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Incidental pulmonary nodules may lead to a high proportion of early-stage lung 
cancer: but it requires more than a high CT volume to achieve this
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ABSTRACT
Background: The management of pulmonary nodules plays a critical role in early detection of 
lung cancer. Computed tomography (CT) has led to a stage-shift towards early-stage lung cancer, 
but regional differences in survival rates have been reported in Denmark. This study aimed to 
evaluate whether variations in nodule management among Danish health regions contributed to 
these differences.
Material and Methods: The Danish Health Data Authority and Danish Lung Cancer Registry 
provided data on CT usage and lung cancer stage distribution, respectively. Auditing of lung cancer 
stage IA patient referrals and nodule management of stage IV lung cancer patients was conducted 
in seven Danish lung cancer investigation centers, covering four of the five Danish health regions. 
CT scans were performed up to 2 years before the patients’ diagnosis from 2019 to 2021.
Results: CT usage has increased steadily in Denmark over the past decade, with a simultaneous 
increase in the proportion of early-stage lung cancers, particularly stage IA. However, one Danish 
health region, Region Zealand, exhibited lower rates of early-stage lung cancer and overall 
survival despite a CT usage roughly similar to that of the other health regions. The audit did 
not find significant differences in pulmonary nodule management or a higher number of missed 
nodules by radiologists in this region compared to others.
Conclusion: This study suggests that a high CT scan volume alone is not sufficient for the early 
detection of lung cancer. Factors beyond hospital management practices, such as patient-related 
delays in socioeconomically disadvantaged areas, may contribute to regional differences in 
survival rates. This has implications for future strategies for reducing these differences.
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Background

Pulmonary nodules are small, rounded opacities within 
the lung interstitium with a size between 4 and 30 mm. 
They are often detected incidentally during imaging 
examination such as chest X-ray or computed tomo-
graphy (CT) scans [1,2]. Most pulmonary nodules are 
benign and are often due to infection, scaring or auto-
immune diseases, however, some represent early-stage 
lung cancer [3]. Early detection and management of 
pulmonary nodules thus play a crucial role in the early 
diagnosis and treatment of lung cancer [4].

Screening for lung cancer with low-dose CT is 
offered for a high-risk population of current and pre-
vious smokers in the US [5], while the majority of 
European countries do not have a full-scale lung cancer 
screening program [6,7]. The implementation of CT 
screening in the US has led to an increase in the 
proportion of stage I lung cancer [8,9]; however, 
some non-screening countries have also reported an 
uptick in early-stage lung cancer cases [10–12]. This 
has been speculated to be linked to the globally 
increased use of CT scans and subsequent detection 
and management of incidental pulmonary nodules 
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(IPNs) [13,14]. The management of IPNs is 
a significant challenge for clinicians, as they need to 
differentiate between benign and malignant nodules 
[15], which often requires follow-up CT scans, supple-
mentary imaging with positron-emission-tomography 
CT (PET-CT) or invasive procedures. Additionally, the 
failure to detect pulmonary nodules can result in miss-
ing a valuable opportunity to diagnose lung cancer at 
an early, resectable stage [10].

The 5-year survival rate for lung cancer varies by 
country and is typically in the range of 15–25% [16]. 
However, the 5-year survival rate in Japan is 32.9%, 
which can be attributed to a favorable stage distribu-
tion, with 36.7% of lung cancer cases being diagnosed 
at stage I [16]. Moreover, with a significant number of 
CT scans conducted in Japan (235 per 1,000 inhabi-
tants) [17], there is a high likelihood of a causal rela-
tionship. However, in a prior investigation that 
compared the five regions of Denmark, it was revealed 
that only three out of the five regions displayed 
a distinct association between the proportion of stage 
IA lung cancer and number of chest CT per 1,000 
inhabitants [10].

In Denmark, a significant variation in lung cancer 
stage distribution and survival has been observed 
among the five Danish health regions [18]. We 
hypothesized that regional differences in the in- 
hospital management of nodules might explain the 
observed variations in proportion of lung cancers 
found in early stages and in the survival rates.

Material and methods

Auditing

This retrospective study aimed to examine the manage-
ment of any pulmonary nodules in the preceding 2 
years before patients were diagnosed with stage IV 
lung cancer, as well as the referral pattern for CT 
scans that lead to diagnosis of stage IA lung cancer in 
seven respiratory departments across Denmark specia-
lized in workup of suspected cancer as well as the 
management of pulmonary nodules.

Information regarding the yearly usage of CT scans 
in Denmark was obtained from the Danish Health Data 
Authority, while details about the stage distribution 
and survival rates of lung cancer patients in Denmark 
were extracted from the Danish Lung Cancer 
Registry [18].

