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ABSTRACT

Purpose The Finnish National Esophago-Gastric

Cancer Cohort (FINEGO) was established with the aim

of identifying factors that could contribute to improved
outcomes in oesophago-gastric cancer. The aim of this
study is to describe the patients with gastric cancer
included in FINEGO.

Participants A total of 10457 patients with gastric cancer
or tumour diagnosis in the Finnish Cancer Registry or the
Finnish Patient Registry during 1987—-2016 were included
in the cohort, with follow-up from Causes of Death
Registry until 31 December 2016. All of the participants
were at least 18 years of age, and had undergone either
resectional or endoscopic mucosal surgery with curative or
palliative intent.

Findings to date Of the 10457 patients, 90.1% were
identified to have cancer in both cancer and patient
registries. In all, the median age was 70 at the time of
surgery, 54.5% of the patients were men and 64.4% had
no comorbidities. Education data were available for 31.1%
of the patients, of whom the majority had had <12 years
of formal education. Of the 7798 with cancer staging data
available, 41.1% had a local cancer. Adenocarcinoma

was the most common (94.2%) histological type.

Almost all patients underwent open gastrectomy and
214% in hospitals with annual volume of more than 30
gastrectomies per year. A total of 8561 deaths occurred
during the study period, of which 6474 were due to
oesophago-gastric cancers. The 5-year survival was
34.6% and 5-year cancer-specific survival was 39.7%.
Future plans The data in FINEGO can be currently used
for registry-based research but is being expanded by

data extraction from patient records and scanning of
histological samples from the Finnish biobanks. Initially, we
are planning on studies on the national trends in treatment
and mortality, and studies on the demographic factors and
their influence on survival.

INTRODUCTION

Gastric cancer is the third leading cause of
cancer death worldwide." Gastric cancer inci-
dence is slowly decreasing,” also in Finland

Strengths and limitations of this study

» The main strength of the study is the population-
based design with complete and accurate ascertain-
ment of all patients diagnosed with gastric cancer in
Finland, counteracting selection bias.

» The follow-up of participants is complete.

» The main limitations are the exclusion of patients
not undergoing surgery and registry information lag
of up to 2years.

» Some registry-based variables, such as laparoscop-
ic surgery or neoadjuvant therapy are of question-
able quality and should be interpreted cautiously
before validation studies.

» The dataset will be complemented with patient re-
cords and histological slides collection to allow a
wide variety of research questions.

(figure 1),? but the incident cancers are often
diagnosed at a late stage." The dominant
histological type is adenocarcinoma, and only
less than 5% of all gastric cancers represent
other histological types.” The standard treat-
ment of gastric cancer is surgery, in certain
stages accompanied by neoadjuvant or
perioperative therapy.* ® Even after curative
surgery, gastric cancers have poor survival.* !
However, there are many unclear topics
and gaps of knowledge in the treatment of
gastric cancer, such as whether high hospital
or surgeon volumes, or oncological treatment
improve gastric cancer survival,® whether
certain anastomotic techniques are associ-
ated with less postoperative complications,” '’
and whether Siewert II gastric cardia cancer
should be resected by oesophagectomy or
gastrectomy,'’ to name a few. The population-
based nationwide cohort would be the ideal
study design to evaluate these questions,'
as randomised controls would be either
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Figure 1 The number of incident gastric cancers and gastric
cancer deaths, according to the Finnish Cancer Registry.®

unfeasible, or would need to include a very large amount
of patients.

The Finnish registry data are known to be of high
quality with high completeness."”” To facilitate surgical
research with appropriate in-depth clinical variables, we
started a national collaborative with the aim to create a
population-based cohort on gastric cancer in Finland with
extensive data collection from the nationwide registries
and patient records. The collaborative and the cohort was
named The Finnish National Esophago-Gastric Cancer
Cohort (FINEGO)."

In this cohort profile, we describe the registry data on
10457 patients with gastric cancer included in FINEGO.
Patients with oesophageal cancer are described in a sepa-
rate study.

COHORT DESCRIPTION

FINEGO is a population-based, nationwide, retrospective
cohort study of all surgically treated patients with oesoph-
ageal and gastric cancer in Finland since 1987. Senior
surgeons, oncologists, pathologists and statisticians are
involved in the collaborative group, representing the
six Finnish hospitals and the related universities actively
participating in surgical treatment and research of
oesophago-gastric cancer.

