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Highlights: 

 Two thirds of Danish stage I lung cancer patients are surgically treated. 

 Differences in outcome according to curative treatment were due to age and performance status. 

 Treatment registration in the Danish Lung Cancer Registry can be improved 

 Histology, high-risk alcohol and comorbidity were associated with not undergoing treatment. 

 

Abstract:  

Background: Stage I lung cancer is curable with surgery as the treatment of choice. Other effective and  

curative treatments exist. Nevertheless, some patients only receive palliative treatment and some receive no 

treatment at all. Materials and Methods: Using the Danish Lung Cancer Registry (DLCR), we assessed 

treatment distribution for a population-based Danish cohort of stage I lung cancer patients diagnosed from 

2011-2014. We assessed one-year mortality according to treatment. Furthermore, in a nested case-control 

study based on data from medical records, we assessed the reason for not undergoing treatment among 

patients in favourable performance status (PS) with no treatment registration in the DLCR. Results: We 

identified 2985 patients, 68% (n=2021) were treated surgically and 17% (n=508) were managed with 

curative oncological therapy. The unadjusted odds ratio (OR) for death within one year was 2.5 (95% CI, 1.8 

- 3.3) for the oncologically managed vs. the surgically treated. After adjusting for age, lung function and PS, 

the OR was 1.2 (95% CI, 0.8-1.9).  

Among 129 patients with a PS of 0-1 and no treatment registration, we established the reason for not 

undergoing treatment in 122 (95%). The majority (70 %) were misclassified and did either not have lung 

cancer, had more advanced disease or were curatively treated. The 36 (30%) patients that did not undergo 

treatment,  had a lower prevalence of adenocarcinomas (17 vs. 51%, p=0.003), more  comorbidites (median 

Charlson comorbidity index score 2 vs. 1, p<0.001) and high alcohol intake (19 vs. 7%, p=0.04) as compared 

to surgically treated controls. The primary reasons for no treatment were; comorbidity, patient decision and 
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disease progression. Conclusion: Difference in outcome between the two major treatment groups was 

confounded by age, lung function and PS. Comorbidity, high alcohol intake and histology were associated 

with not undergoing curative treatment in spite of a favourable PS.    

 

Background 

Lung cancer is globally the most common cause of cancer related death1. Compared to other developed 

countries, mortality rates among Danish lung cancer patients have historically been high2. Stage at 

diagnosis is the most significant prognostic factor, and serves as a proxy for disease burden and as a 

treatment indicator3–5. Under consideration of their general condition, it is pivotal for the prognosis that 

the patients receive the most effective and safest treatment modality 6,7. For early stage lung cancer, 

several treatment options exist and surgery is associated with the most favourable outcome8,9. However, 

stereotactic body radiotherapy is an effective alternative, particularly for patients that are medically unfit 

for surgery10,11. More recently, radiofrequency ablation (RFA) and microwave therapy (MWA) have been 

suggested as treatment options12,13. After staging, patient-specific factors as age, physical performance and 

burden of comorbidity including lung function need to be considered in the evaluation of the patient’s 

ability to tolerate the treatment modality of choice14,15.    

In a population-based cohort of recently diagnosed clinical stage I patients identified through the Danish 

Lung Cancer Registry (DLCR), we aimed to establish treatment patterns and the corresponding association 

with one-year mortality. Furthermore, by adding data from patients’ medical records, we aimed to explore 

why patients with a Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or I and no 

treatment registration, did not undergo treatment for their lung cancer, while exploring factors related to 

not undergoing treatment.  
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Material and methods 

Data sources for the present study were the Danish Lung Cancer Registry (DLCR) and medical records. The 

DLCR has since year 2000 collected data regarding tumour, patient characteristics and treatment details 

reported to the registry by the departments involved with primary care of lung cancer patients16. DLCR has 

a completeness of more than 95%. Via the DLCR, we identified all patients diagnosed with stage I lung 

cancer from 2011 - 2014. For this cohort of patients, we assessed the one-year mortality according to 

treatment modality as registered in the DLCR.  