Clinical auditing was performed in the following 
seven lung cancer investigation sites: Aalborg 
University Hospital (North Denmark Region), Aarhus 
University Hospital and Gødstrup Hospital (Central 

Denmark Region), Lillebælt Hospital Vejle and 
Odense University Hospital (Region of Southern 
Denmark), Zealand University Hospital Roskilde and 
Næstved (Region Zealand).

During the auditing of patients who were diagnosed 
with stage IA lung cancer between 2019 and 2021, the 
cause for referral for CT was documented in order to 
assess whether the early-stage lung cancer was identi-
fied incidentally or because of a suspicion of lung 
cancer.

As part of the auditing process for patients with 
stage IV lung cancer diagnosed between 2019 and 
2021, CT scans visualizing parts or the entire thorax 
and conducted up to 2 years before the diagnosis was 
reviewed. The review aimed to determine if the CT 
descriptions mentioned any nodules or infiltrates, 
whether these were localized at the same site and likely 
had progressed to stage IV lung cancer, and if appro-
priate follow-up procedures had been conducted. 
Nodules less than 6 mm were not deemed inappropri-
ately monitored. Furthermore, if nodules or infiltrates 
were not mentioned in the description, the CT scan 
was reviewed to see if any nodules or infiltrates had 
been missed or ignored in the examination. 
Experienced invasive pulmonologists were responsible 
for reviewing the CT scans.

Statistics

The clinical auditing data was gathered through 
REDCap [19], while lung cancer stage and CT usage 
information was compiled and analyzed using 
Microsoft Excel version 16.71. Statistical tests for dif-
ferences in proportions were done in Stata 17.0 BE 
(StataCorp, 4905 Lakeway Drive, College Station, 
Texas).

Ethics

The hospital administrations granted permission to 
conduct an audit of patient charts and CT scans as 
part of a quality improvement study. The Danish 
Health Data Authority provides publicly available 
information on CT scans, while the Danish Lung 
Cancer Registry also makes its information accessible 
to the public in yearly reports [18].

Results

Background for the audit

The usage of chest CT increased steadily in Denmark 
with 112% from 2011 to 2021 (Figure 1a). The slight 
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decrease between 2015 and 2016 was attributed to the 
introduction of new radiological and clinical IT systems 
that temporarily reduced CT capacity. The proportion of 
stage I-II lung cancer increased steadily throughout the 
period (Figure 1b) primarily due to increase in stage IA 
(Figure 1c). However, the proportion of stage IA lung 
cancer varied considerably and significantly between the 
five Danish health regions (Figure 2a) with stage IA rate 
in Region Zealand roughly 50% of that in Central 
Denmark Region, Capitol Region and Region of 
Southern Denmark. Chest CT use correlates with stage 
IA rate in the Central Denmark Region but not in Region 
Zealand (Figure 2b). The correlations in the other 
regions have been described previously [10]. The 5-year 
over-all survival rates after the diagnosis of lung cancer 
(all stages) were significantly lower in Region Zealand 
than in other regions, reflecting the less favorable stage 
distribution (Figure 2c).

Audit of stage IA lung cancers: incidental finding

In total, 1464 patient files and CT scans were reviewed, 
and a mean of 87.4% (between-site range 76.0–94.3%) 

of stage I lung cancers were discovered incidentally on 
CT for other reasons than suspicion of lung cancer, 
such as suspicion of pulmonary embolism, staging or 
follow-up of other solid cancers, cardiac CT, or 
abdominal CT for gastrointestinal symptoms.

Audit of stage IV lung cancer: missed nodules

Medical files and CT scans from a total of 4066 patients 
diagnosed with stage IV lung cancer were reviewed 
(Table 1). A total of 14% (552 patients) had undergone 
a partial or complete chest CT within 2 years prior to 
diagnosis. In Region Zealand, this prevalence was sig-
nificantly lower compared to the other regions (9.3% 
vs. 15.5%, p < 0.001). Of the 552 patients, 245 had an 
incidental nodule described in their CT scan. Among 
these cases, 64% of patients received adequate follow- 
up CT scans for the incidental nodules, but still devel-
oped stage IV lung cancer, while in 36% (between-site 
range 11.1–70.4%) of cases, the incidental nodule was 
inappropriately monitored with only insignificant dif-
ference between Region Zealand and other regions 
(38.6% vs. 34.9%, p = 0.58).

