
ARTICLE OPEN

Changes in diagnostic evaluation of patients with lung cancer
symptoms
Lisa Maria Sele Sætre1✉, Kirubakaran Balasubramaniam1, Sonja Wehberg1, Christian B. Laursen2,3, Jens Søndergaard1 and
Dorte Ejg Jarbøl1

Introduction: When high-risk patients present lung cancer symptoms (LCSs) in general practice, Computed Tomography of the
thorax (CT thorax) is recommended, but chest X-ray (CXR) may still be used often. This population-based study aims to 1) compare
the proportion of patients who completed diagnostic evaluation, and 2) analyse the associations between smoking status,
symptom burden and first choice of imaging among patients who presented LCS to their general practitioner (GP) in 2012 and
2022.

Methods: Two random samples of 100,000 individuals ≥20 years were invited to a survey about symptoms and healthcare seeking
in 2012 and 2022, respectively, with subsequently linkage to register data. We included individuals ≥40 years old who reported GP
contact with LCSs. Descriptive statistics and multivariable regression models were applied.

Results: A total of 5910 (16%) and 4883 (22%) individuals reported at least one LCS in 2012 and 2022, respectively, and 2538 (43%)
and 2229 (46%), respectively, had contacted their GP. Diagnostic imaging was completed by 2538 (24%) in 2012 and 2229 (22%) in
2022. CXR was the most common first choice of imaging in both years (22% and 15%, respectively), although CT thorax as first
choice increased from 2% to 7%. Higher symptom burden and former smoking increased the odds of completing diagnostic
imaging while current smoking did not.

Conclusion: One out of five patients with lung cancer symptoms completed diagnostic evaluation. CXR remained first choice,
although more completed CT thorax in 2022. GPs may need tools to support risk stratification and choice of imaging.
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INTRODUCTION
Most diagnostics of lung cancer are initiated in general practice1.
Although lung cancer screening has been introduced in some
countries, most cancers must still be diagnosed based on
symptoms presented to general practitioners (GPs)2,3. GPs possess
valuable insights into their patients’ lifestyles and health risk
behaviours, which provides them with a unique opportunity to
assess each individual’s cancer risk and make stratified clinical
decisions. It is essential for timely diagnosis that patients seek care
when they experience symptoms indicative of lung cancer, and
that GPs refer these for diagnostic evaluation when relevant1,4.
Significant improvements in overall survival rates for patients with
lung cancer have been observed during the recent decades due to
earlier diagnosis and more effective treatments5,6. However, two
out of three patients with lung cancer are still diagnosed at
advanced stage, where treatment options are limited and
prognosis poor5,6.
In several countries, fast track cancer care pathways (CCPs) have

been implemented to optimise the time between first symptom to
diagnosis to the treatment of cancer7–9. The Danish lung CCP was
established in 2009 with a minor update in 201210. The CCP
recommends that GPs refer patients presenting with lung cancer
symptoms for diagnostic imaging. Symptoms included in the first
CCP were prolonged coughing, dyspnoea, haemoptysis and

prolonged hoarseness, and the recommended first choice of
diagnostic imaging was chest X-ray (CXR). In 2018, the CCP
underwent a thorough revision that altered three overall features:
1) the lung cancer symptoms were expanded with changes in a
familiar cough and non-specific symptoms such as weight loss,
loss of appetite and tiredness; 2) the risk group was narrowed to
individuals who were 40 years or older with a relevant history of
tobacco use and 3) the recommended first choice of imaging was
changed to Computed Tomography scan of the thorax (CT
thorax)11. Whether these changes have been implemented
successfully in clinical practice remains unknown. In addition to
referral to a CT thorax when suspecting lung cancer, Danish GPs
may also choose to refer for a non-specific cancer care pathway
(NS-CCP), which often includes a CT thorax, if the symptoms don’t
clearly point to a specific illness. Additionally, they can directly
refer patients for a CT thorax and abdomen on suspicion of other
diseases, through a pathway called the third track12.
Most studies exploring the usage of CT scans and diagnostic

pathways are based on data on patients already diagnosed with
lung cancer13–16. Hence, they lack information about individuals
who did not undergo diagnostic imaging or were ultimately not
diagnosed with lung cancer. As the strongest risk factor, smoking
history plays a crucial role in both the appraisal and management
of symptoms in the general population17–19 and in the suspicions
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raised by healthcare professionals20,21. Additionally, symptom
burden can affect the interpretations and actions taken20,22.
Danish register studies cannot include smoking history or
symptom burden as explanatory variables, resulting in limited
knowledge about their influence on referral patterns.
Knowledge about how the diagnostic evaluation of patients

presenting with lung cancer symptoms in general practice is
conducted could be important for improving lung cancer guide-
lines and the development of educational initiatives for GPs and
other healthcare professionals.
Using data from two population-based surveys and related

register data, this study aims to 1) compare the proportion of
patients who have completed diagnostic evaluation in terms of
imaging in 2012 and 2022, and 2) analyse the associations
between smoking status, symptom burden and first choice of
diagnostic imaging among patients who presented lung cancer
symptoms to their GP in 2012 and 2022.

