main
risk factor [5–9]. Patients are often asymptomatic until the
gastric tumor has become advanced, which contributes to
the poor overall 5-year survival (10–30% in European

countries) [9]. Surgery with total or sub-total gastrectomy is
the main curative treatment for most patients with gastric
adenocarcinoma, and pre-operative or peri-operative chemo-
therapy may be beneficial in patients with resectable but
locally advanced disease [2]. The survival has slightly
improved over the last decades, but the population-based 5-
year postoperative survival is still not higher than 40%
[10,11]. Knowledge about factors that influence survival after
gastrectomy for gastric adenocarcinoma is important for
allowing improvement of treatment strategies. Most studies
examining factors influencing the prognosis after gastrec-
tomy come from non-Western populations, and selection
bias is a threat to the validity of the results of most existing
research because few studies have been population-based
in design.

The main aim of this study was to identify independent
prognostic factors in an unselected cohort of patients who
had undergone gastrectomy for gastric adenocarcinoma in a
Western country. Another aim was to present this new and
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comprehensive cohort in order to promote collabora-
tive research.

Methods

Design

This was the first study from the Swedish Gastric Cancer
Surgery Study (SWEGASS), a nationwide and population-
based cohort of patients who underwent gastrectomy for
gastric adenocarcinoma in Sweden between 1 January 2006
and 31 December 2015. The follow-up for all-cause mortality
lasted until 31 December 2019, and until 31 December 2018
for disease-specific mortality, thus allowing at least 3 years of
follow-up for all patients. The cohort included patients with
gastric cardia cancer of Siewert type III, but not those with
Siewert type I or II tumors. Other histological types of gastric
malignancies than adenocarcinoma were not included
because of differences in treatment and prognosis. Eight
potential prognostic factors were analyzed as exposures and
confounders: sex, age, education, comorbidity, tumor sub-
localization, pathological tumor stage, calendar period, and
pre-operative chemotherapy. The primary outcome was 3-
year all-cause mortality and the secondary outcome was 3-
year disease-specific mortality. Data were retrieved from
medical records and national Swedish health data registries
as described below. The identification of each patient and
the exact linkages of individuals’ data between the data
sources were enabled by the unique personal identity num-
ber of each Swedish resident, a successful system that has
been in use since 1947. We used the STROBE guidelines for
cohort studies when writing our report [12]. The study was
approved by the Regional Ethical Review Board in
Stockholm, Sweden (diary number 2017/141-31/2).

Data collection

Figure 1 gives an overview of the data sources and study
variables used in the study. Potentially eligible patients were
first identified from the Swedish Patient Registry and the
Swedish Cancer Registry as a result of having a diagnosis of
gastric adenocarcinoma in either of these registries (C16 in
the 10th version of the International Classification of
Diagnoses and 1510, 1511, 1518, or 1519 according to the
7th version, and the histology code 096) combined with a
surgical code for resectional surgery in the Swedish Patient
Registry (JCC, JDC, or JDD). The Swedish Cause of Death
Registry provided data on all-cause and disease-specific mor-
tality. The Longitudinal Integration Database for Health
Insurance and Labour Market (LISA) had information about
education. These four national registries are described
in short:

The Swedish Patient Registry became nationwide in 1987
and holds information about all in-hospital healthcare,
including all diagnoses and surgical procedures. A primary
diagnosis is registered at discharge in more than 99% of
patients, and the positive predictive value is 99.6% for resec-
tional surgery of upper gastrointestinal cancer [13,14]. Except

for data on registration of diagnosis of gastric adenocarcin-
oma and gastrectomy, this registry also provided information
about comorbidities included in the Charlson Comorbidity
Index, an index developed to assess comorbidity in research
examining mortality after surgery [15].

