
ORIGINAL ARTICLE

Increased use of computed tomography in Denmark: stage shift toward early
stage lung cancer through incidental findings

M. Borga,b , O. Hilbergb, M. B. Andersenc, U. M. Weinreicha and T. R. Rasmussend

aDepartment of Respiratory Diseases, Aalborg University Hospital, Aalborg, Denmark; bDepartment of Medicine, Lillebaelt Hospital Vejle,
University Hospital of Southern Denmark, Vejle, Denmark; cDepartment of Radiology, Herlev and Gentofte Hospital, Copenhagen, Denmark;
dDepartment of Respiratory Diseases and Allergy, Aarhus University Hospital, Aarhus, Denmark

ABSTRACT
Background: Computed tomography (CT) examinations are increasingly used worldwide and inciden-
tal findings are growing likewise. Lung cancer stage at diagnosis is pivotal to survival. The earliest
stage of lung cancer, stage IA is in most cases asymptomatic. Potentially, increased use of clinical CTs
could induce a stage shift toward earlier lung cancer diagnosis.
Materials and methods: Data on the number of CT thorax in Denmark and the stage distribution of
Danish lung cancer patients 2013–2020 were acquired from, respectively, the Danish Health Data
Authority and the Danish Lung Cancer Registry. Clinical auditing of stage IA lung cancer patients was
performed in the period 2019–2021 in a Danish region to assess the reasons for referral. Auditing of
stage IV lung cancer patients was done to see whether a CT thorax was performed in a two-year
period before diagnosis.
Results: All regions showed an increase in CTs per 1000 inhabitants. However, the number of CTs per-
formed in 2013 differed by more than 50% among regions, and the increase per year also differed,
from an increase of 1.9 to 3.4 more examinations per year. A significant correlation between CTs and
fraction of stage IA lung cancers was seen in four out of the five regions. The audit of stage IA lung
cancer cases revealed that 86.8% were incidental findings. Audit of stage IV lung cancer found that
4.3% had a nodule/infiltrate on a previous CT within a 2-year period prior to the diagnosis of lung
cancer that was the probable origin of stage IV lung cancer.
Conclusion: The study found that the vast majority of early-stage lung cancers were incidental find-
ings. It highlights that follow-up algorithms of incidental findings should be used in accordance with
guidelines and it should be unequivocally how the CT follow-up of pulmonary infiltrates is managed.
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Background

Globally, approximately 300 million computed tomography
(CT) examinations are performed in a year and it is increasing
by 4% per year [1]. However, the use of CT examinations
varies considerably in Western countries [2]. The US is one of
the countries that performs the most CT examinations (255
per 1000 inhabitants; 2021), while Finland is among the
Western countries performing the fewest (45 per 1000 inhab-
itants; 2020). In Denmark, the annual number of CT examina-
tions is relatively high, at 207 per 1000 inhabitants (2021)
performed annually [3], which probably reflects the number
of available CT scanners. The incidence of lung cancer in
Denmark is also high with an age-standardized incidence
rate of 39.4 per 100,000 per year (men). This is considerable
higher compared to the other Nordic countries (Norway:
32.5; Sweden 17.7; Finland 29.0 per 100,000 per year) [4].
Among the Danish regions, the age-standardized incidence
rate varies between 37.7 and 43.2 per 100,000 per year
(men) [4]. A lung cancer screening program has not been
implemented in Denmark.

The frequency of incidental findings from CT examinations
is around 31% [5]. These include both incidental findings
without clinical relevance and potentially malignant lesions.
Hence, if more CT examinations of the thorax (CT thorax) are
performed, patients with lung cancer might incidentally be
diagnosed at an early stage. Incidentally detected lung
tumors are typically smaller, found at an earlier stage and
are more often adenocarcinomas. Incidental detection of a
lung cancer has previously been shown to serve as an inde-
pendent survival predictor, compared to symptomatic
patients or x-ray-detected tumors [6–9]. However, some inci-
dentally detected tumors could be indolent and not influ-
ence mortality [10].