Patients who according to the DLCR had no treatment registration and a PS of 0 or 1 (cases, no treatment 

group), were matched with three controls according to age, gender and PS that had been surgically treated. 

In order to obtain more detailed data than can be retrieved from the DLCR regarding patient characteristics 

and treatment details, we retrieved a copy of the medical records from both the no treatment group and 

the matched controls. 

Study variables: 

In the comparison of the entire cohort according to treatment, differences in mean age, female/male ratio 

and lung function, defined as forced expiratory volume (liters) in one second (FEV1) and performance 

status and one-year mortality were assessed. There are four main treatment categories in the DLCR: 

Surgical treatment, curative oncological treatment (including stereotactic body radiotherapy, conventional 

external beam radiotherapy and concomitant chemo- radiotherapy), palliative treatment and no treatment. 

Additionally, two categories related to the treatment registration include adjuvant and neoadjuvant 

treatment also exist.  

For patients with no treatment registration in the DLCR, information from the medical records was used to 

establish the reason for not undergoing curative treatment. This was categorized into either patient 

decision, due to comorbidity, death prior to treatment or other reasons. Given the potential for 

misclassification in the DLCR, we also registered whether the patient actually had stage I lung cancer. If the 
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patient had in fact been treated, we registered the type of treatment and whether the treatment had been 

with curative intent. In case of incorrect stage or disease classification, we did not assess the treatment 

details. 

Based on data from the medical records, we assessed the overall burden of somatic comorbidity by using 

the Charlson comorbidity index17, nutritional status, smoking and alcohol drinking habits. We also 

registered which diagnostic tests were performed during the diagnostic work-up. 

Statistical analyses: 

Two-sample tests of proportions, Pearson chi squared distributions and Fischer’s exact test were used for 

descriptive statistics as stated. Age means according to treatment groups were compared by the student’s 

t-test, if data were assumed as normally distributed based on Q-Q plots. Differences in FEV1 and CCI were 

assessed by using the Mann-Whitney U-test. 

Comparative analyses of the association between treatment modality and one-year mortality were 

performed in both an adjusted and unadjusted logistic regression model. The multivariate model was 

adjusted for age and FEV1 as continuous variables and PS as a categorical variable.  

Results    

Treatment registration and early death 

In the DLCR cohort, 2985 patients were registered with stage I lung cancer from 2011 - 14. The mean age 

was 69.3 years, 55% were female and the one-year mortality was 13%. Main results regarding treatment 

distributions are given in figure I. The majority (2529, 85%) received therapy with curative intent, 68 % 

(n=2021) were surgically treated and 17% received curative oncological therapy. However, there was a 

significant difference in overall one-year mortality between the two treatment modalities, corresponding to 

an unadjusted odds ratio (OR) for death within the first year in the oncological vs. the surgical group of 2.5 

(95% CI, 1.8 - 3.3). Given the significant differences in age and distribution of PS, we adjusted for these, 
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which resulted an adjusted OR of 1.2 (95% CI, 0.8-1.9). In the comparison of palliative vs. curative oncologic 

therapy, the unadjusted OR for death within the first year was 3.1 (95% CI, 2.0-4.6). 

Treatment misclassification 

Among the patients with no registration of treatment, 64 patients had a PS=0 and 65 had a PS=1, and 

should thus have been potential candidates for curative therapy (figure I). We were able to retrieve the 

medical records of 122 (95%) of these 129 patients for further review. As seen in table I, 86 (70 %) were 

misclassified and 57 (46%) of the patients with no treatment registration had in fact been curatively 

treated. The most frequent treatment modalities were surgery or curatively intended oncologic treatment. 

Of the nine patients that had another cancer than lung cancer, eight (89%) had malignant mesothelioma. 

None of the 108 surgically treated controls were misclassified. 