The Swedish Cancer Registry was founded in 1958 and
registration by clinicians and pathologists is compulsory for
all newly diagnosed cases of cancer in Sweden. The registry
holds information about the type, site, histology, and date of
the cancer diagnosis. The overall completeness of the record-
ing of gastric cancer is 98% [16], and is probably even higher
for patients who undergo gastrectomy.

The Swedish Cause of Death Registry started in 1952 and
includes information about date of death and causes of
death for Swedish residents, as well as for those who die
abroad. The recording of date of death is 100% complete,
and 96% of all registered deaths have at least one specific
cause of death recorded [17].

The LISA holds data from 1990 onwards and contains
information on years of formal education [18].

The other main data source was medical records, and we
asked for medical records for 4570 patients from all 60 hos-
pitals in Sweden that conducted gastrectomies during the
study period. These records mainly consisted of surgical
charts, pathology reports, discharge summaries, and reports
from multidisciplinary meetings. The final cohort was defined
after review of these medical records, and most clinical varia-
bles came from this review. Data from the medical records
were manually reviewed by four study investigators.
Excluded were patients who were revealed to have been
operated outside of the surgery period (2006–2015) or who
received a final diagnosis other than gastric adenocarcinoma.
The variables to be included in the cohort were defined in a
detailed study protocol and were entered into a database
using Microsoft Access 2010, which counteracted entering
incorrect data. Overall, 98% of the collected medical records
had sufficient information for allowing patient inclusion.
Three versions of the American Joint Committee on Cancer
(AJCC) tumor staging system were used during the study
period (6th edition in 2006–2009, 7th edition in 2010–2016,
and 8th edition from 2017 onwards), but the staging from
the pathology reports was converted to the 8th version for
all patients. The review of the medical records was validated
by comparing the entered data of two of the investigators
for two key variables, i.e., number of lymph node metastases
and T-stage, in 80 randomly selected records. The results
were identical between the reviewers for 99% (158/160) of
evaluated variables.

Statistical analysis

Data on patient characteristics, tumor characteristics, treat-
ment, complications, and mortality were presented as num-
bers and frequencies. Kaplan–Meier’s curves depicted the
overall survival as well as the survival stratified by tumor stage
(0–I, II, III, or IV) and tumor sub-localization (gastric cardia or
non-cardia). Cox regression analysis was used to produce
unadjusted and adjusted hazard ratios (HRs) with 95%
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confidence intervals (CIs) for the eight study exposures in rela-
tion to the outcomes. The eight exposures (with categoriza-
tions) were also included in the multivariable model, except
for the exposure under analysis, in order to reduce confound-
ing and identify independent prognostic factors: sex (male or
female), age (<65, 65–70, or >75 years), education (�9, 10–12,
or �13 years of formal education), comorbidity (0, 1, or �2 in
the Charlson Comorbidity Index, not counting the gastric
adenocarcinoma diagnosis), tumor sub-localization (gastric
cardia or non-cardia), pathological tumor stage (0–I, II, III, or
IV), calendar period (2006–2010 or 2011–2015), and pre-opera-
tive chemotherapy (yes or no). Missing data were handled by
complete case analysis, i.e., by including only patients with
complete data on exposures and outcomes. Multiple imput-
ation was intended to be used for variables with >10% miss-
ing, but the variable with the highest missing rate (tumor
stage) was only 7.1%. An experienced biostatistician con-
ducted the data management and statistical analyses accord-
ing to a detailed and pre-defined study protocol. The analyses
were conducted using the SAS/STAT Statistical Package,
Version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Patients