In most cases, the earliest stage of lung cancer, stage IA,
is asymptomatic and is best detected by CT. It was found in
a single-center clinical audit of stage I lung cancer patients,
that as many as 61% of their tumors were incidental findings
[11]. In this study, no difference in survival was seen
between incidentally detected tumors vs. non-incidentally
detected tumors, possibly because the symptoms in stage I
lung cancer patients often do not stem from the actual
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tumor, but usually from comorbidity, such as chronic
obstructive pulmonary disease, emphysema, or pulmonary
infections that may have led to the CT examination revealing
the tumor.

At present, it is not known whether the increase in clinical
use of CT examinations is linked to a stage shift toward ear-
lier lung cancer diagnosis. However, if the majority of stage I
lung cancers detected are incidental findings on clinical CT
examinations, then a logical consequence of an increased
use of CT examinations would be the detection of an
increased number of early-stage lung cancers. Furthermore,
it becomes paramount to ensure a correct follow-up of inci-
dental CT examinations findings of possible early-stage lung
cancer on.

This study aimed to evaluate the development in number
of clinical CT thorax examinations and the fraction of stage
IA lung cancer cases over an 8-year period in Denmark. As
part of this analysis, a clinical audit was performed in one of
the regions, to assess how many of the stage IA patients
were diagnosed as the result of an incidental finding, and
whether some of the patients diagnosed with stage IV lung
cancer could have been diagnosed earlier, if adequate fol-
low-up of incidental findings had taken place.

Materials and methods

CT thorax examinations and lung cancer stage
distribution

Denmark is divided in five regions. Data on the annual use
of CT thorax examinations 2013–2020 in the five Danish
regions were acquired from the Danish Health Data
Authority. The stage distribution of lung cancer patients
2013–2020 in the five Danish regions was extracted from the
Danish Lung Cancer Registry [12]. The combination of the
five Danish regions provides the national average.

Clinical audit of lung cancer patients diagnosed in
stage IA

An audit of patient journals was performed in one of the
regions. All lung cancer patients in clinical stage IA (TNM
eighth edition [13]) in the period 2019–2021 were identified
from the Danish Lung Cancer Registry [12]. Auditing was per-
formed to investigate whether the reason for referral to the
CT thorax examination was a clinical suspicion of lung cancer
or any other reason (i.e., incidental finding). If the CT thorax
examination was performed as a consequence of a chest x-
ray, the reason for referral for chest x-ray was noted.
Furthermore, it was stated whether the stage was IA1, IA2, or
IA3 (i.e., tumor size 0–10 mm; 11–20 mm, or 21–30 mm).

Clinical audit of lung cancer patients diagnosed in
stage IV

An audit of patient journals was performed in one of the
regions. All lung cancer patients in stage IV 2019–2021 were
identified from the Danish Lung Cancer Registry [12]. Next,

auditing was performed to evaluate if patients had had a CT
examination that showed parts of the lungs within the two
years before lung cancer diagnosis. The types of CT scans
included were: CT thorax (including CT angiography), CT
thorax abdomen pelvis (CT TAP), CT abdomen, showing
lower parts of the lungs (including CT urography) and car-
diac CT. If patients had a CT scan performed two years
before the lung cancer diagnosis, it was noted whether the
CT examination was described with a pulmonary nodule/infil-
trate and if adequate follow-up with CT was performed. If
the CT scan was not described with pulmonary nodules/infil-
trates, the scan was assessed to evaluate, in retrospect, if any
pulmonary nodules/infiltrates could be detected at the loca-
tion where the lung tumor was found. Finally, it was
assessed whether any pulmonary nodules/infiltrates seen on
the earlier CT scan were likely to be the origin of the later
diagnosed stage IV lung cancer.

Statistics

Correlations between number of CT examinations per 1000
inhabitants and lung cancer stage distribution as well as var-
iations among regions were calculated using linear regres-
sion analysis. Data analyses were performed in STATA
Statistical Software, College Station, TX: StataCorp LLC.
Auditing was performed using REDCap [14].

Ethics

Data on annual use of CT examinations and lung cancer
stage distribution are publicly available. Permission to con-
duct auditing was given by the hospital directors under the
regulations of a quality improvement study.

