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Introduction

Esophageal carcinoma is the sixth most common cause of
cancer death in the World [1], with 10% five-year survival [2].
The data in Finnish Cancer Register (FCR) [3] and Finnish
Hospital Discharge Registry (HILMO) have been estimated to
be of good quality [4]. The national incidence of cancer and
cancer mortality are estimated based on FCR, and both FCR
and HILMO are used in research. The national registries in
the Nordic countries are very similar with high specificity and
completeness [5]. A Swedish study showed that the Swedish
cancer registry is 98.3% complete for esophageal cancer
diagnosis [6].

Distal esophageal and gastric cardia cancers are often mis-
classified due to difficulties in defining the exact location
anatomically, radiologically, and endoscopically, as well as
due to changing and overlapping definitions [6,7]. However,
no studies have assessed the potential misclassification and
completeness of esophageal

or HILMO.
The aim of this study was to explore the potential mis-

classification and evaluate the completeness of esophageal
cancer diagnoses in the FCR and HILMO, considering
misclassification.

cancer specifically in FCR

Methods
Study design

The present study was a population-based, nationwide, retro-
spective cohort study of all esophageal cancer patients in
Finland in 1990-2014. All patients who had esophageal can-
cer in FCR or HILMO were included. Mortality was evaluated
using Death Registry. Registry data were combined using the
immutable 11-digit personal identification number assigned
to all residents in Finland.

Data sources

All healthcare units in Finland have a statutory obligation to
enter data into the national registries making them highly
comprehensive.

The ‘Finnish Cancer Registry’ covers all incident cancers in
whole population of Finland since the 1953 [3]. The data on
cancer diagnoses and given treatment are reported to the
FCR by clinicians i.e., general practitioners, surgeons and
oncologists (clinical notifications), as well as by laboratories,
i.e, pathologists (laboratory notifications) on paper or more
recently, using electronical submission forms. FCR provided
information on cancer, including date of cancer, and the top-
ography (location) of the cancer.

The ‘Finnish Patient Registry’, held by the Finnish Institute
of Health and Welfare, provided information on the dis-
charge dates, diagnosis codes in the final discharge notes
and operation codes assigned for each patient during their
admission [4]. The reporting to HILMO is done by the hos-
pital administration after a discharge of a patient.

‘Statistics Finland’ provided data on the dates and causes
of death of the patients. In addition to the main cause of
death, underlying and secondary causes of death are
reported to the death registry by clinicians writing death cer-
tificates with an accurate description of the patient’s illness
leading to death or by pathologists or forensic physicians
conducting autopsies. All death certificates in Finland are
manually checked and validated by forensic physicians
employed by the government [8]. As esophageal cancers are
of high mortality, the reporting to death registry is inde-
pendent from the other registries used in this study and indi-
vidually validated, death data was used to estimate the
specificity of esophageal cancer diagnosis.

Patient identification

FCR and HILMO were used to identify patients with cancer of
the esophagus (150.0-150.9 in the International Classification
of Diseases (ICD)-8 and ICD-9, and C15 in the ICD-10).
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The year of diagnosis was based on the first occurrence of
cancer diagnosis in either FCR or HILMO. Surgical treatment
status was defined based on operations codes for esophagec-
tomy, gastrectomy or endoscopic mucosal surgery [9].

Ethical approval

The study has been approved by ethical committee in
Northern Ostrobothnia (EETMK 115/2016) and governmental
agencies [9]. Individual consent from patients is not required
in Nordic registry research.

Data analysis

The data was retrieved from the registries from 1984 until
2016. To reliably identify the earliest cancer incidence date
for each patient, all patients with first esophageal or gastric
cancer diagnosis prior to 1 January 1989 were excluded.
Due to potential time lag in reporting, the two most recent
years were excluded, resulting in a 25-year study period
of 1990-2014. Death data were available until 31
December 2016.

Three subpopulations were derived from the total cohort:
(1) those present only in FCR (with exclusion of esophageal
cancer diagnosed in only autopsy), (2) those present only in
HILMO and (3) those present in both FCR and HILMO. The
proportions of patients in the three groups were calculated
in total, and stratified by sex, age, calendar period, surgical
treatment, causes of death and esophageal and gastric can-
cer records in HILMO and FCR. Survival analysis was con-
ducted with life table method [10] and plotted using Kaplan-
Meier curves.

Completeness of the FCR and HILMO registries were
assessed by calculating the proportion of total patients with
esophageal cancer captured by FCR or HILMO. Due to previ-
ously described misclassification between esophageal and
gastric cancer diagnoses, the gastric cancer diagnoses for
those missing in either FCR or HILMO were included as cap-
tured cancer cases.

Results
Patients

After the exclusion of 188 patients diagnosed only by aut-
opsy, there were a total 7,431 patients with esophageal can-
cer reported in either registry. In total, 5601 (74.6%) of the
7,431 patients had esophageal cancer diagnosis in both FCR
and HILMO (concordant cases), while 203 (2.7%) of the
patients were reported to only FCR and 1,627 (21.9%) to
only HILMO (Table 1).