METHODS
Study samples and logistics
This study utilises data from two nationwide surveys: the Danish
Symptom Cohort (DaSC) study from 2012 and a follow-up and
expansion, the DaSC II study, from 2022, combined with register
data23,24. In each study, a random sample of 100,000 individuals
aged 20 years or over was selected through the Danish Civil
Registration System (CRS) using the unique personal identification
number (CRS number) assigned to each individual living in
Denmark25. The invitees were invited to participate in a survey
about symptoms and healthcare-seeking behaviour by post in
2012 and by digital mail in 2022. Non-respondents received
reminders after fourteen days in 2012, and after an additional
fourteen days they were contacted by phone by a marketing
agency encouraging participation and asking for reasons for non-
participation. In 2022, reminders were sent via digital mail after
seven and fourteen days. Data were collected from June to
December in 2012 and from May to July in 2022. The study
populations and logistics have been described in further detail
elsewhere23,24. Reporting followed the Strobe Checklist for Cohort
Studies.

Setting
The Danish healthcare system is universal and primarily financed
by taxation. More than 98% of all citizens are listed with a general
practice, and GPs serve as gatekeepers who can refer patients to
both out- and inpatient hospital contacts, private practicing
specialists and other healthcare providers, including diagnostic
imaging and cancer diagnostic pathways26. The GPs refer patients
for diagnostic imaging at the hospitals, and the majority of lung
specialists are located at the hospitals, whereas only few private
lung clinics exist27.

Questionnaire development and data
The development of both questionnaires followed the COnsensus-
based Standards for the selection of health Measurement
Instruments (COSMIN)28. Prior to data collection, both question-
naires were pilot tested several times and subsequently field
tested in a random sample, resulting in minor changes in content
and wording. Both questionnaires showed good comprehensi-
bility and content validity. Details of the conceptual frameworks
and questionnaire development are described elsewhere23,24.
In the present study, we included questionnaire data regarding

four predefined lung cancer symptoms: prolonged coughing
( > 4 weeks); dyspnoea; haemoptysis; and prolonged hoarseness
( > 4 weeks). We chose to limit the symptoms to the four
symptoms contained in the Danish lung CCP both before and after
the 2018 revision to ensure comparability11. Further, we included
questionnaire data on smoking status. The wording of each
question is shown in the supplementary materials, Table S1.

Register data
Questionnaire data were linked to register data using the CRS
numbers. Data on sex, age and vital status were obtained from the
Danish Health Data Authority29. Socioeconomic data were
obtained from Statistics Denmark30–32. The variables of interest
were marital status, highest obtained level of education, labour
market affiliation and ethnicity. Details on registers and coding are
provided in the supplementary materials, Table S1.
Data on diagnostic imaging were obtained from the Danish

National Patient Register33 and included CXR (Codes: UXRC and
UXRC00) and CT thorax (Codes: UXCC, UXCC00 and UXCC75). Data
on first choice of imaging, i.e. CXR or CT thorax, were evaluated six
months prior to and post survey data collection, with the median
of the collection periods as index dates. Hence, the time periods of
interest were 1 March 2012 to 28 February 2013 and 1 January
2022 to 31 December 2022, Fig. 1. Details on registers and coding
are provided in the supplementary materials, Table S1.

Study population
Individuals who died or migrated prior to the data collection
period or did not have digital mail were excluded prior to
invitation34. We only included respondents 40 years or older in the
analyses, in accordance with the current Danish lung CCP11, and
applied list-wise deletion of individuals with incomplete ques-
tionnaire data. Individuals who had contacted their GP about at
least one lung cancer symptom were of main interest in the study
population.

Outcome measures
We constructed three outcome measures: 1) Total imaging
including individuals who completed either CXR or CT thorax as
first choice modalities of imaging in the diagnostic course; 2) CXR
as first choice modality, and 3) CT thorax as first choice modality to
enable evaluation of both the absolute number of patients who

DaSC DaSC II
Year 2011 2012 2013 2014-2020 2021 2022
Calendar month 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 ………………… 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Survey data collec�on

Index date for data 
collec�on*

Wash out period

Diagnos�c imaging
* Index date: 2012: September 1st, 2022: June 1st

Fig. 1 Data collection periods and timeframe for the register data.

LMS Sætre et al.

2

npj Primary Care Respiratory Medicine (2025)    59 Published in partnership with Primary Care Respiratory Society UK

1
2
3
4
5
6
7
8
9
0
()
:,;



completed diagnostic imaging and comparison of the first choice
of imaging in 2012 and 2022. We only included one imaging per
patient within the study period, even though some had
completed more. To ensure that the imaging conducted during
these periods was the first imaging procedure in this diagnostic
course, individuals with a registered imaging in a three-month
washout period, prior to the observation period, were excluded,
Fig. 1. For patients who had completed more than one diagnostic
imaging, only the first was included in the analyses. Procedures
that were registered as performed acute were excluded, as these
are related to visits to the emergency department or hospital
admissions35.