Results

CT examinations and lung cancer stage at diagnosis

The development in the annual number of CT thorax exami-
nations per 1000 inhabitants in the Danish regions is pre-
sented separately by region and as the mean of regions in
Figure 1. All regions show an increase in the number of CT
thorax per 1000 inhabitants in the period 2013–2020.
However, there are some variations among the regions in
the number of CT thorax. The number of CT thorax per 1000
inhabitants performed in 2013 differed by more than 50%,
from 24.3 to 38.9 (p < 0.01), and the increase per year over
the eight years from 2013 to 2020 also differed, from an
increase of 1.9 more CTs per year to 3.4 more per year
(p < 0.01). At the end of the period, the relative difference
between the regions was somewhat reduced, as the Central
Denmark Region and North Denmark Region were perform-
ing almost 60 CT thorax per 1000 inhabitants in 2020, while
the Capital Region and Region Zealand were performing
45–50 CT thorax per 1000 inhabitants in 2020.

The fraction of stage IA lung cancer cases in Denmark
and the five Danish regions in the period 2013–2020 is pre-
sented in Figure 2. In 2013, the fraction of patients
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diagnosed in stage IA differed between regions, from 7.3%
to 12.2% (p < 0.01). Over the following years, from 2013 to
2020, there were significant annual increases in the fraction
of patients diagnosed in stage IA in the Capital Region, the
Central Denmark Region, and the Region of Southern
Denmark (p < 0.01 for each of these regions). In Region
Zealand only a minor, but still significant, increase in stage

IA fraction was seen (p < 0.05), while there was no signifi-
cant change in the North Denmark Region.

A regression analysis of the correlation between the num-
ber of CT examinations and fraction of stage IA lung cancers
was done. The scatter plots are presented in Figure 3. In the
Capital Region, Central Denmark Region, and Region of
Southern Denmark, the fraction of patients diagnosed in

Figure 1. (A) Development of CT thorax per 1000 inhabitants 2013–2020. (B) Fraction of stage IA lung cancer 2013–2020.

1258 M. BORG ET AL.



stage IA correlated to approximately the same extent with
the number of CT thorax examinations per 1000 inhabitants
(p < 0.05 for the correlation between number of CT thorax
examinations and the stage IA fraction, while p > 0.35 for
difference between these three regions). A significant correl-
ation was also seen in Region Zealand, although not nearly
as marked (p < 0.05 for the correlation between number of

CT thorax and the stage IA fraction, while p < 0.01 for the
difference to the three other regions). In the North Denmark
Region, there was no significant correlation between the
number of CT examinations and fraction of stage IA lung
cancer cases.

Clinical audit of lung cancer patients diagnosed in
stage IA

In total, 278 patients with stage IA lung cancer were found.
Five patients were excluded (three were not found to be
stage IA and two referrals were not accessible), leaving 273
patients for auditing. Out of these, 36/273 (13.2%) were
referred for suspicion of lung cancer, with seven (19.4%) in
stage IA1, 23 (72.2%) in stage IA2 and 6 (16.7%) in stage IA3.

In total, 237/273 (86.8%) were incidental findings, with 38
(16.0%) in stage IA1, 151 (63.7%) in stage IA2 and 48 (20.3%)
in stage IA3. The CT exams with incidental findings were per-
formed as a result of trauma, shoulder pain, cardiac CT due
to chest pain, suspicion of pulmonary embolism and investi-
gation or follow-up of cancer in the colon, prostate, ovaries,
and head and neck.

Clinical audit of lung cancer patients diagnosed in
stage IV

A total of 748 patients with stage IV lung cancer were found.
After the exclusion of 12 patients (eleven duplicates and one
with incorrect central person registration number format),
736 patients were audited. As shown in Figure 4, 81 patients
(11%) had had a clinical CT examination performed within a

Figure 2. Correlation of CT thorax per 1000 inhabitants and fraction of stage IA lung cancer.

Figure 3. Clinical audit of stage IV lung cancer patients. CT abd: Computed
tomography abdomen; CT TAP: Computed tomography thorax–abdomen–pelvis.
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period of 2 years before the lung cancer diagnosis; 27 were
described with a nodule/infiltrate by the radiologist, and of
these, 19 patients did not receive adequate follow-up CT, in
accordance with the Fleischner Society pulmonary nodules
recommendations [15]. Morphology, size and location of the
19 infiltrates/nodules are described in Table 1. Among the 27
patients with a pulmonary nodule/infiltrate previously
described on CT, 23 of these nodules/infiltrates were likely to
have developed into the subsequently diagnosed stage IV
lung cancer, even though four of them received adequate
follow-up CT.