Non-treated vs matched surgically treated 

Thirty-six patients (30%) of the 122 stage I patients with no treatment registration that were included in the 

review of medical records, were correctly registered as not having received treatment (table II). These 

patients thus constituted 1.2% of the DLCR entire cohort. The primary cause for no treatment was 

comorbidity in 16 cases (44%), patient’s decision in 10 cases (28%), disease progression in four cases (11%), 

death before treatment in three cases (8%), and tumour location, high PS at time of treatment, or unknown 

reason respectively in one case each (3%, 3%, 3% respectively). As seen in table II, patients that did not 

receive treatment generally had a higher burden of comorbidity, more frequently had high-risk alcohol 

intake, and fewer had PET scans performed as part of their diagnostic work up. There were significant 

differences in the distribution of histologic subtypes as compared to the surgically treated controls. 

Histologic subtypes according to reason for not undergoing treatment are provided in table III. Due to small 

numbers no conclusions can be drawn from the data (Fischer’s exact p-value=0.42). 

We conducted a subgroup analysis of the 16 patients who were not treated due to comorbidity. The mean 

age was 71.4 years, 69% were male and the median CCI score was 4.5 (range 1-9) vs. 1 (range 0-4) among 
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the surgically treated controls (p=0.0001). The primary type of comorbidity related to no treatment was 

another cancer (n=8), severely reduced lung function (n=6) and physical inability to cooperate to 

radiotherapy (n=2).  

For the 10 patients who declined treatment, the mean age was 75.5 years (range 55-84), 40% were male 

and the mean CCI was 2.1 vs. 1.3 among their matched controls (P=0.12). 

Discussion 

According to the DLCR, 85% of Danish stage I lung cancer patients diagnosed from 2011 to 2014 were 

curatively treated. Surgery was associated with the best short-term prognosis, probably due to both an 

effective treatment modality and selection of younger patients with a good lung function and a favourable 

performance status into this treatment group. The weakened association between the surgical and 

oncological treatment and one-year mortality in the adjusted analysis supports this mechanism, and is in 

accordance with the findings of several other retrospective studies as concluded in a review by Shultz et 

al18. Not surprisingly, the palliative group had significantly higher one-year mortality as compared to the 

group that received curatively intended oncologic therapy.  

We retrieved additional information regarding patients that based on performance status were a priori 

candidates for curative therapy, but had no treatment registration and found that the majority of these 

patients were misclassified. Consequently, we identified an additional 57 patients (2% of all stage I 

patients) that received curatively intended therapy. A subgroup of the curatively treated patients received 

either radio frequency ablation or microwave therapy and at time for entry into the DLCR, there was no 

registration code for these procedures, which explains our findings regarding these patients. Concerning 

misclassified patients, there was no obvious reason for misclassification. Thus, simply failing to report 

treatment details to the DLCR, correcting or informing the DLCR about patients who were initially 

wrongfully suspected of having lung cancer but were later found to have another disease (mesothelioma) 

are the most feasible explanations. This study was not designed to assess the overall data validity of the 
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DLCR and the overall rate of misclassification. We have reported the types of misclassification encountered 

in a highly selected group of patients, with opposing registrations of PS and treatment. Furthermore, 

among the 108 matched controls, none were misclassified, thus the overall rate of misclassification in the 

DLCR is arguably much lower. 

In general, fewer diagnostic procedures were undertaken among the non-treated patients as compared to 

the surgically treated controls. Albeit only reaching statistical significance in terms of PET-scans, this 

association is in accordance with the Danish lung cancer guidelines that recommend that a PET scan should 

be undertaken if the patient is a candidate for curative therapy. Hence curability may have been 

questioned in these patients already during the staging phase. Furthermore, there was a significant 

difference in burden of comorbidity between the no-treatment group and the controls. Limited utilization 

of diagnostic procedures and comorbidity has to our knowledge not been studied in depth, however a 

retrospective cohort study of several cancers including 14,096 patients by Gurney et al. found that a high 

burden of comorbidity was associated with not receiving a final stage designation19. Furthermore, the CCI 

has in addition to being a validated prognostic marker20,21 also been found to be a predictor for receiving 

guideline-consistent treatment22,23, which our findings support. In addition to the CCI, we specifically 

assessed the reason for not undergoing treatment. The primary non-malignant disease relating to not 

receiving curative treatment was severe COPD, which has been linked to an adverse outcome in surgically 

lung cancer patients24. For patients who had another cancer, the primary reasons for not undergoing 

treatment for the lung cancer were either dissemination of or severe treatment complications to the 

second cancer, and probably merely reflect a prioritized and individually assessed order of treatments.  