Covariates
We calculated the number of symptoms reported by each
individual to evaluate symptom burden. Individuals with missing
socioeconomic data were assigned to the largest group within
each variable. The covariates included were categorised as follows.
Age: 40-54 years; 55-69 years; 70+ years. Smoking status: never –
individuals who never smoked; former – individuals who formerly
smoked; and current – individuals who currently smoke36.
Symptom burden: 0 symptoms; 1 symptom; 2 symptoms; and
≥3 symptoms.

Statistical analyses
Characteristics of the study population were calculated using
descriptive statistics and compared using chi square tests. To
provide an overview of the diagnostic activity, the total number of
individuals who had completed diagnostic imaging and their first-
choice modality was calculated for the study sample, the
respondents, and the study population of main interest: patients
who had contacted their GP about at least one lung cancer
symptom. The remaining analyses were only conducted among
the main study population. We calculated the proportion of
patients who had completed diagnostic imaging and the first
choice of imaging in total and for each covariate. The associations
between sex, age, smoking status, symptom burden and
diagnostic imaging were analysed in uni- and multivariable
logistic regression models. Due to significant differences in the
crude and adjusted results for smoking status, we explored the
potential confounders post hoc by implementing them stepwise

in the multivariable regression model. Further, we tested post hoc
for interaction between smoking status and symptom burden.
Data analyses were conducted using Stata version 18 (Stata-

Corp, College Station, TX, USA). All tests used a significance level of
p < 0.05.

Ethics
The respondents were informed about the purpose and content of
the study, that participation was voluntary and that there would
be no clinical follow-up. They were further instructed to contact
their doctor in case of concern. Respondents had the opportunity
to contact the project group by phone or email if further
clarification was needed. The project was approved by the
Research Ethics Committee at the University of Southern Denmark
(case no. 21/29156) and by the Danish Data Protection Agency
(j.no. 2011-41-6651) through the Research and Innovation
Organisation (RIO), University of Southern Denmark (project
number 10.104).

RESULTS
Of the individuals eligible for invitation, 49,706 (52.2%) and 31,415
(33.9%) answered the questionnaire in 2012 and 2022, respec-
tively; of these, 35,958 and 22,077, respectively, were ≥40 years
old and had answered all questions of relevance, Fig. 2. A total of
5910 (16.4%) and 4883 (22.1%) individuals reported at least one
lung cancer symptom in 2012 and 2022, respectively, and of these
2538 (42.9%) and 2229 (45.6%), respectively, had contacted their
GP, Table 1. Characteristics of the study population are shown in
Table 1.
Table 2 shows the proportion of diagnostic imaging in the

entire study samples, among respondents, and among subsam-
ples. The total proportions of diagnostic imaging were similar in
the two study samples (2012: 5931, 5.9%; 2022: 5412, 5.4%),
among all respondents (2012: 2958, 6.0%; 2022: 2044, 6.5%) and
among respondents ≥40 years (2012: 2568, 7.1%; 2022: 1691,
7.7%). The proportion of diagnostic imaging was higher among
respondents reporting at least one lung cancer symptom (2012:
947, 16%; 2022: 693, 14.2%). The same tendencies were found in
the analyses stratified on first choice of imaging, Table 2.
The proportion of diagnostic imaging among patients who had

presented at least one lung cancer symptom to their GP is shown
in Table 3. A total of 613 (24.2%) and 483 (21.7%) patients had

Fig. 2 Flowchart of the study populations.
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completed diagnostic imaging in 2012 and 2022, respectively. The
proportion of CXR as first choice of imaging was lower in 2022
(332, 14.9%) than in 2012 (552, 21.7%), whereas the proportion of
CT thorax as first choice of imaging was higher in 2022 (151, 6.8%)
than in 2012 (61, 2.4%), Table 3. Likewise, did the proportion of CT
scans among those who completed imaging increase from 10.0 to
31.3% from 2012 to 2022. In general, the proportions of diagnostic
imaging were higher among patients with high age, patients who
had formerly smoked, and patients with high symptom burden in
both 2012 and 2022. For single symptoms, the proportion of
diagnostic imaging was highest for patients reporting haemop-
tysis in both 2012 (16, 69.6%) and 2022 (16, 43.2%), whereas it did
not exceed 27% for the remaining symptoms, Table 3.
Table 4 shows the adjusted associations between patient

characteristics and diagnostic imaging in 2012 and 2022. Patients
who formerly smoked had higher odds of having completed
diagnostic imaging and CXR in 2012 (ORtotal 1.47, 95% CI: 1.08;1.82

