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ARTICLE INFO ABSTRACT

Keywords: Background: This study evaluates the validity of the information in the Danish Lung Cancer Registry (DLCR).
Lu"$ stmcer Since 2000, the DLCR has been a tool for monitoring interventions and outcome of all Danish lung cancer pa-
Registries . . tients with the intent to streamline and improve treatment and survival. The DLCR receives information from the
:;?Z:::Zg; and Nordic Countries Danish Patient Registries in addition to clinical information from the treating physicians. In the year 2022, more

than 50 papers have been published using DLCR as a data source. However, the DLCR has not previously been
validated.

Methods: A random sample of 1000 patients diagnosed with non-small cell lung cancer from 2014 to 2016 and
recorded in the DLCR were included for validation. Medical records were reviewed and were considered as the
“gold standard” to which data listed in the DLCR were compared.

Results: Information was retrieved from medical charts for all patients. Agreement on stage at diagnosis was 90.1
% (95 % CI 88.0-91.9) and on date of diagnoses was 93.8 (95 % CI 92.1-93.2). Agreement on smoking status in
pack years (+/- 10 pack years) was 91.2 % (95 % CI 88.6-93.2). The positive predictive value of treatment intent
was 87.4 (95 % CI 85.1-89.6).

Conclusion: The data in the DLCR are complete, detailed and accurate. The comparison of data from the DLCR
with the medical records revealed overall high validity of the data in the registry.

1. Introduction collects data for administrative purposes unrelated to specific research

questions, the risk of certain biases is reduced (e.g. recall and loss to

The Danish Lung Cancer Registry (DLCR) has monitored in-
terventions and outcomes of all Danish patients diagnosed with lung
cancer with a high level of completeness since its establishment in the
year 2000 [1,2]. The aims of the DLCR are to evaluate treatment
response and to compare and streamline treatment within the five
administrative regions of Denmark, in order to improve lung cancer
treatment and overall survival [3]. The DLCR was not initiated as a
research tool, however, it has been utilized for clinical and epidemio-
logical research in several studies [4]. Prospectively collected registry
data are valuable for epidemiological research, as they reduce study
costs and frequently enable larger study populations. As the DLCR

follow-up). However, since the quality of such research depends on the
robustness of the source registry data, it is essential to assess their val-
idity [5].

The quality of a registry can be assessed in four different aspects:
completeness, timeliness, comparability and validity [6,7]. Complete-
ness is defined as the proportion of cases registered in the DLCR of all
lung Danish lung cancer patient. Timeliness is defined as the time from
the date of diagnosis of the cancer until it is registered in the DLCR.
Comparability reflects the adherence in the DLCR to international
standards such as tumor, node and metastasis classification (TNM), in-
ternational classification of diseases (ICD) and pathology reporting
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standards. Validity is defined as the proportion of cases in a dataset with
a given characteristic (e.g., site and age) that truly have the attribute,
when comparing to medical charts as the “gold standard”.

Completeness of the DLCR compared to the Danish Cancer Registry
has previously been assessed [8]. In the current study, we present the
first evaluation of the validity of data in the DLCR.

2. Materials and method
2.1. The Danish Health-Care setting

Health-care in Denmark is tax-funded and provide equal access to
healthcare for all citizens regardless of social status or income. All per-
manent residents in Denmark have been assigned a unique personal
identification number (CPR). The CPR number is used in all national
registries supporting inter-registry linkage. The Danish Civil Registra-
tion System includes information on sex, date of birth, place of resi-
dence, emigration, immigration, disappearance and vital status [9]. The
Danish National Patient Registry (DNPR) holds information on all hos-
pital in- and outpatient contacts [10]. Denmark is divided in five
administrative health-care regions with different medical record sys-
tems. Patients with suspicion of lung cancer are referred to the nearest
pulmonary department at a university hospital or local community
hospital for diagnostic procedures and evaluation. In 2022, 5043 Danish
patients were diagnosed with lung cancer (47.9 % men and 52.1 %
women), of whom 1259 (25.0 %) were treated surgically [11]. There are
13 departments of pulmonology involved in lung cancer evaluation, 4
departments of cardiothoracic surgery and 12 departments of oncology
treating lung cancer in Denmark.