Of the total cohort, 4,771 were male, the median age for
diagnosis was 69y. The highest number of patients (1,884,
25.4%) were observed during period 2010-2014. Operative
treatment was given to 1,843 (24.8%) patients. No striking
differences in reporting to the registries were observed
between age groups, sexes or operative treatment. There
was a considerable decrease in the proportion of cases

Table 1. Number of patients by time periods by registries reporting can-
cer diagnosis.

HILMO Both FCR
FCR only only and HILMO Total

Variable n (%) n (%) n (%) n (%)
Total 203 (100) 1,627 (100) 5,601 (100) 7,431 (100)
Time period

1990-1994 62 (30.5) 184 (11.3) 938 (16.7) 1,184 (15.9)

1995-1999 50 (24.6) 235 (14.4) 988 (17.6) 1,273 (17.1)

2000-2004 24 (11.8) 329 (20.2) 1,086 (19.4) 1,439 (19.4)

2005-2009 25 (12.3) 425 (26.1) 1,201 (21.4) 1,651 (22.2)

2010-2014 42 (20.7) 454 (27.9) 1,388 (24.8) 1,884 (25.4)
Vital status

Alive 7 (3.4) 264 (16.2) 360 (6.4) 631 (8.5)

Dead 196 (96.6) 1,363 (83.8) 5,241 (93.6) 6,800 (91.5)
Cause of death*

Esophageal cancer 130 (66.3) 285 (20.9) 4,940 (94.2) 5,355 (78.8)

Gastric cancer 23 (11.7) 606 (44.5) 70 (1.3) 699 (10.3)

Other 43 (21.9) 472 (34.6) 231 (4.4) 746 (11.0)

FCR: Finnish Cancer Registry; HILMO: Hospital Discharge Registry.
*Calculated as the percentage of those who died during follow-up.

Table 2. The number of admissions for esophageal cancer and gastric cancer
in Hospital Discharge HILMO and gastric diagnoses in the FCR in esophageal
cancer patients.

HILMO Both FCR
FCR only only and HILMO Total

Variable n (%) n (%) n (%) n (%)
Total 203 (100) 1,627 (100) 5,601 (100) 7,431 (100)
Number of esophageal cancer admissions in HILMO

0 203 (100) - - 203 (2.7)

1 - 646 (39.7) 483 (8.6) 1,129 (15.2)

2 or more - 981 (60.3) 5,118 (91.4) 6,099 (82.1)
Number of gastric cancer admissions in HILMO

0 168 (82.8) 849 (52.1) 5,190 (92.7) 6,207 (83.5)

1 5(2.5) 85 (5.2) 181 (3.2) 271 (3.6)
2 or more 30 (14.8) 693 (42.6) 230 (4.1) 953 (12.8)
Gastric cancer diagnosis in FCR

No 201 (99.0) 612 (37.6) 5581 (99.6) 6,394 (86.0)

Yes 2 (1.0 1,015 (62.4) 20 (0.4) 1,037 (14.0)

FCR: Finnish Cancer Registry; HILMO: Hospital Discharge Registry.

reported to both FCR and HILMO over time from 79.2% in
1990-1994 to 73.7% in 2010-2014 (Table 1) due to decrease
in reporting to FCR. Of all the patients, 6,800 (91.5%) died
until the end of 2016 and 6,441 (86.7%) of them during five-
year follow-up.

Patients reported only in FCR and not in HILMO

Of those 203 patients who had esophageal cancer reported
only in FCR (Table 1), 130 (64.0%) died of esophageal cancer
and seven (3.4%) were alive. No gastric cancer diagnosis was
recorded in HILMO for 168 (82.8%, Table 2), suggesting high
validity of the esophageal cancer diagnosis.

Patients reported only in HILMO and not in FCR

For those 1,627 patients who had esophageal cancer diagno-
sis only in HILMO (Table 1), 285 (17.5%) died of esophageal
cancer and 606 (37.2%) died of gastric cancer. Admissions for
gastric cancers were recorded in 778 (47.9%) patients. Gastric
cancer was recorded in the FCR for 1,015 (62.4%) of the
patients (Table 2), suggesting misclassification.



The admissions for esophageal and gastric cancer were
further explored post hoc (Supplementary Table 1). Those
that had two or more admissions for esophageal cancer died
often of gastric cancer and had a record of gastric cancer in
FCR, while those with only one esophageal cancer admission
often died of other reasons than esophageal or gastric can-
cers and had less often a diagnosis of gastric cancer in FCR.

Patients reported to both FCR and HILMO

Of the 5,601 patients reported to both FCR and HILMO
(Table 1), 4,940 (88.2%) had died of esophageal cancer and
only 360 (6.4%) were still alive. The majority (91.4%) had
multiple esophageal cancer admissions and none for gastric
cancer (92.7%, Table 2), suggesting high validity of esopha-
geal cancer diagnosis for these patients.