and ORCXR 1.48, 95% CI: 1.17;1.88) and in 2022 (ORtotal 1.26, 95% CI:
1.00;1.58 and ORCXR 1.33, 95% CI: 1.02;1.73) compared to patients
who never smoked. No differences in the likelihood of having
completed diagnostic imaging were found between patients who
currently and never smoked, Table 4. In crude analyses, current
smoking increased the odds of having completed diagnostic
imaging (OR2022 1.43, 95% CI 1.21-1.68) as well as CXR (OR2022
1.39, 95% CI 1.13-1.72) and CT thorax (OR2022 1.43, 95% CI 1.11-
1.84) in both 2012 and 2022, Supplementary Table S2. The post
hoc stepwise implementation of potential confounders revealed
that symptom burden significantly confounded the association
between current smoking and diagnostic imaging. No interactions
were found between symptom burden and smoking status.
Patients who reported two lung cancer symptoms were more

likely to have completed diagnostic imaging in 2012 (ORtotal 1.25,
95% CI: 1.01;1.55) and in 2022 (ORtotal 1.26, 95% CI: 1.00;1.58), and
patients reporting three or more symptoms had two and a half

Table 1. Characteristics of the study populations.

Respondents ≥ 40 years old Reported at least one lung cancer
symptom

Contact to the GP about at least
one lung cancer symptom

2012 2022 2012 2022 2012 2022

n (%) n (%) p-valuea n (%) n (%) p-valuea n (%) n (%) p-valuea

Total 35,958
(100.0)

22,077
(100.0)

5910
(100.0)

4883 (100.0) 2538
(100.0)

2229
(100.0)

Sex <0.01 <0.01 <0.01

Females 18,900 (52.6) 12,220 (55.4) 2934 (49.6) 2641 (54.1) 1291 (50.9) 1270 (57.0)

Males 17,058 (47.4) 9857 (44.6) 2976 (50.4) 2242 (45.9) 1247 (49.1) 959 (43.0)

Age groups <0.01 <0.01 <0.01

40-54 years 14,567 (40.5) 6884 (31.2) 1878 (31.8) 1291 (26.4) 628 (24.7) 470 (21.1)

55-69 years 20,156 (56.1) 14023 (63.5) 3687 (62.4) 3293 (67.4) 1728 (68.1) 1583 (71.0)

70+ years 1235 (3.4) 1170 (5.3) 345 (5.8) 299 (6.1) 182 (7.2) 176 (7.9)

Smoking status <0.01 <0.01 0.01

Never 15,063 (41.9) 10,583 (47.9) 1764 (29.8) 1958 (40.1) 771 (30.4) 865 (38.8)

Former 13,389 (37.2) 8486 (38.4) 2229 (37.7) 1986 (40.7) 1119 (44.1) 1010 (45.3)

Current 7506 (20.9) 3008 (13.6) 1917 (32.4) 939 (19.2) 648 (25.5) 354 (15.9)

Symptom burden 0.02 0.02 0.02

0 symptoms 30,048 (83.6) 17,194 (77.9) - - - -

1 symptom 4561 (12.7) 3660 (16.6) 4561 (77.2) 3660 (75.0) 1778 (70.1) 1475 (66.2)

2 symptoms 1133 (3.2) 1041 (4.7) 1133 (19.2) 1041 (21.3) 616 (24.3) 615 (27.6)

≥3 symptoms 216 (0.6) 182 (0.8) 216 (3.7) 182 (3.7) 144 (5.7) 139 (6.2)

Marital status <0.01 <0.01 <0.01

Single/living alone 7951 (22.1) 5923 (26.8) 1683 (28.5) 1497 (30.7) 736 (29.0) 703 (31.5)

Married/cohabiting 28,077 (77.9) 16,154 (73.2) 4227 (71.5) 3386 (69.3) 1802 (71.0) 1526 (68.5)

Highest obtained level of education <0.01 <0.01 <0.01

< 10 years 5037 (14.0) 1748 (7.9) 1163 (19.7) 489 (10.0) 603 (23.8) 283 (12.7)

10-15 years 19,050 (29.6) 11,022 (49.9) 3165 (53.6) 2554 (52.3) 1327 (52.3) 1195 (53.6)

> 15 years 10,651 (29.6) 9307 (42.2) 1582 (26.8) 1840 (37.7) 608 (24.0) 751 (33.7)

Labour market affiliation <0.01 <0.01 <0.01

Working 22,294 (62.0) 12,592 (57.0) 2856 (48.3) 2442 (50.0) 1000 (39.4) 944 (42.4)

Pension 10,651 (29.6) 7295 (33.0) 2281 (38.6) 1792 (36.7) 1168 (46.0) 948 (42.5)

Out of workforce 1475 (4.1) 1232 (5.6) 288 (4.9) 334 (6.8) 127 (5.0) 160 (7.2)