A flowchart shows the inclusion and exclusion of patients
into and out of the SWEGASS cohort (Figure 2). Among 4570

potentially eligible patients originally identified, 2154
patients had undergone gastrectomy for gastric adenocarcin-
oma during the study period, and these constituted the final
cohort. Table 1 presents patient and tumor characteristics of
the study participants as well as information on treatment
and outcomes. The cohort included more men (57.9%) than
women, and the age group 65–75 years was slightly overre-
presented (36.2%) compared to younger and older patients.
A minority of patients (16.9%) had 13 years or more of for-
mal education, and a majority (57.3%) had at least one
comorbidity included in the Charlson Comorbidity Index. The
dominating tumor sub-localization was gastric non-cardia
(88.5%), and the intestinal subtype according to Laur�en’s
classification was almost equally common as the diffuse type.
A majority of patients received no pre-operative chemother-
apy (71.3%), and sub-total gastrectomy was slightly more
common (52.6%) than total gastrectomy. The resection mar-
gins were free from cancer involvement (R0) in most patients
(81.6%), and pathological tumor stage III was more common
(33.5%) than other stages. Overall, 39.4% of the patients had
at least one pre-defined complication, and of these 51.9%
had a complication of Clavien–Dindo grade I–II.

Absolute mortality rates

The all-cause mortality rates were 2.9% within 30 days, 7.1%
within 90 days, 53.3% within 3 years, and 65.1% within

Figure 1. Data sources and variables for creating a national cohort of patients who had undergone gastrectomy for gastric adenocarcinoma in Sweden (SWEGASS).
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5 years of surgery (Table 1 and Figure 3(A)). The disease-spe-
cific 3-year and 5-year mortality rates were 47.6% and 56.3%,
respectively. The survival curves were similar for tumor sub-
localization (Figure 3(B)), but appeared to be distinctly differ-
ent depending on the tumor stage (Figure 3(C)).

Risk of 3-year all-cause mortality

The risk estimates for the eight study exposures in relation
to all-cause mortality within 3 years of surgery are presented
in Table 2. The adjusted HRs were increased in patients of
older age (HR 1.48, 95% CI 1.24–1.78 for age >75 vs.
<65 years), with comorbidity (HR 1.63, 95% CI 1.39–1.90 for
Charlson comorbidity score �2 vs. 0), and with more
advanced pathological tumor stage (HR 8.72, 95% CI
6.77–11.24 for stage IV vs. stage 0–I), and was decreased in
the more recent calendar period (adjusted HR 0.83, 95% CI
0.73–0.95 for surgery in 2006–2010 vs. 2011–2015). The
adjusted HRs were not influenced by sex (HR 1.01, 95% CI
0.85–1.09 for women vs. men), pre-operative chemotherapy
(HR 0.92, 95% CI 0.78–1.08 for yes vs. no), tumor sub-localiza-
tion (HR 1.01, 95% CI 0.83–1.22 for non-cardia vs. cardia), or
education (HR 0.89, 95% CI 0.74–1.07 for �13 vs. �9 years
of education).

Risk of 3-year disease-specific mortality

As presented in Table 2, the associations between the expos-
ure variables and risk of 3-year disease-specific mortality
were similar to those for all-cause 3-year mortality. Two
exceptions were that age was a possibly weaker risk factor
(adjusted HR 1.34, 95% CI 1.11–1.62 for age >75 vs.
<65 years) and that tumor stage was a seemingly stronger

Figure 2. Flowchart illustrating inclusion and exclusion leading to a cohort of
patients who underwent gastrectomy for gastric adenocarcinoma in 2006–2015
in Sweden (SWEGASS).

Table 1. Patient and tumor characteristics and treatments and outcome in
2154 patients who had undergone gastrectomy for gastric adenocarcinoma
and were included in a national Swedish cohort (SWEGASS).