Mortality

For all-cause five-year mortality (Figure 1) those who were
reported to only HILMO had the lowest mortality, and those
who were reported to only FCR had the highest. For esopha-
geal cancer-specific mortality (Supplementary Figure 1), the
mortality was clearly lower for those who were reported to
HILMO only, compared to those reported to the FCR.

Estimated completeness of esophageal cancer in FCR
and HILMO

There were 5,804 records of esophageal cancer in the FCR. If
the true number of esophageal cancers were 7,431, based on
esophageal cancer diagnosis in either FCR or HILMO, the
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completeness of FCR would be 78.1% for esophageal cancer.
After including the 1,015 patients with gastric cancer records,
the completeness of FCR was 91.8%.

There were 7,228 records of esophageal cancers in
HILMO. With 203 missed cancer cases, the completeness of
HILMO was 97.3%. After including the 35 gastric cancer
records, the completeness of HILMO would be 97.7% for
esophageal cancer.

Discussion

The present study shows that incident esophageal cancer
cases are relatively well captured by both FCR and HILMO.
Misclassification between esophageal and gastric cancer [6,7]
was present and prevented accurate estimation of the com-
pleteness of esophageal cancer.

The strengths include the population-based nationwide
design and large size of the cohort, and complete follow-up.
The three registries all have separate and independent regis-
tration for diagnoses, including esophageal cancer.
Furthermore, the systematic validation of FCR records [3] and
death certificates by forensic physicians in Finland increase
the validity of FCR and death registry [8]. The weaknesses
include the unavailability of the medical records for assessing
the validity of the diagnoses. Misclassification between
esophageal and gastric cancer prevented robust evaluation
of esophageal cancer completeness in the registries.

The proportions of esophageal cancer reported to only
FCR, only HILMO and both FCR and HILMO were relatively
similar between the sexes, age groups and surgical treat-
ment. However, the proportion of esophageal cancers
reported to the cancer registry decreased dramatically over
time. Reasons for this might include increased clinician and

Follow-up time, years

Figure 1. Kaplan-Meier curve depicting five-year all-cause mortality in esophageal cancer patients stratified by registry status. The black line represents those
patients registered in both FCR and HILMO (n =5,601), blue line those registered only in FCR (n = 203) and orange those registered only in HILMO (n =1,627).
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pathologist workload, as well as unclear responsibilities on
which clinician should report the patient to the FCR. On the
other hand, the introduction of electronical medical records
during 1996-2007 in Finland might have led to more com-
plete registration of all diagnoses in HILMO over time. As the
reporting to HILMO is automatic from the hospitals, it is
likely that some suspected cancers will be permanently
reported to the HILMO registry with a cancer diagnosis, even
when the condition is confirmed benign or another cancer
location on next admission.

The high proportion of esophageal cancer deaths in all
patients reported to FCR reflects the high specificity of can-
cer diagnosis in the FCR. In those patients not reported to
FCR, there were 1,078 deaths by other causes than esopha-
geal cancer, compared to 285 esophageal cancer deaths,
implying a lower specificity of esophageal cancer in HILMO.
Furthermore, most esophageal cancer patients not identified
to have esophageal cancer in FCR had gastric cancer diagno-
sis in FCR. Many of these patients had multiple gastric and
esophageal cancer admissions in HILMO, suggesting mis-
classification between esophageal and gastric cancer.

Survival curves reflected the observation of HILMO having
a significant number of either early-stage cancers not requir-
ing oncology consultation and thus having less opportunities
to be recorded in FCR, healthier patients, or false-positive
diagnoses. Mortality was lower in those reported to only
HILMO compared to those reported to the FCR.

The estimated completeness of FCR was 91.8% for
esophageal cancer when cancers recorded as gastric cancer
in the FCR were considered. Similarly, the completeness of
HILMO was estimated to be up to 97.7%. However, due to
misclassification and potential false positives in HILMO, these
numbers should be interpreted with caution.

Researchers should be aware of the misclassification and
that complete inclusion of esophageal cancer patients could
be achieved by using both registries and including gastric
cancer data. Evaluation of the proportion of false-positive
esophageal cancers in FCR and HILMO, and the extent of
misclassification with gastric cancer are important future
research questions. For clinicians, it is recommended to care-
fully report all cancer cases to the FCR at all stages of diag-
nostic and treatment pathways to ensure that quality data is
available in the future. Furthermore, esophageal cancer diag-
nosis should be confirmed before assigning the patient the
cancer diagnosis, and unclear tumor diagnoses should be
used before confirmation.

In conclusion, the results indicate both FCR and HILMO
separately captured up to 91.8 and 97.7% of esophageal can-
cer patients, respectively. There seems to be misclassification

between esophageal requiring fur-

ther assessment.

and gastric cancers
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