The inclusion criteria of the study were:

» Age atleast 18 years at the time of cancer diagnosis.

» Primary cancer of epithelial origin in the oesophagus,
cardia or stomach.

» Surgical treatment given for cancer, including all
types of surgery or endoscopic resection.

However, as there is a possibility of misclassification in
the registries, the data collection was somewhat broader.
All cancers of any origin were included during the registry
data collection to avoid excluding misclassified patients.
Furthermore, patients with unclear tumour diagnoses
undergoing surgical resection were also included to
reduce selection bias. All patients without surgical treat-
ment were excluded from the cohort.

For this manuscript, only gastric cancers are included.

Data sources

The data were collected from the Finnish Cancer
Registry, Finnish Patient Registry and Statistics Finland.
The immutable, 11-digit personal identification number
assigned to each resident in the country was used to
combine the registry data.'” Personal identity number
contains information on date of birth and sex, and was
used to derive age information.

The Finnish Cancer Registry provided data on inci-
dent cancers, including topography or cancer loca-
tion, histology, cancer stage (local, locally advanced,
advanced), and whether chemotherapy, radiotherapy or
surgical treatment was given.

The Finnish Patient Registry has data on admission and
discharge dates, operations codes, diagnosis codes and
the hospital or healthcare unit identification number
where these codes were assigned. These data were used to
identify incident cancers and patients receiving surgical
treatment, as well as for calculating comorbidities and
annual hospital volume of gastric cancer surgery. Comor-
bidities were defined using the well-validated Charlson
Comorbidity Index (CCI) not including gastric cancer, by
retrieving diagnoses before index admission for surgery."®
Neoadjuvant therapy codes were used to find patients
undergoing neoadjuvant or perioperative treatment. The
annual hospital volume was assessed by calculating the
number of gastrectomies for the study patients during the
year of surgery in the hospital the patient was operated in.

Statistics Finland provided data on the dates and causes
of death, which are 100% and >99% complete, respec-
tively. Education registry had information on education
starting from year 1970 and it was used for obtaining the
highest education grade of the patients.

Incident cancers were identified from cancer registry
records and patient registry, using the relevant topo-
graphic in the cancer registry, and International Clas-
sification of Diseases9 (ICD-9) and ICD-10 codes in
the patient registry.'* The patient had to have cancer
diagnosis in either of the registries, to ensure complete
identification. Surgical codes concerning gastrectomy or
endoscopic mucosal surgery were then searched in the
Patient Registry to identify patients undergoing surgical
treatment.'*

Statistics

The demographic factors were tabulated and Kaplan-
Meier curves were calculated according to the life
table method.'” The endpoints were all-cause mortality
and cancersspecific mortality, defined as mortality for
oesophago-gastric cancers to reduce misclassification bias,
which is common especially for gastric cardia cancer.'®

Patient and public involvement

Patients or public were not involved in the development
of the research question and study design or conducting
the present study.
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Figure 2 Number of surgically treated patients with gastric
cancer per 100000 population between 1987 and 2016.

FINDINGS TO DATE

A total of 10457 patients were surgically treated for gastric
cancer in Finland during years 1987-2016. This is almost
40% more than the initial estimate of 7500 patients.14
As seen in figure 2, majority of the patients were oper-
ated during the first half of the study period, beginning
with almost 12 operated patients with gastric cancer per
100000 population in 1987 and linearly declining to less
than 2/100000 population in the whole country in 2016.
According to the official statistics, also the number of
incident gastric cancer cases and deaths decreased during
the study period (figure 1).?

The vast majority of patients (90.1%) were identified
to have cancer in both patient and cancer registry, while
7.4% had cancer or unclear tumour diagnosis in the
patient registry only, and 2.5% had cancer diagnosis in
the cancer registry only (table 1).

Table 2 summarises the demographic variables of the
patients. The median age at the time of operation during
the whole study period was 70.0 years, and remained quite
constant over time (figure 3). The proportion of men was
54.5% (n=5695). Education data were lacking in 68.9%
(7,207) of the patients, and of those with data available,
the majority had less than 12 years of formal education.