Variable Number (%)a

Sex
Male 1247 (58)
Female 907 (42)

Age at surgery (years)
<65 622 (29)
65–75 779 (36)
>75 753 (35)

Formal education (years)
�9 889 (41)
10–12 850 (40)
�13 365 (17)

Charlson Comorbidity Index scoreb

0 919 (43)
1 711 (33)
�2 524 (24)

Tumor sub-localization
Gastric cardia 235 (11)
Non-cardia 1907 (89)

Histologic subtype according to Laur�en
Intestinal subtype 711 (33)
Diffuse subtype 733 (34)
Mixed subtype 79 (4)
Indeterminate subtype 10 (1)

Pathological tumor stage
0–I 478 (22)
II 596 (28)
III 721 (34)
IV 206 (10)

Calendar period (years)
2006–2010 1175 (55)
2011–2015 979 (46)

Pre-operative chemotherapy
No 1535 (71)
Yes 601 (28)

Type of surgical resection
Total gastrectomy 947 (44)
Sub-total gastrectomy 1133 (53)

Resection margin
R0 1758 (82)
R1 262 (12)
Unclear 134 (6)

In-hospital complication
No 1305 (61)
Yes 849 (39)
Severity grading
Clavien–Dindo I–II 441 (52)
Clavien–Dindo III 243 (29)
Clavien–Dindo IV 97 (11)
Clavien–Dindo V 68 (8)

Mortality
30-day all-cause mortality 63 (3)
90-day all-cause mortality 153 (7)
3-year all-cause mortality 1149 (53)
5-year all-cause mortalityc 1188 (65)
3-year disease-specific mortality 1025 (48)
5-year disease specific mortalityc 1028 (56)

aWhen percentages in one variable do not add up to 100% it is due to miss-
ing data.
bExcluding the gastric adenocarcinoma.
cAnalysis limited to 1896 patients with at least 5 years of follow-up.
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risk factor (adjusted HR 13.43, 95% CI 9.93–18.17 for stage IV
vs. stage 0–I) for disease-specific mortality.

Discussion

This study presents data from an unselected nationwide
Swedish cohort of patients who had undergone gastrectomy
for gastric adenocarcinoma. Independent risk factors for all-
cause and disease-specific mortality within 3 years of surgery
were advanced tumor stage, comorbidity and older age,
while surgery during a later calendar period was followed by
a decreased risk. Sex, pre-operative chemotherapy, tumor

sub-localization, and education level did not influence the 3-
year mortality after adjustment for the other exposures.

Among strengths of the study is the population-based
cohort design with almost complete (98%) inclusion of
patients who underwent gastrectomy for gastric adenocar-
cinoma in the entire Sweden during a 10-year period, and
the complete follow-up of all patients for at least 3 years
after surgery. This design increased the generalizability of
the study results. The data collection was comprehensive
and combined information from medical records with well-
established national registries. The avoidance of self-reported
data counteracted information and selection bias. Although
the results were adjusted for several confounders, a weak-
ness is the lack of data for some other variables that might
confound the results, e.g., post-operative chemotherapy,
body mass index, tobacco smoking, and alcohol overcon-
sumption. However, these factors were indirectly adjusted for
by adjusting for education (socioeconomic status), which is
associated with all these factors, and the Charlson
Comorbidity Index, which includes diseases associated with
these exposures.

The postoperative complication rates and short- and long-
term mortality rates in the present cohort were in agreement
with those reported in studies from other Western countries
[19,20]. The survival after gastrectomy for gastric adenocar-
cinoma is however generally higher in Eastern than Western
populations [9]. This difference is mainly explained by differ-
ences in tumor stage distribution, although a meta-analysis
of randomized clinical trials found a remaining survival
advantage in Eastern countries after adjustment for some
prognostic factors [21].

The findings that tumor stage, comorbidity, age, and cal-
endar period are prognostic factors after surgery for gastric
adenocarcinoma is supported by previous evidence
[11,22,23]. The suggested differences in strengths of associa-
tions with disease-specific and all-cause mortality for tumor
stage and age were also expected. Possible explanations for
the improved survival during the more recent calendar
period may include stricter selection of patients for surgery
and centralization to fewer hospitals or surgeons. These find-
ings stress the need to carefully consider tumor stage,
comorbidity, and age in the pre-operative assessment of
patients with gastric adenocarcinoma. The results also lend
validity to the SWEGASS cohort.