Disability pension 1538 (4.3) 959 4.3) 485 (8.2) 315(6.5) 243 (9.6) 177 (7.9)

Ethnicity <0.01 0.1 0.6

Danish 34,284 (95.3) 20,796 (94.2) 5607 (94.9) 4600 (94.2) 2393 (94.3) 2094 (93.9)

Immigrants/descen-dants
ofimmigrants

1674 (4.7) 1281 (5.8) 303 (5.1) 283 (5.8) 145 (5.7) 135 (6.1)

aTested for difference using Chi Square test, statistically significance level 0.05.
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times higher odds of having completed diagnostic imaging in
2012 (ORtotal 2.66, 95% CI: 1.87;3.80) compared to patients
reporting only a single symptom, Table 4.

DISCUSSION
Main findings
About 24% of those who contacted general practice about lung
cancer symptoms were referred and completed diagnostic
imaging, in terms of CXR or CT thorax in 2012. In 2022, the
proportion of diagnostic imaging was slightly lower (22%). CXR

was the most common first choice of imaging in both years, but
the proportion of patients completing CXR decreased from 22% in
2012 to 15% in 2022, whereas the proportion of patients
completing CT thorax as first choice of imaging increased from
2% in 2012 to 7% in 2022. The percentage of patients who
initiated with a CT thorax out of those who completed a
diagnostic imaging increased from 10% in 2012 to 31% in 2022.
Less than one third of the patients with a smoking history had

completed diagnostic imaging. Noticeably, individuals who
currently smoked did not have higher odds of having completed
diagnostic imaging in either 2012 or 2022. In contrast, individuals

Table 2. Diagnostic evaluation and first choice of imaging in the study samples, among respondents and the study populations.

Study sample Respondents Respondents ≥ 40 years old Reported at least one lung
cancer symptom

2012 2022 2012 2022 2012 2022 2012 2022

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total 100,000(100.0) 100,000(100.0) 49,706(100.0) 31,415(100.0) 35,958(100.0) 22,077(100.0) 5910(100.0) 4883(100.0)

Total imaging 5931(5.9) 5412(5.4) 2958(6.0) 2044(6.5) 2568(7.1) 1691(7.7) 947(16.0) 693(14.2)

Chest X-ray 5001(5.0) 3280(3.3) 2508(5.0) 1233(3.9) 2168(6.0) 1001(4.5) 836(14.1) 460(9.4)

CT of the thorax 930(0.9) 2132(2.1) 450(0.9) 811(2.6) 400(1.1) 690(3.1) 111(1.9) 233(4.8)

Table 3. Proportions of diagnostic evaluation among patients who had contacted their general practitioner (GP) about at least one lung cancer
symptom.

Total imaging First choice of imaging

Chest X-ray CT of the thorax

2012
(N= 2538)

2022
(N= 2229)

2012
(N= 2538)

2022
(N= 2229)

2012
(N= 2538)

2022
(N= 2229)

n (%) n (%) p-valuea n (%) n (%) p-valuea n (%) n (%) p-valuea

Total 613 (24.2) 483 (21.7) <0.01 552 (21.7) 332 (14.9) <0.001 61 (2.4) 151 (6.8) <0.001

Sex 0.05 0.03 0.32

Females 304 (23.5) 268 (21.1) 275 (21.3) 185 (14.6) 29 (2.2) 83 (6.5)

Males 309 (24.8) 215 (22.4) 277 (22.2) 147 (15.3) 32 (2.6) 68 (7.1)

Age groups 0.03 <0.01 0.18

40-54 years 142 (22.6) 81 (17.2) 121 (19.3) 49 (10.4) ≤3 23 (4.9)

55-69 years 521 (30.2) 409 (25.8) 389 (22.5) 252 (15.9) ≤3 114 (7.2)

70+ years 67 (36.8) 62 (35.2) 42 (23.1) 31 (17.6) ≤3 14 (8.0)

Smoking status <0.01 <0.01 0.51

Never 156 (20.2) 163 (18.8) 139 (18.0) 109 (12.6) 18 (2.3) 54 (6.2)

Former 304 (27.2) 244 (24.2) 273 (24.4) 173 (17.1) 30 (2.7) 71 (7.0)

Current 153 (23.6) 76 (21.5) 140 (21.6) 50 (14.1) 15 (2.3) 26 (7.3)

Symptom burden 0.02 0.05 0.56

1 symptom 392 (22.0) 293 (19.9) 350 (19.7) 199 (13.5) 43 (2.4) 94 (6.4)

2 symptoms 161 (26.1) 158 (25.7) 148 (24.0) 115 (18.7) 15 (2.4) 43 (7.0)

≥3 symptoms 60 (41.7) 32 (23.0) 54 (37.5) 18 (12.9) 5 (3.5) 14 (10.1)