Of the 81 patients with a previous CT examination two
years before diagnosis, 54 were not described with a nodule/
infiltrate. However, retrospectively assessed, nine patients did
have a nodule/infiltrate on the CT examination that was
likely to be the origin of the later stage IV lung cancer. So, in
total, 32 out of 736 patients (4.3%) had a nodule/infiltrate on
a previous CT within a 2-year period prior to the diagnosis of
lung cancer that most likely developed into a stage IV lung
cancer. An example of an infiltrate that developed into stage
IV lung cancer from the clinical audit is provided in Figure 4.

Discussion

This study examined the relationship between the annual
use of CT thorax examinations and the fraction of stage IA
lung cancer in the five Danish regions 2013–2020. The use of
CT thorax examinations increased in all Danish regions,
although the number of CT thorax examinations per 1000
inhabitants showed regional variations. Regional differences

were also seen in the fraction of stage IA lung cancer and in
the annually increase.

The clinical audit of patients with stage IA lung cancer
showed that only 13.2% of referrals were on suspicion of
lung cancer, while 86.8% were incidental findings.

The clinical audit of patients with stage IV lung cancer
showed that 4.3% of patients had a CT examination per-
formed within the previous 2-year period on which a nod-
ule/infiltrate that likely developed into the stage IV lung
cancer could be identified.

In line with the overall worldwide trend [1], this study
finds an increase in the clinical use of CT examinations in
Denmark through the years 2013–2020. Positive correlations
between the extent to which CT thorax examinations are
used, and the fraction of stage IA lung cancer are also found
in four of the five Danish regions. However, the fraction of
stage IA lung cancer in the year 2020 shows wide variations
among the Danish regions, with the highest stage IA fraction
in the Central Denmark Region (22.9%) and the lowest in
Region Zealand (10.0%). Previous US studies on differences
in lung cancer stage distribution have found that insurance
coverage has a great impact on stage at diagnosis and sur-
vival [16], and that the military veterans covered by the
Military Health System in the US have a higher percentage of
stage I lung cancer, compared to the general population
[17]. However, compared to the US, the Danish health care
system provides comprehensive care for all citizens, free of
charge or with minimal costs. A study comparing the Danish
regions also found substantial homogeneity regarding socio-
demographic and health-related characteristics [18]. Thus,
the differences seen among regions could potentially stem
from differences in hospital management of incidental find-
ings from CT thorax. Another possible reason could be the
scarcity of radiologists in rural parts of Denmark. In the
Capital Region, the number of radiologists per 100,000
inhabitants is 13.8. Contrary, in Region Zealand, there are 6.9
radiologists per 100,000 inhabitants (2019). Second reads are
not used in any of the Danish Regions.

Several low-dose CT lung cancer screening studies have
shown a reduced lung cancer-specific mortality [19–21].
However, the effect of the increased clinical use of CT exami-
nations for many reasons other than suspicion of lung cancer
(i.e., CT abdomen with lower lung segments, cardiac CT, etc.)
on the stage distribution of diagnosed lung cancer has not
been investigated previously. This study finds positive

Table 1. Characteristics of nodules/infiltrates that did not receive follow-up.

Morphology N

Solid 12
Semisolid 1
Ground glass opacity 0
Cystic 2
Diffuse infiltrates 1
Central tumor/lymphnode 3
Infiltrate/nodule size
<6mm 0
6–10mm 2
11–15mm 6
15–20mm 4
21–30 mm 2
>30 mm 1
Diffuse infiltrates 1

Figure 4. Example of infiltrate in right upper lobe that did not receive follow-up. Computed tomography examinations taken 10 months apart. Diagnosed with
T4N2M1c small cell carcinoma.
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correlations between the intensity of clinical use of CT thorax
examinations and the fraction of stage IA lung cancer stage.
Clearly, this does not necessarily imply causation; however, a
previous study did find, that the majority of stage I lung can-
cers were incidental findings [11] and the current audit
found that 86.6% of stage IA lung cancer cases were not
under suspicion for lung cancer. This corresponds with
experience from a single-center study. Here two time periods
were compared; in the period 2013–2015, clinicians’ access
to CT thorax was restricted, while a more liberal access to CT
thorax was implemented in the period 2016–2018 [22]. The
study found a marked increase in the fraction of stage IA
from 13.8% to 28.3%, with a more liberal access to low dose
CT thorax, even though the majority of CT exam referrals
came from in-hospital departments.