The negative findings regarding sex, pre-operative chemo-
therapy, tumor sub-localization, and education warrant more
discussion. The lack of survival influence of sex is in conflict
with the results of two registry-based studies that found bet-
ter prognosis in women [24,25]. But is supported by the simi-
lar mortality between the sexes in two other studies [11,26].
Taken together, it seems unlikely that sex is a strong and
independent prognostic factor, and sex should not be con-
sidered in any clinical decision-making.

The crude analysis suggested a survival benefit from pre-
operative chemotherapy, but no improvement remained
after adjustment for other prognostic factors. Two random-
ized clinical trials that have been important for the treatment
regimens in Europe demonstrated a survival benefit with

Figure 3. Kaplan–Meier’s curves illustrating the 3-year survival after gastrec-
tomy for gastric adenocarcinoma in Sweden for all patients (A), stratified by
tumor sub-localization (B), and stratified by tumor stage (C).
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pre-operative chemotherapy. In the MAGIC trial, the 5-year
overall survival was 36% in patients who received chemo-
therapy in addition to surgery and 23% for those who
received surgery alone [19], and in the FNCLCC/FFCD trial,
the corresponding 5-year survival rates were 38% and 24%,
respectively [27]. The difference in results between the pre-
sent study and these trials could be due to unmeasured con-
founding in the present study, and the results of this study
should not lead to any changes in the use of pre-operative
chemotherapy in patients who undergo surgery for gastric
adenocarcinoma. Nevertheless, the population-based design
of this study meant that all patients were included, and not
only those who are selected before being included in
randomized clinical trials. A recent randomized controlled
study showed perioperative treatment with FLOT (fluoroura-
cil, leucovorin, oxaliplatin, and docetaxel) improved survival
compared to the EFC (epirubicin, fluorouracil, and cisplatin)
that was used in the MAGIC study, and FLOT has become
standard regimen for perioperative treatment of gastric can-
cer [28].

The lack of survival difference between patients with car-
dia and non-cardia gastric adenocarcinoma in the current
study does not deviate much from previous research.
Although some studies have found worse survival after sur-
gery for gastric cardia adenocarcinoma compared to gastric
non-cardia adenocarcinoma, the survival rates were similar
when analyzed by tumor stage [29–31].

Longer education was associated with lower mortality in
the unadjusted model of this study, but this association did
not remain after adjustment for prognostic factors [32,33]. To
our knowledge, no other study has investigated the associ-
ation between education and survival after surgery for gas-
tric adenocarcinoma. However, a Swedish cohort study found
a reduced overall risk of mortality in gastric adenocarcinoma
in patients with higher education level [34], while no such
association was found in a Japanese cohort study [35]. A
study examining patients who had undergone surgery for
esophageal cancer found no decreased risk of mortality with
higher education after adjustment for confounders [36].
Older patients generally have shorter education than
younger patients [35], and patients with shorter education
might be less health conscious, present with more advanced
tumor stage and have lower adherence to treatment recom-
mendations [37]. Thus, the adjustment for age, tumor stage
and pre-operative chemotherapy may have eliminated asso-
ciations between higher education and survival after surgery
for gastric adenocarcinoma. Taken together, education level
should not influence clinical decision-making.

This study provides some valuable information in a group
of patients that has not been extensively investigated before.
The population-based design in an entire Western country,
with detailed information from an unselected cohort of
patients operated for gastric adenocarcinoma and without
losses to follow-up adds essential knowledge about the

Table 2. Hazard ratios (HRs) with 95% confidence intervals (CIs) of 3-year mortality in patients who had undergone gastrectomy for gastric adenocarcinoma
and were included in a National Swedish Cohort (SWEGASS).