Single symptoms

Prolonged
coughing

334 (26.3) 298 (22.9) 0.02 139 (18.0) 109 (12.6) 0.05 20 (1.6) 87 (6.7) <0.01

Dyspnea 415 (25.7) 311 (22.3) 0.25 367 (22.7) 212 (15.2) 0.42 48 (3.0) 99 (7.1) 0.06

Heamoptysis 16 (69.6) 16 (43.2) 0.49 ≤3 9 (24.3) 0.87 ≤3 7 (18.9) 0.66

Prolonged
hoarseness

129 (24.2) 82 (20.7) 0.09 113 (21.2) 52 (13.1) 0.07 16 (3.0) 30 (7.6) 0.31

aTested for difference using Chi Square test, statistically significance level 0.05.
Numbers ≤3 cannot be shown due to Danish Data Legislation.
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who formerly smoked were more likely to have completed
diagnostic imaging compared to individuals who had never
smoked in both cohorts. Higher symptom burden also increased
the odds of having completed diagnostic imaging.

Discussion of the results and comparison with other literature
The slight decrease in the proportion of diagnostic imaging from
2012 to 2022 found in the present study was unexpected and
contrasts with the general national increase in the use of
radiology37. However, more patients who contacted their GP
about lung cancer symptoms had imaging compared to the
general population. The discrepancy between the national
tendencies may be due to differences in methodology. Whereas
the national statistics include all imaging procedures, we
examined the first choice of imaging. Thus, we only included
one imaging per individual within the study period, even though
some had completed more. Furthermore, we only included non-
acute examinations in the present study because we aimed to
explore the diagnostic interval from symptom presentation in
general practice to referral to diagnostic evaluation of potential
lung cancer7.
The 2018 revision of the Danish lung CCP provided GPs with

direct access to referring to CT scans. This revision did not induce
a significantly increased use of scans in our study, which is in line
with the findings by Guldbrandt et al.38. This contradicts previous
theories, which suggests increased referral for diagnostic imaging
by GPs due to diagnostic uncertainties39 and thus leading to
overdiagnosis40. In the present study, a substantial number of
individuals with symptoms, potentially indicative of lung cancer,
did not undergo diagnostic imaging. There are likely several good
explanations for this. For instance, another reason for the
symptom(s) might have been found during the consultation, the
physical examination was normal, or the GP hesitated for other
reasons30. For some of the patients, diagnostic imaging might
though have been relevant. Bradley et al. have suggested that the
gatekeeper system can impede timely referral and risk stratifica-
tion31. Yet increasing referral rates in general for lung cancer
would probably not be beneficial, as the conversion rate is stably
low32 and most early stage cancers are found by coincidence15.
This implies that tools or initiatives capable of improving the

detection rate among GPs and choice of imaging could be
relevant41.
It is emphasised in the Danish lung CCP that suspicion of lung

cancer among high-risk patients should lead to referral to CT
thorax11. However, although the percentage of CT thorax
increased, CXR was still the most common first choice of imaging
in 2022, implying that GPs may not fully comply with the
guideline. This is in line with Wiering et al., who found
inconsistencies in the concordance with cancer guidelines among
GPs in the UK42. The dissemination of the changes in the Danish
lung CCP was limited, but for some GPs, referral to CT scans have
probably become a part of everyday diagnostics, whereas others
may prefer referral to CXR43,44. Implementation may also have
been challenged at the radiology departments, who have
authority to dismiss referrals from general practice. Therefore,
some referrals to CT thorax may have been dismissed ultimately
imposing the GPs to refer to CXR as standard instead. Although
clinical decision making is based on extensive knowledge along
with the patient´s history, clinical and laboratory findings, as
suggested in the hypothetic-deductive approach45, cognitive bias
is unavoidable in everyday clinics. Many clinical decisions are
based on an intuitive process, making it challenging to change
clinical habits46,47. The frequency of contacts to general practice
often increases prior to a cancer diagnosis48, supporting that some
opportunities for diagnosing cancer may be missed. The risk of
biased clinical decision making is higher in primary care, where
patients are undifferentiated and consultation time is often
limited46,49, yet appropriate dissemination of information and
awareness of possible pitfalls may be beneficial in the implemen-
tation of new and the alteration of previous clinical practices50,51.
Harris et al. suggested lack of availability of tests as a limitation

for improving timely diagnosis of cancer52. The CT capacity in
Denmark is high and access to radiology departments is relatively
straightforward, hence it cannot solely explain the results in the
present paper. Some GPs may consider CT scan as an extensive
examination and prefer CXR; others may initiate with CXR and
follow-up with a CT scan44. Some of the CXR may have been
conducted on suspicion of pneumonia. However, for the
prolonged symptoms, infection is less likely, why it seems
reasonable to consider CT thorax relevant. Because we examined
first choice imaging, some, but far from all, of those who

Table 4. Adjusted associations between sex, age, smoking status, symptom burden and diagnostic imaging among patients who presented lung
cancer symptoms in general practice.