Figure 1. a. Increase in chest CT in Denmark between 2011 and 2021. b. Increase in proportion of stage I-II in Denmark between 
2011 and 2021 para. c. Development in proportion of stages IA to IIB among Danish patients diagnosed with lung cancer between 
2015 and 2021.
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Figure 2. a. Proportion of stage IA lung cancer in Danish regions 2021. b. Correlation between proportion of stage IA lung cancer 
and chest CT per 1,000 inhabitants. c. All-cause survival rates of Danish lung cancer patients across all stages from 2016–2021.
Kaplan–Meier survival estimates 
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In 307 patients with a CT scan within 2 years 
prior to their lung cancer diagnosis, no pulmonary 
nodules were mentioned in the radiologist’s report 
(Table 2). However, upon reviewing these CT scans, 
for 42 patients (mean 14%, between-site range 4– 
24%) we found nodules at the same location where 
stage IV lung cancer later developed. Again, the 
prevalence in Region Zealand differed only insignif-
icantly from other regions (6.8% vs. 7.8%, p = 0.70).

Discussion

CT usage and lung cancer stage distribution

According to the study, CT usage has steadily increased 
in Denmark during the past decade, and there has been 
a corresponding increase in stage I-II lung cancer 
which is largely attributable to an increase in the num-
ber of stage IA lung cancer. While there is generally 
a close correlation between CT usage and the propor-
tion of early-stage lung cancer, this is not always true. 
In Region Zealand, this correlation was not observed, 
despite CT usage being largely comparable to the other 
regions.

As previously found, the majority of early-stage lung 
cancer is diagnosed as the result of the incidental 

discovery of pulmonary nodules [20]. Hence, given 
that Region Zealand has lower rates of early-stage 
lung cancer and lower overall survival compared to 
other Danish regions, the absence of a correlation 
between CT usage and the proportion of early-stage 
lung cancers could lead to the hypothesis that lack of 
identification and/or monitoring of IPNs (representing 
small, early-stage lung cancers) led to a less favorable 
stage distribution with poorer prognosis and survival 
rates.

Auditing results

The hypothesis could not be substantiated in the current 
study, making it more likely that the reason for the less 
favorable stage distribution and lower survival rates of 
lung cancer patients in Region Zealand is not related to 
different hospital management practices across regions, 
but rather to regional differences in pre-hospital delays 
corresponding to the significantly lower proportion of 
stage IV patients with a prior CT scan in Region Zealand 
compared with the other hospitals. Previous studies 
have found substantial patient-related delays with 
a mean of 188 days [21,22]. As much as 38.8% of patients 
felt they had delayed lung cancer investigation, and the 

Table 1. Audit of stage IV lung cancer: follow-up of nodules.

Hospital
Patients 

reviewed
Percentage with CT within 2  

years before diagnosis

Nodule 
described on 

CT
Percentage nodules 

with follow-up
Nodules likely progressed to 

stage IV lung cancer

Region North
Aalborg 736 11% 27 30% 23
Central Denmark Region
Aarhus 571 16% 45 89% 45
Gødstrup 365 22% 34 59% 31
Region of Southern Denmark
Vejle 695 15% 42 67% 36
Odense 427 18% 27 67% 26
Region Zealand
Roskilde 610 8% 21 76% 16
Næstved 662 11% 49 55% 33
All sites 4066 14% 245 64% 210

Table 2. Audit of stage IV lung cancer: missed nodules.

Hospital
Nodules not mentioned 

in CT report
Nodule seen at review that progressed 

to stage IV lung cancer
Percentage CT scans with undescribed nodules 

progressing to stage IV lung cancer

Region North
Aalborg 54 9 17%
Central Denmark Region
Aarhus 48 9 19%
Gødstrup 48 4 8%
Region of Southern Denmark
Vejle 60 10 17%
Odense 49 2 4%
Region Zealand
Roskilde 27 3 11%
Næstved 21 5 24%
All sites 307 42 14%
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major reasons for delay were denial, anxiety, and non- 
recognition of symptoms. This delay might be more 
pronounced among residents in Region Zealand when 
compared with the national average, given the region’s 
general association with a lower socioeconomic status 
compared to other regions [23]. Improved awareness 
campaigns have showed short-term benefits [24,25], 
indicating that addressing these factors could be 
achieved through campaigns. The significance of such 
initiatives is underscored by the fact that the prognosis 
of patients receiving curative treatment worsens with 
delay [26,27]. Apart from the aforementioned direct 
patient related delays, a sparse coverage with general 
practitioners in areas of Region Zealand may also con-
tribute to a delay from the first symptoms are felt and 
until a doctor is consulted.