2.2. The Danish lung cancer Registry

The DLCR holds clinical information on Danish lung cancer patients
since 2000. Patients are identified in the DNPR by any contact, in- or
out-patient, with the diagnostic codes C34 and C33, according to the
International Classification of Diseases, 10th Revision (ICD-10) [12,13].
The DLCR collects supplementary information from the Danish Pathol-
ogy Register, which contains information from all Danish departments
of pathology [14]. The Danish Pathology Register has previously been
validated [14]. Furthermore, the entries in the DLCR are validated and
provided with additional clinical information from the treating clini-
cians, while data on comorbidity and diagnostic procedures are obtained
from the DNPR. All departments involved in the diagnostic process and/
or treatment of lung cancer in Denmark report data to the DLCR, which
is mandatory by law [1]. For all lung cancer patients, a general (diag-
nostic) form is used, and depending on treatment type additional sur-
gical and/or oncology forms are completed. Vital status is retrieved from
the Danish Civil Registration System once a month. Thus, the DLCR
contains data on patient characteristics, diagnostic procedures, histol-
ogy, tumor stage, lung function, performance status, comorbidity,
treatment, possible treatment complications and vital status (Table 1).
In addition, Denmark has a national cancer registry, The Danish Cancer
Registry established in 1942, that receives information on all Danish
cancer cases [15,16]. The Danish Cancer Registry does not contain
clinical information, i.e. smoking status or treatment intent.

3. Method

We performed a nationwide cross-sectional validation study. We
received data on all Danish lung cancer patients registered in the DLCR
from January 1st 2014 until December 31th 2016 from the registry and
identified patients with a diagnosis of non-small cell lung cancer
(NSCLC). A random sample of 1000 NSCLC patients were obtained.
Electronic medical records were retrieved on all patients. If medical
record systems had been upgraded since 2014, historical records were
retrieved. Information obtained from the medical records was
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Table 1
Overview of the data in the DLCR.
Form Variable
Diagnosis WHO Performance status

MDT conference decision (since 2021) (yes/no)
Diagnostic work-up procedures performed
Diagnosis incl histology

TMN classification

Date of referral and date of admission

Neo adjuvant treatment

Surgery delayed (yes/no)

Risk factors (COPD, heart disease, others)
Alcohol intake

Date of surgery and discharge

Surgical approach

Treatment intent (curative/palliative)

Surgery radical (yes/no)

Pathology

Post-operative complications

Intensive care admission

Lymph node malignancy

TNM classification

Date of referral

Treatment delayed (yes/no)

WHO Performance status

Date of treatment

Treatment type (chemo therapy, radiation, other)
Treatment intent (curative, neo adjuvant, palliative)
Reason for radiation

Surgery

Oncology

considered as the “gold standard” to which data from the DLCR was
compared. Medical records were reviewed, blinded from the data in the
DLCR, with only access to the civil registration number. If data were not
obtainable from the medical records, the data point would be classified
as “unknown” and subsequently excluded from the analysis. Validation
was performed from June 2022 through March 2023 by clinicians FA
and AG. To validate the possible errors in the validation, data from 50
cases were re-abstracted from the medical records and compared to the
first notations.

3.1. Statistical methods

Completeness was calculated as the number of correctly registered
patients divided by the number of patients with information regarding
the variable in the medical record. We used Wilsons score methods to
calculate 95 % confidence intervals (CIs). We calculated proportion of
agreement for variables with several outcomes. In addition, we con-
structed 2 x 2 tables and computed positive predictive values (PPVs)
and negative predictive values (NPVs) for each dichotomous variable.

3.2. Ethics

Registration in the DLCR was approved by the National Board of
Health and the Danish Data Protection Agency. The present study was
approved by the Danish Data Protection Agency (registration no.
1-45-70-80-21).

4. Results

The DLCR contained information on 14,216 patients in the study
period 2014-2016 of whom 11,575 were diagnosed with NSCLC. Of the
1000 patient in the random sample, 16 were duplicates (Fig. 1). We were
able to retrieve all of the 984 remaining medical records. Three patients
were lost to follow-up due to emigration after being diagnosed with
NSCLC. Six patients (0.6 %) were misclassified as NSCLC, when in fact
their pathologic diagnosis was small cell lung cancer (SCLC), mesothe-
lioma, breast cancer, colon cancer or nasal cancer (Fig. 1). One patient
was diagnosed with NSCLC later than the study period, but had been
surveilled for a lung nodulus since 2014. 974 cases remained for further
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DLCR 2014-2016 n=14216

Excluded n=2641
- SCLC( 2641)

Random sample n=1000

Random sample n=1000

——| Duplicates n=16

Misclassifikation n=6
- Mesothelioma (1)

- Breast cancer (1)

- Nasal cancer (1)

- scLC (1)

- Colon cancer (2)

Lost to follow-up n=3
- Emigration (3)

Diagnosed in 2018 n=1

Included in the Validation study n=974

Fig. 1. Flow chart of patients. DLCR = Danish Lung Cancer Registry, SCLC = small cell lung cancer.

analysis.