Table 1 Identification of the patients with gastric cancer by
source registry
Patients’
number (%)
Total 10457 (100)
Cancer diagnosis in both hospital discharge 9421 (90.1)
registry and cancer registry
Cancer diagnosis in only hospital discharge 699 (6.7)
registry
Cancer diagnosis in only cancer registry 265 (2.5)
Unclear tumour diagnosis and surgery code 72 (0.7)

in hospital discharge registry

Table 2 Demographics of the surgically treated patients
with gastric cancer in Finland 1987-2016

Patients’
number (%)
Total 10457 (100)
Age at surgery (years)
<50 1017 (9.7)
51-60 1605 (15.3)
61-70 2856 (27.3)
71-80 3479 (33.3)
>80 1500 (14.3)
Sex
Male 5695 (54.5)
Female 4762 (45.5)
Education (years)
<12 1960 (18.7)
13-15 994 (9.5)
>15 296 (2.8)
Missing 7207 (68.9)
Charlson Comorbidity Index
0 6731 (64.4)
1 2408 (23.0)
2 892 (8.5)
3 287 (2.7)
>4 139 (1.3)
Stage
Local 3208 (30.7)
Locally advanced 2146 (20.5)
Advanced 2444 (23.4)
Unclear 1995 (18.3)
Missing 744 (7.1)
Histology
Adenocarcinoma 9154 (87.6)
Other 559 (5.3)
Missing 744 (7.1)

Most of the patients had CCI of 0 at the time of operation
(n=6731, 64.6%), while 2408 (23.0%) had CCI of 1 and
1318 (12.6%) had CCI of 2 or more.

Cancer staging was available for 7798 (74.6%) patients.
Of these 7798 patients, 41.1% had local cancer, 27.5% had
locally advanced cancer and 31.3% had advanced cancer
according to the cancer registry. Histology was available
for 9713 patients, of whom the majority had adenocar-
cinoma (94.2%). More accurate definition of histomor-
phology was not reliably possible using registry data.

The details on treatment are summarised in table 3.
The absolute majority underwent gastrectomy (n=10140,
97.0%),including total and partial gastrectomies, followed
by oesophagectomy, combined oesophagogastrectomy,
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Figure 3 The median age at surgery and median annual
volume of gastrectomies over time in Finland.

Table 3 Treatment details of the patients with gastric

cancer included in FINEGO

Patients’
number (%)

Total 10457 (100)
Surgery type

Gastrectomy 10140 (97.0)

Oesophagectomy 145 (1.4)

Oesophagogastrectomy 98 (0.9)

EMR or ESD 74 (0.7)
Surgical approach

Open 10270 (98.2)

Minimally invasive 113 (1.1)

Not applicable 74 (0.7)
Neoadjuvant or perioperative treatment

None 9248 (88.4)

Chemotherapy 984 (9.4)

Radiotherapy 55 (0.5)

Chemoradiotherapy 170 (1.6)
Hospital volume of gastrectomy

1-10 per year 2602 (24.9)

11-20 per year 3428 (32.8)

21-30 per year 1963 (18.8)

31-81 per year 2236 (21.4)

Not applicable or available 228 (2.2)

EMR, endoscopic mucosal resection; ESD, endoscopic
submucosal dissection; FINEGO, Finnish National Esophago-

Gastric Cancer Cohort.

0.8

0.6

Survival

04

0.2

0.0

Years

Figure 4 Kaplan-Meier curve depicting 10-year all-cause
mortality in the surgically treated patients with gastric cancer.

and endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD), respectively. Minimally
invasive (laparoscopic) approach was used in only 113
patients. Neoadjuvant or perioperative treatment was
given to 1209 (11.6%) patients, with chemotherapy alone
being the most common modality. The use of neoadju-
vant or perioperative treatment increased from 8.3% in
1987-2006 to 24.6% in 2007-2016.

Median annual hospital volume only decreased over
time from over 20 gastrectomies per year to around 15
gastrectomies per year during the study period (figure 3),
despite the strong decrease in the total number of
gastrectomies in the country (figure 2). Of all patients,
2602 (24.9%) were operated in hospitals performing
1-10 gastrectomies per year, and 2236 (21.4%) in hospi-
tals performing 31-81 gastrectomies per year (table 3).

There were 8561 deaths during the study period,
of which 6474 were due to oesophago-gastric cancer
according to the causes of death registry. Of the 10457
patients, 67.9% were alive at 1 year after surgery, 43.3
were alive at 3 years after surgery, 34.6% were alive at 5
years after surgery and 24.1% at 10 years after surgery
(figure 4). For cancerspecific survival, the respective
figures were 69.7% at 1 year after surgery, 46.8 at 3 years
after surgery, 39.7% were alive at 5 years after surgery and
34.5% at 10 years after surgery (figure 5).