Total imaging First choice of imaging

Chest X-ray CT of the thorax

2012 (N= 2538) 2022 (N= 2229) 2012 (N= 2538) 2022 (N= 2229) 2012 (N= 2538) 2022 (N= 2229)

Adj. OR (95% CI) Adj. OR (95% CI) Adj. OR (95% CI) Adj. OR (95% CI) Adj. OR (95% CI) Adj. OR (95% CI)

Sex (ref: females)

Males 1.00(0.83;1.20) 1.00(0.81;1.24) 0.98(0.81;1.20) 0.98(0.77;1.25) 1.11(0.65;1.88) 1.05(0.74;1.48)

Age groups (years)

55-79 years 1.40(1.08;1.82) 1.28(0.94;1.74) 1.22(0.93;1.60) 1.26(0.88;1.81) 4.37(1.65;11.59) 1.23(0.73;2.06)

80+ years 1.29(0.82;2.03) 1.24(0.76;2.02) 1.20(0.75;1.92) 1.21(0.69;2.14) 2.34(0.50;11.05) 1.24(0.56;2.76)

Smoking status (ref: never)

Former 1.47(1.17;1.84) 1.26(1.00;1.58) 1.48(1.17;1.88) 1.33(1.02;1.73) 1.15(0.62;2.13) 1.05(0.72;1.52)

Current 1.23(0.95;1.60) 1.17(0.85;1.61) 1.28(0.98;1.68) 1.09(0.75;1.59) 0.83(0.39;1.76) 1.26(0.76;2.10)

Symptom burden (symptom)

2 symptoms 1.25(1.01;1.55) 1.37(1.10;1.72) 1.30(1.04;1.62) 1.45(1.12;1.87) 0.87(0.46;1.65) 1.10(0.75;1.60)

≥3 symptoms 2.66(1.87;3.80) 1.25(0.82;1.90) 2.58(1.80;3.71) 0.97(0.57;1.64) 1.88(0.77;4.57) 1.74(0.95;3.17)

Adj.=adjusted for sex, age, smoking status, symptom burden, marital status, highest obtained level of education, labour market affiliation, and ethnicity.
OR odds ratio.

LMS Sætre et al.

6

npj Primary Care Respiratory Medicine (2025)    59 Published in partnership with Primary Care Respiratory Society UK



completed CXR as first choice of imaging in our study may
subsequently have completed a CT thorax. One in four to five lung
cancers are undetectable on CXR53,54. Therefore, ruling out lung
cancer based on a CXR might induce a kind of search satisfying
bias46,47 and possibly inhibit the chance of timely diagnosis.
Stratification in general practice is challenging, despite GPs

possessing extensive knowledge about their patients and their risk
profiles. In the present study, less than one third of the patients
with a smoking history had completed diagnostic imaging.
Further, most of those had completed a CXR. The present results
are in line with vignette studies showing that risk profile does not
influence the decision of referral55,56. This is partly in contrast to
Kostopoulou et al., who showed that older age, smoking history
and coughing were associated with a lower chance of missing
relevant referral, whereas breathlessness and non-specific symp-
toms such as loss of appetite and fatigue increased the risk57.
Another considerable factor is pre-existing chronic disease, such
as chronic obstructive pulmonary disease, which has been
emphasised as a delaying factor in both healthcare seeking and
decision of referral58,59.
The slight difference between patients with and without a

smoking history contributes to the discussion on the use of health
resources. Although the CT capacity in Denmark is high, it is not
inexhaustible, and in an overstretched healthcare system
resources must be prioritised16. Bradley et al. concluded that high
specificity and negative predictive values make CXR sufficient to
rule out lung cancer among low-risk patients60. However,
diagnostic imaging is just a snapshot and does not provide long
term guarantees of patients being disease free61. Thus, tools that
can support risk stratification and prioritization in general practice
based on both symptoms and risk factors are warranted. Some
instruments have been developed62, but to our knowledge none
have been fully implemented in general practice. Additionally,
testing for circulating tumour DNA among symptomatic patients
has been found feasible in assisting GPs with their clinical
decision-making and stratification of the diagnostic evaluation of
patients presenting possible symptoms of cancer63, but challenges
still exist and it is still not applicable for implementation.
In the present study, higher symptom burden increased the

likelihood of completing diagnostic imaging and confounded the
influence of smoking status. A reason for this could be that it is
easier for both patients and GPs to dismiss or overlook a single
symptom than multiple symptoms64, and multiple symptoms may
cause more concern and increase the GP’s suspicion of cancer
regardless of smoking status65. Several other factors could also
influence the decision of referral, such as the relation and
communication between GPs and patients as well as the patient’s
wishes or demands regarding diagnostic evaluation21,66. Some
patients may insist on further examination, whereas others find
interaction with the healthcare system difficult or inconvenient,
due to factors such as distance to the hospital, and avoid
contact19, which potentially contributes to the inequities seen in
lung cancer diagnostics and prognoses.