However, the regional differences regarding the relation
between number of CTs per 1000 inhabitants and the frac-
tion of patients diagnosed with stage IA lung cancer high-
light the fact that the number of CT examinations is not the
only factor influencing the stage distribution of lung cancer.
The necessary resources for careful CT interpretation and
proper follow-up regimens in accordance with guidelines
should be put in place to minimize the risk of missing an
opportunity to diagnose a lung cancer at an early stage. The
clinical audit of stage IV lung cancer patients provides valu-
able learning points in this respect. In total, 73% of the pul-
monary nodules/infiltrates that most likely developed into
stage IV lung cancer were described by the radiologist. As
seen in Table 1, all of these nodules/infiltrates had a size
that required CT-based follow-up, but this did not happen.
The following reasons for the lack of follow-up were found
in the clinical audit: The radiologist describes the infiltrate
but does not recommend follow-up; the radiologist recom-
mends follow-up but the referring department does not per-
form CT follow-up; the CT exam is sent for assessment at the
regional lung cancer investigation unit, where follow-up is
recommended, but the referring department does not per-
form follow-up; the referring department uses chest x-ray for
follow-up of pneumonia/diffuse infiltrates. This highlights the
necessity for firm follow-up algorithms of incidental findings
in CT thorax at the radiology and respiratory medicine
departments.

The remaining 27% of the pulmonary nodules/infiltrates
were not mentioned by the radiologist. These were smaller
than the described infiltrates/nodules, with a mean diameter
of 9.8 mm (range 5–24 mm) and sizes are comparable to
results in a previous study on missed nodules developing
into lung cancer [23]. However, with nodule-specific training,
thoracic radiologists can improve their skills of detecting pul-
monary nodules [24].

If the clinical audit also included patients in Stages II and
III, it could have revealed more nodules/infiltrates that devel-
oped into a later stage of lung cancer. Earlier detection of
these lung cancers could have resulted in better treatment
options, such as surgery instead of concurrent chemoradio-
therapy. However, the current study focused on stage IV
patients, for whom curative treatments options are rare, and
thus representing the most radical and clear consequence of

a missed opportunity. The actual number of cases of missed
early-stage lung cancer among the patients diagnosed with
stage IV lung cancer might in fact have been higher, as
some cases of lung cancer, typically with subsolid morph-
ology, are slow growing and may require more than 2 years
to progress from stage IA to IV. Our choice of an audit
period of two years before diagnosis was partly dictated by
a legal limit of five years from diagnosis for quality assess-
ment studies and partly because 2 years is the usual follow-
up period for solid pulmonary nodules.

This study has some limitations. Correlations between the
number of CT examinations and the fraction of stage IA lung
cancer do not necessarily imply causation, even though it
seems likely, given that: (1) these small tumors are practically
undetectable without the use of CT and (2) the majority of
stage IA lung cancers are incidental findings on CT scans per-
formed for many reasons other than suspicion of lung can-
cer. The clinical audit of stage IV patients assessed if
previously detected pulmonary nodules/infiltrates were likely
to be the origin of the later stage IV lung cancer. This was a
subjective retrospective assessment based on the same loca-
tion of the pulmonary nodule/infiltrate and the primary
tumor of the later diagnosed stage IV lung cancer.

In conclusion, this study finds a likely relationship
between the number of clinical CT thorax examinations and
the fraction of stage IA lung cancer. The learning points from
the clinical audit highlight that follow-up algorithms of inci-
dental findings should be used in accordance with guidelines
and that it should be unequivocally how the CT follow-up of
pulmonary infiltrates is managed.
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