Variable
3-year all-cause mortality 3-year disease-specific mortality

Unadjusted HR (95% CI) Adjusted HR (95% CI)a Unadjusted HR (95% CI) Adjusted HR (95% CI)a

Sex
Male 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Female 0.96 (0.85–1.09) 1.01 (0.89–1.14) 1.01 (0.89–1.15) 1.04 (0.91–1.19)

Age at surgery (years)
<65 1 (reference) 1 (reference) 1 (reference) 1 (reference)
65–75 1.26 (1.08–1.48) 1.23 (1.05–1.45) 1.22 (1.03–1.43) 1.21 (1.02–1.43)
>75 1.58 (1.35–1.85) 1.48 (1.24–1.78) 1.38 (1.17–1.62) 1.34 (1.11–1.62)

Formal education (years)
�9 year 1 (reference) 1 (reference) 1 (reference) 1 (reference)
10–12 years 0.91 (0.79–1.03) 0.96 (0.84–1.10) 0.93 (0.80–1.1) 0.95 (0.83–1.10)
�13 years 0.77 (0.64–0.92) 0.89 (0.74–1.07) 0.81 (0.67–0.98) 0.90 (0.74–1.09)

Charlson Comorbidity Index scoreb

0 1 (reference) 1 (reference) 1 (reference) 1 (reference)
1 1.25 (1.08–1.45) 1.15 (0.99–1.33) 1.22 (1.05–1.42) 1.12 (0.96–1.31)
�2 1.92 (1.66–2.24) 1.63 (1.39–1.90) 1.81 (1.54–2.12) 1.56 (1.32–1.84)

Tumor sub-localization
Gastric cardia 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Non-cardia 1.09 (0.90–1.32) 1.01 (0.83–1.22) 1.06 (0.87–1.30) 0.96 (0.78–1.18)

Pathological tumor stage
0–I 1 (reference) 1 (reference) 1 (reference) 1 (reference)
II 2.20 (1.73–2.79) 2.04 (1.61–2.59) 3.12 (2.34–4.18) 2.95 (2.20–3.95)
III 5.94 (4.78–7.39) 5.84 (4.69–7.26) 9.14 (6.97–11.98) 9.05 (6.90–11.87)
IV 9.04 (7.03–11.63) 8.72 (6.77–11.24) 13.98 (10.35–18.88) 13.43 (9.93–18.17)

Calendar period
2006–2010 1 (reference) 1 (reference) 1 (reference) 1 (reference)
2011–2015 0.86 (0.76–0.98) 0.83 (0.73–0.95) 0.86 (0.76–0.98) 0.83 (0.72–0.95)

Pre-operative chemotherapy
No 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 0.72 (0.62–0.82) 0.92 (0.78–1.08) 0.79 (0.68–0.92) 0.98 (0.83–1.15)

aAdjusted for: sex (male or female), age (<65, 65–70, or >75), calendar period (2006–2010 or 2011–2015), Charlson comorbidity score (0, 1, or �2), tumor sub-
localization (gastric cardia or non-cardia), pre-operative chemotherapy (no or yes), tumor stage (0–I, II, III, or IV), and education (�9 years, 10–12 years,
or �13 years).
bExcluding the gastric adenocarcinoma.
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major prognostic factors. This knowledge can be used for
evidence-based clinical decision-making and for the develop-
ment of prognostic prediction models. Additionally, the
SWEGASS cohort offers possibilities for further studies on
various prognostic factors and for collaborations with other
researchers and clinicians in the field.

In conclusion, this population-based cohort study from a
Western country showed that the survival after surgery for
gastric adenocarcinoma needs to be further improved. The
main independent prognostic factors were tumor stage,
comorbidity, age, and calendar period, and these should be
considered in the pre-operative assessment of patients. In
contrast, sex, pre-operative chemotherapy, tumor sub-local-
ization, and education level were not independent prognos-
tic factors and should therefore not influence clinical
decision-making. There is a need for more research on prog-
nostic factors in Western populations in order to identify
strategies for improving the survival in gastric adenocarcin-
oma, and SWEGASS may provide opportunities for
such studies.
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