Strengths and limitations
The possibility of investigating diagnostic evaluation among
patients who had contacted their GP about lung cancer symptoms
regardless of whether they had subsequently been diagnosed
with lung cancer is considered a strength of this study. The study
adds to existing evidence on the use of diagnostic imaging and
lung cancer diagnostics by providing insights into the likelihood of
patients being examined when contacting general practice about
lung cancer symptoms and highlights potential improvements.
Further, the results enable discussions about the extent to which
the changes made in the Danish lung CCP in 2018 have been
implemented in clinical practice and add perspectives to the

trends of time with focus on diagnostic uncertainties and timely,
under- and overdiagnosis67,68.
The combined questionnaire and register-based study design

enables investigation of subgroups with different smoking history.
However, the study design also has some limitations. It is not
known what happened during the consultations in general
practice or what led to the decision of whether or not to refer
the patient for diagnostic imaging. We did not have information
on non-imaging procedures performed in general practice, such
as spirometry, blood tests or electrocardiograms, which may have
explained the patients’ symptoms and facilitated treatment in
general practice making diagnostic imaging unnecessary. Further,
we do not know the number of patients who did not complete
diagnostic imaging after they had been referred, as the Danish
registers do not contain information on non-attendance at the
radiology departments. The chosen period for diagnostic imaging
might also be debatable. We do not have a certain link between
the GP contact reported in the questionnaire and the diagnostic
imaging extracted from the registers. However, as some of the
symptoms could have been prolonged and some patients may
have consulted their GP several times before referral48, we chose a
broad time span to ensure the inclusion of all possible relevant
imaging. This may cause an overestimation of the proportion of
diagnostic imaging. On the other hand, we excluded imaging
performed acutely, as it is linked to imaging ordered by the
emergency departments. However, some of the patients who
contacted their GP may have had severe symptoms, thus
prompting the GP to admit the patient immediately. Such cases
have been excluded, which may induce an underestimation of
diagnostic imaging and indicate that the GP did not refer for
diagnostic evaluation even though their actions were clinically
relevant. It is not possible to differentiate between causes of
admission or indications of diagnostic imaging in the registers.
Hence, we do not know whether the CT scans were performed in
the CCP, NS-CCPs or in the third track run, but any of these
pathways would result in diagnostic evaluation. Despite the large
sampling frames, some of the analyses may be underpowered due
to few CT scans, for example, and risk of type II error cannot be
rejected.
The development of the questionnaire followed the COSMIN

taxonomy28, and both questionnaires showed good content
validity and feasibility. The response rates were higher in 2012
than in 2022, likely due to time trends of decreasing participation
in surveys and because the reminder procedures differed
significantly23,24. In both studies, more of the respondents were
female, cohabiting and had higher educational level than the non-
respondents. The differences were more pronounced in 2022 than
in 201224,69. Selection bias cannot be ruled out, but both study
populations comprised individuals of different sexes, ages and
socioeconomic status, enabling the analysis of subgroups. In the
present study, the two study populations were comparable apart
from differences in educational level and smoking status.

IMPLICATIONS
This study indicates that efforts targeting better concordance with
the lung CCP may be beneficial regarding both the timely
diagnosis of lung cancer and prioritisation and stratification in an
overstretched healthcare system with limited resources. Although
studies have shown that many early stage lung cancers are found
by coincidence on imaging conducted for other reasons15,
conducting more examinations is not effective when the
conversion rates are stably low32. Hence, focus should be on
stratifying patients presenting with symptoms and referring for
the most convenient diagnostic imaging, e.g. high-risk patients to
CT thorax, in accordance with the guidelines. Risk stratification
tools developed for use in general practice, or the analysis of
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circulating tumour DNA could be applicable to improve the
chance of timely diagnosis of lung cancer62,63.
The present study indicates that the 2018 version of the Danish

lung cancer guideline is not yet being fully implemented in clinical
practice and emphasises a need to communicate the content of
the cancer guidelines to GPs more explicitly. This could be done
through the systematic education of GPs and staff in general
practice. Furthermore, the radiology departments may also play an
important role, as the radiologist could change the choice of
imaging from CXR to CT thorax, and vice versa, when considered
relevant44.

CONCLUSION
The proportion of diagnostic imaging among patients who had
presented lung cancer symptoms to their GP was slightly lower in
2022 (22%) than in 2012 (24%). CXR remained the most common
imaging, even though the proportion decreased over the
decade. The proportion of patients completing CT thorax as
first choice of imaging almost tripled from 2012 to 2022, but
only 7% of the patients who had presented lung cancer
symptoms in general practice had completed a CT thorax in
2022. A former smoking history and higher symptom burden
was associated with higher likelihood of having completed
diagnostic imaging, whereas current smoking did not alter
the likelihood of having completed diagnostic imaging, as
hypothesised.
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