Table 2 shows completeness and agreement of data in the DLCR
compared to the medical charts. There was a concordance within 3
months on the date of diagnosis in 912 of the 972 patients (93.8 %) (two
had missing data in the medical record) between the DLCR and the
medical records. Agreement on stage at diagnosis was 90.1 %, treatment
with curative intent was 92.3 %, performance status was 62.3 % and
pack-years plus/minus 10 pack-years was 91.2 %.

Table 3 displays sensitivity, specificity and PPV of variables in the
DLCR compared to the medical records. PPV values were generally high
with exception of alcohol use and surgical complications.

The results of the small re-abstraction study can be found in the
supplementary material. When comparing the two abstractions, there is
a high concordance within treatment intent, treatment type, stage, but
less agreement for pack years and performance status. The results
display the difficulties in finding the “gold standard” for smoking his-
tory, as patients describe the use differently and pack years are noted
differently in the chart. Similarly, performance status can be noted as

Table 2

Completeness and agreement of data registered in the DLCR compared to
medical records. ECOG PS = Eastern Cooporative Oncology Group Performance
Status.

Variable Definition n (correct/ Agreement, %
observations) (95 % CI)
Date of Date +/- 3 months 912/972 93.8
diagnosis (92.1-95.2)
Stage at 1, IL, 111, IV, unknown 846/939 90.1
diagnosis (88.0-91.9)
Health Region Capital Region of 969/974 99.4
Denmark, Central (98.6-99.7)

Denmark Region, North
Denmark Region,
Region Zealand, Region
of Southern Denmark

ECOG PS 0,1,2,3,4, unknown 555/891 62.3
(59.1-65.4)

Pack year Correct +/- 10 540/592 91.2
(88.6-93.2)

Treated with 325/352 92.3
curative intent (89.0-94.7)

Treated with 382/417 91.6
chemotherapy (88.5-93.9)

Treated with 323/406 79.6
radiation (75.3-83.2)

“1-2” or different from the first statement at following medical
consultation. The gold standard would be the performance status and
smoking history noted in the multidisciplinary team meeting, where
treatment options are discussed. In some charts, however, the infor-
mation was not in the chart note from that meeting.

5. Discussion

This is the first study to examine the validity of data in the DLCR. In
this study, we evaluated the quality of the data by extensive review of
nearly one thousand medical charts and found overall high data validity.
Completeness of the DLCR has previously been accessed [8]. In 2013 and
2014, 9,111 lung cancer patients were identified in the Danish Cancer
Registry (DCR) and 9,316 patients in the DLCR, of whom 87 % were in
agreement. When they disregarded the study period the agreement
increased to 95 %. The main discrepancies between registrations in the
DCR and the DLCR were due to the different capture algorithms,
different definitions of the dates of diagnosis or the use of slightly
different data sources [8].

Other large population-based registries with data on lung cancer
patients used for epidemiologic studies exist worldwide. One example is
The US Surveillance, Epidemiology, and End Results (SEER) cancer
registry, covers information on 48 % of the population. However, this
registry has several limitations including lack of validation of the
diagnosis and limited clinical data such as smoking and performance
status, and to our knowledge, data in lung cancer patient registries have
never been validated [17]. Another example is the association of the
Nordic cancer registries (NORDCAN), an online platform with data on
all cancers covering patients from all Nordic countries [18]. As with
SEER, there are no clinical information in NORDCAN. Denmark is the
only Nordic country with a separate clinical lung cancer registry, where
other Nordic countries have national cancer registries with data on lung
cancer patients [19].

Other Danish cancer registries have previously been validated by
comparison to clinical charts. Arboe et al found PPV of 87-100 % and
completeness of 92-100 % in the Danish National Lymphoma Registry,
slightly better than the results of the validation of the DLCR [20]. A
study validating the Danish Acute Leukemia Database found comparable
low proportion of misclassification of diagnosis (0.4 %) [21]. However,
only few centers in the country enter data to these registries compared to
the much larger lung cancer setup.