Future plans
In its present form, the FINEGO cohort can be used
for conducting epidemiological research including the
above registry-based variables. The future studies using
this data include a study on the trends of gastric cancer
over time in Finland, as well as examining the influence
of age, sex and comorbidities on the mortality of patients
with gastric cancer. Annual hospital volume in relation to
short-term and long-term mortality will also be assessed.
As the registry data are to be combined with the data
currently being extracted from the individual patient
records collected from all hospitals in Finland, we plan
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Figure 5 Kaplan-Meier curve depicting 10-year cancer-
specific mortality in the patients with gastric cancer.

to validate the data reported by the registries against
patient records. At the time of writing, approximately half
of the records of patients with gastric cancer have been
identified or collected, the minority of which have been
declared as destroyed. The assessment of patient records
for clinical variables will allow accurate estimation of
the proportion missing records in the future. The vari-
ables extracted from the patient records are presented
in online supplemental file 1. Furthermore, misclassi-
fication of cardia cancer diagnosis in the registries will
be examined in relation to oesophagogastroscopy find-
ings. After completion of clinical data retrieval from the
patient records and pathology, we are planning a number
of studies to assess postoperative complications and
surgical factors such as anastomotic technique in relation
to complications, as well as validation of previously iden-
tified histological risk factors of long-term gastric cancer
mortality.'"*! The collection and evaluation of biobank
samples for histological diagnoses is also gaining speed.
The first update and extension of the cohort with 5 more
years of registry data and consequent patient records and
samples is planned for year 2022.

STRENGTHS AND LIMITATIONS

This cohort profile describes the 10457 patients with
gastric cancer included in initial period 1987-2016 of
the nationwide, population-based retrospective FINEGO
Study.

There are multiple strengths to the FINEGO cohort.
The large size of the cohort will make it one of the largest
gastric cancer studies with patient records data and histo-
logical samples. Its population-based nationwide design
together with patient identification from two separate,
highly complete nationwide registries eliminates selection
bias, and the planned collection and re-review of patient
records and histological slides will be done to eliminate
misclassification between gastric and oesophageal cancer.
For mortality outcomes, the follow-up data are known to

be 100% complete. Compared with the existing cohorts
of gastric cancer, the majority of which are hospital-based
multicentre cohorts originating from high-volume insti-
tutions, the present cohort adds real-life data from unse-
lected patients operated at unselected institutions.

Possible limitations include the exclusion of non-
operated patients with cancer. The data collection of
non-operated patients was deemed unfeasible by the
consortium due to their large number and the compli-
cated application process for study permissions from each
of the more than 200 primary care facilities separately.
The retrospective design allows the collection of large
surgical dataset, but might potentially limit data quality,
especially on variables that have not been routinely
reported, such as smoking, alcohol use, the number of
lymph nodes collected or postoperative complications.
Furthermore, the long time span of the study might be a
limitation in some studies evaluating treatment effects on
survival due to changes in patterns of treatment over time.
Missing patient data due to missing or destroyed records
might limit some analyses, but the high-quality registry
data allow non-participation analysis along with the use
of multiple imputation methods to overcome these issues.

The present cohort was formed using cancer diagnoses
in both cancer and patient registry. Most of the patients
were identified in both registries, while less than 10% of
the patients were not. It is plausible that some patients
were not reported to the cancer registry, as the reporting
is required by law but still on the clinicians’ responsibility.
For those that had no cancer diagnosis in the patient
registry but still had cancer reported to the cancer
registry, the reasons might be more complicated as the
discharge diagnoses are required to discharge a patient
and forwarded automatically to the registry. It might be
that these patients had an unclear tumour at the time
of operation and the cancer was reported to the cancer
registry at the time of histological confirmation, but the
diagnosis was not updated in the patient records at any
time. In the future, the reasons for missing diagnoses
are to be examined in detail after the completion of the
collection of patient records.

The median age at surgery for the patients with gastric
cancer in the present study was quite constantly at 70
years, which is 3years lower compared with surgically
treated patients in a recent Swedish population-based
study.” The male predominance (54.5%) observed in this
study was somewhat less prominent than in the Swedish
study, where 58% of the gastric non-cardia adenocarci-
noma and 76% of cardia carcinoma were men,7 as well
as in a population-based study from the Netherlands
where 61% were men.”” The patients had less comor-
bidity (64.4% had no comorbidities) in the present study,
compared with the population-based Swedish (58%-—
65%)” and Dutch studies (20%—41%).? Taken together,
the demographics of the gastric cancers in FINEGO are
highly similar to other population-based studies in gastric
cancer. Education data were missing for the majority due
to the introduction of education registry in 1970, when
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the majority of the patients had already obtained their
highest education.