Upon reviewing Table 1, it is evident that each of 
the audited hospitals has the potential to enhance its 
ability to detect early-stage lung cancer. All hospitals 
have a number of stage IV lung cancer cases that could 
possibly have been identified at an earlier stage. 
A comprehensive analysis of the current data indicates 
that certain nodules are noted by the radiologists in the 
description of the CT scan, but no direct recommenda-
tions are made for follow-up or further investigation 
for lung cancer, potentially because the radiologists 
expect the clinicians requesting the CT scan to react 
alone on the noting of a pulmonary nodule, or they do 
not deem the nodule suspicious of lung cancer. In 
instances where radiologists do suggest follow-up or 
investigation for lung cancer, clinicians may not carry 
out the recommendations. Therefore, it is crucial to 
establish clear management protocols for each hospital. 
In a previous study, a multifaceted communication 
system was implemented to ensure nodule follow-up, 
resulting in a significant increase in follow-up rates 
from 26.5% to 59.7% [28]. In another study, the hospi-
tal implemented a system using standardized language 
(tracker phrases) recommending time-based follow-up 
in chest CT reports, coupled with a computerized reg-
istry. This resulted in an increase in timely follow-up 
from 46% to 55% [29].

Despite being enrolled in a follow-up program, 
a small proportion of patients still develop stage IV 
lung cancer. Upon scrutinizing these cases, it becomes 
evident that most of these patients exhibit several infil-
trates, with the majority of them being infectious in 
nature. A subsequent CT scan conducted 6–12 weeks 
later may then reveal that the patients indeed have 
stage IV lung cancer. Therefore, it is highly probable 
that the patient had already progressed to this stage at 
the time of the primary CT scan, and it was therefore 
not feasible to detect the cancer at an earlier stage.

It is a well-established fact that radiologists occasion-
ally overlook pulmonary nodules even in the setting of 
screening for lung cancer. However, the rate heavily relies 
on size of the nodule, use of second reader and access to 
maximum intensity projection (MIP) at the radiological 
department [30–32]. Research has shown that detecting 
nodules adjacent to branching vessels and the posterior 
mediastinum can be particularly challenging [33]. 
Nonetheless, providing nodule-specific training for radi-
ologists can enhance their detection rates, as demon-
strated in previous studies [33]. Computer-aided 
assistance may also very well prove to be part of the 
solution, possibly as a first or second reader of CT 
scans. In a recent study, the artificial intelligence software 
was able to outperform four out of five radiologists and 
drastically diminish the radiologists’ workload, although 
the positive misclassification rate was higher in the arti-
ficial intelligence assessment [34].

Strengths and weaknesses

While medical chart audits can provide valuable insights 
into clinical practice, it is essential to recognize their 
limitations and potential biases in interpreting the find-
ings. The accuracy of data recorded in charts is dependent 
on the quality of the information provided by the clin-
icians, which may affect the evaluation of the referral 
patterns for CT scans detecting stage IA lung cancer. In 
some instances, the referring clinician may have sus-
pected lung cancer but failed to document it in the 
referral, leading to potential inaccuracies in the data.

The audit involving stage IV patients aimed to evaluate 
whether previously identified pulmonary nodules or infil-
trates were probable origins of subsequently diagnosed 
stage IV lung cancer. This involved a subjective retro-
spective assessment relying on the matching location of 
the pulmonary nodule or infiltrate with the primary 
tumor of the later diagnosed stage IV lung cancer. 
Additionally, the interpretation of CT referrals and 
scans by various reviewers at participating sites may result 
in inter-observer variability. Nevertheless, the study’s 
major strength is its coverage of seven sites in four out 
of five Danish health regions. Thus, making it possible to 
investigate the factors contributing to Region Zealand’s 
notable distinction in lung cancer mortality and propor-
tion of early-stage lung cancer by making comparisons 
with the other sites examined in this study.

Conclusions

In conclusion, this audit falsified our hypothesis 
that poorer monitoring of nodules explained the 
significant regional variations in both proportion 
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of lung cancers found in early stages and in survival 
rates. The study supports the presence of important 
non-hospital factors (beyond CT capacity and 
nodule management) responsible for early lung can-
cer detection, such as patient-related delays or poor 
access to primary health care in socioeconomically 
disadvantaged areas, which again has important 
implications with regard to strategies for alleviating 
the unfavorable stage distribution in Region Zealand 
and thus underlining the importance of conducting 
audits like the current. Ensuring the timely follow- 
up of IPNs is important for early detection of lung 
cancer. However, to achieve this, it is imperative to 
allocate the required resources for the interpretation 
of CT’s and management of follow-up programs.
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