This study found high PPV and completeness in the DLCR with ex-
ceptions of alcohol use, performance status and surgical complications.
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Table 3
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Sensitivity, Specificity and Predictive Values for variables in the DLCR. ECOG PS = Eastern Cooporative Oncology Group Performance Status. FEV1 = forced expiratory
volume in the first second. DLCO = diffusing capacity of the lungs for carbon monoxide. VAT = video-assisted thoracic surgery.

Variable N Sensitivity, % PPV, % Specificity, % NPV, %
(95 % CD) (95 % CI) (95 % CD) (95 % CI)
Stage I-IIIA/IIIB-V 939 97.3 94.1 90.5 95.6
(96.2-98.3) (92.5-95.6) (88.6-92.4) (94.3-96.9)
EGOC PS 0-1/2-4 848 78.7 74.8 91.7 93.2
(75.9-81.6) (71.7-77.8) (89.8-93.6) (91.5-95.0)
Alcohol use 144 45.0 47.4 93.1 92.5
(Surgical patients only) (37.4-52.6) (39.8-55.0) (89.2-97.0) (88.4-96.5)
FEV1 performed 644 100 100 100 100
DLCO performed 148 100 100 100 100
Curative intent (yes/no) 836 92.3 87.4 90.3 94.2
(90.5-94.1) (85.1-89.6) (88.3-92.3) (92.6-95.8)
Chemo therapy (yes/no) 735 92.5 77.2 65.1 87.9
(91.1-94.8) (74.1-80.2) (61.7-68.5) (85.6-90.3)
Radiation (yes/no) 735 80.8 72.9 64.2 73.6
(77.9-83.6) (69.7-76.1) (60.7-67.7) (70.4-76.8)
Surgery (yes/no) 967 98.8 99.1 96.2 94.7
(98.1-99.4) (98.5-99.7) (95.1-97.4) (93.3-96.1)
Surgical approach 151 87.4 100 100 71.4
(VAT/thoracotomy) (82.4-92.4) (64.6-78.3)
Neo adjuvant treatment 135 98.4 78.3 20.5 81.8
(96.6-100) (72.1-84.4) (14.4-26.5) (76.1-87.6)
Surgical complications (yes/no) 178 75.7 47.2 80.7 93.6
(69.5-82.1) (39.8-54.5) (74.9-86.5) (90.0-97.2)

Performance status is occasionally stated differently throughout the
medical record and not noted in the description from the MDT confer-
ence. Thus; it can be difficult to extract the “correct” performance status
from records. In the supplementary data the same researcher only noted
the same performance status in 37 out of 50 records when cross
checking. In the DLCR, alcohol consumption is only registered for sur-
gically treated patients, leading to a possible bias of the registry, as there
is more information on patients treated surgically than oncological.

The perspective of a validation study as the current is partly to act as
a reference for other studies using data from DLCR and partly to pinpoint
where to improve on the data quality in the register. One example from
the current study would be to make a note on performance status in the
record of the MDT-meeting mandatory. Currently there is no registration
of recurrence of lung cancer in the DLCR. However, a registration of
recurrence through extraction of information from the DNPR and the
Pathology Register is planned. Such registrations would also require
validation based on the medical records.

The strength of this study is the extensive review of medical records
from the entire country, in which all medical charts of the sample were
reviewed. In total, our validation represents about seven percent of the
patients in the database in the study period. We validated a high number
of variables that are regarded as important covariates for the study of
lung cancer prognosis. Medical records were chosen as the gold stan-
dard, because these data are accessible to clinicians when patients are
recorded in the DLCR. A weakness of this study is that each medical
record was reviewed by not two, but only one medical doctor (AG or
FA). In addition, certain variables lend themselves more readily to
validation, such as TNM stage and FEV1. In contrast, performance status
poses a greater challenge for validation due to its inherently subjective
nature. The DLCR included the variable “MDT conference decision” in
2021, after the present study period, therefore this variable was not
validated in the present paper.

6. Conclusion

Population-based databases like the Danish Lung Cancer Registry
(DLCR) are powerful research tools, provided that data in the database
are valid: data are readily available at a low cost and with limited bias.
With this validation study, we found that data from the DLCR compared
to the medical records revealed overall high validity. Thus, the large
amount of validated clinical and research-relevant data recorded for

lung cancer patients in the DLCR makes it a valuable tool for research of
lung cancer. Additional parameters of interest (e.g., socioeconomic po-
sition, comorbidity) can also be linked to the DLCR from other Danish
registries.
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