According to the data provided by the cancer registry,
the majority had local cancer, but also more than 30%
had advanced cancer. Reflecting on the relatively good
5-year survival of 35% and taking into account the long
study period it would be plausible that at least some
of these patients might have had only local or locally
advanced cancer at the time of the operation. It might
be that such cancer might have been reported to the
cancer registry not by the surgeon at operation, but
only at the time of the recurrence by the oncologist,
whereby a more advanced stage would have been regis-
tered. Histology was adenocarcinoma in the majority
of the patients with histology data available (94%),
as expected. Dividing the patients into intestinal and
diffuse-type cancers was not possible with the available
data, as the majority of the patients had a histomor-
phology code of adenocarcinoma not otherwise spec-
ified. We aim to validate the cancer registry staging
data against the patient records collected from each
individual to establish a view on the accuracy of cancer
staging information after finishing the patient records
and pathology data collection.

The majority of the patients underwent gastrectomy
while oesophagectomy and combined oesophagogas-
trectomy were probably more frequently used in cardia
cancer. There were only 113 laparoscopic resections
in the cohort, compared with more than 10000 open
procedures. Gastric cancer is rarely diagnosed at early
stage in Finland, and it was only recently shown that
laparoscopic gastrectomy has oncologically comparable
results to open resection in locally advanced cancer.” **
The low number may also reflect the fact that no sepa-
rate code exists for laparoscopic total gastrectomy in the
NOMESCO-classification, which might result in a notable
underestimation of laparoscopic procedures for gastric
cancer. However, total gastrectomies may still be coded
under ‘other laparoscopic gastrectomy’. The use of EMR
and ESD was also low, but these emerging treatments
for earlystage or intramucosal cancers only suitable
for a minority of the patients are more and more used.
Neoadjuvant and perioperative treatments became more
common in Finland during the last 10 years of the study
period, after the publication of several landmark trials.®*
In the total cohort, 12% of the patients underwent neoad-
juvant or perioperative therapy, which mostly was given
as chemotherapy, with increase over time. As Finnish
Cancer Registry relies on passive recording (clinician
notifications) on oncological treatments, it is possible
that some or even a majority of oncological treatments
have not been recorded, resulting in a probable under-
estimation of oncological treatments. Due to registration
of neoadjuvant treatment, there was no way to examine
the use of human epidermal growth factor receptor 2
(HER-2)-related treatment using registry data. However,
this is possible after finishing the data collection from the
patient records.

During the study period, gastric cancer resections have
been heavily centralised by governmental efforts. There
were a total of 68 institutions that conducted gastrecto-
mies during the study period, while in 2015 there were
only 19 institutions. Due to the rapidly decreasing inci-
dence of gastric cancer, the median annual hospital
volume of gastrectomies has also decreased from 1987 to
2016. Low-centre volumes and gastric cancer becoming a
relatively rare cancer might at least partly explain the slow
adoption of minimally invasive gastrectomies in clinical
practice.

The 5-year survival in the surgically treated patients with
gastric cancer (34.6%) reflects that of the Swedish study
(21%-44% in different 5-year periods),” and is in fact
much better than survival of the operated patients with
stage I-IIT non-cardia gastric adenocarcinoma (15%—-29%
in the different time periods) in the Dutch study.** This
observation further supports the hypothesis that there
might be some overestimation of cancer stage for gastric
cancer in the Finnish Cancer Registry.

Taken together, this population-based, nationwide
retrospective cohort study will provide new evidence
regarding various unanswered questions in oesophageal
and gastric cancer surgery by combining epidemiolog-
ical and clinical data, as well as complement randomised
clinical trials by assessing their findings in an unselected
population.

COLLABORATION

All data from FINEGO presented in this article are stored
by the research group on safe servers at University of
Oulu, Finland, and handled confidentially. Currently,
only the research team has access to the data. Data access
to collaborators can be granted given that relevant govern-
ment and health officials approve the collaborative study.
Researchers interested in collaboration, for example
joint efforts combining the dataset with other population-
based studies, are welcome to contact Joonas Kauppila (
joonas.kauppila@oulu.fi), principal investigator.
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