A history of high-risk alcohol intake and cigarette smoking were also associated with not being treated. Our 

findings corroborate those of other studies of surgically treated patients where high alcohol intake was 

adversely related to outcome25,26. Furthermore, our findings regarding alcohol and smoking could also 

indirectly reflect a lower socioeconomic position among patients not treated27,28 or even point to a causal 
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link between low socioeconomic position and treatment refusal, which for instance was observed in a 

retrospective cohort study by Na Suh et al. where age, stage, sociodemographic factors and performance 

status were significant predictors of treatment refusal among 617 lung cancer patients29. In our stage - and 

performance status-restricted study, only 10 patients declined treatment and these patients tended to be 

older than those who did not receive treatment for other causes, but the burden of comorbidity was not 

significantly higher than their age, gender and performance status-matched controls.  

Furthermore, we saw a significant difference in the distribution of histologic subtypes among the non-

treated patients. Due to the limited diagnostic work-up in the no-treatment group, the proportion of 

patients with unknown histology was expectedly higher. In terms of the predominantly non-

adenocarcinoma histology associated with not undergoing treatment, our findings are in accordance with a 

register-based study of 190,539 non-treated advanced-stage lung cancer patients30. However, due to the 

limited size of our study population our findings do not readily point to any specific causality and larger 

studies are needed in order to address these findings further. 

Among the oncologically treated, patients that were treated with palliative intent were slightly older than 

those who were treated with curative intent, but they had similar distribution in terms of PS. Further 

studies should be undertaken in order to address the reasons for not receiving curative therapy. 

Strengths and limitations 

We assessed the treatment patterns among recently diagnosed stage I lung cancer patients in a population-

based setting. For the subgroup of patients with no registration of treatment, we validated the register-

based data with highly detailed data from the medical records for both the cases and controls, thus 

avoiding the inherent risk of selection and information bias associated with case-control studies.  

Limitations to our study apply. The majority of the patients with no registration of treatment were 

misclassified, thus reducing the size of the study population and the power to identify significant 

associations. Having based our study population on stage I patients alone, makes comparisons to otherwise 
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similar studies difficult. A few patients had a PS of 5 (dead), thus performance status could have been 

reported to the DLCR at different times during the course of disease. We did not have data on 

socioeconomic factors (civil status, education and household income) and CCI for the entire DLCR cohort 

and including these could have provided further information. However these factors may be of less 

significance in a Danish setting, where access to health care is free of charge due to the tax financed health 

care system. We did not have data regarding comorbidity (CCI) for the entire cohort, but only for the 

subgroup of patients subjected to review of medical records. The CCI-score, smoking and drinking habits 

were based on data from the medical records without validation, facilitating a potential for misclassification 

regarding these variables. We believe however, that this potential misclassification bias is non-differential 

and have not affected the direction of the observed associations. 

Conclusion 

Differences in one-year mortality between surgically and curative oncologic therapy were mainly driven by 

differences in age and performance status between the two treatment groups. The majority of stage I lung 

cancer patients in a favourable performance status who had no registration of treatment were misclassified 

and either did in fact receive curative treatment, did not have lung cancer or had a higher stage than what 

was registered. Only 1.2% did not undergo treatment, the primary reasons for not receiving treatment 

included comorbidity and patient decision. Compared to the surgically treated patients, high-risk alcohol 

intake, smoking and non-adenocarcinoma histology were associated with not undergoing treatment. 

Whether the treatment distribution and proportion of non-treated are in line with those of other countries 

with similar health-care systems and/or better one-year mortality needs to be confirmed in future 

comparative studies.  
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Figure I. Treatment patterns of clinical stage I lung cancer patients diagnosed from 2011-2014 in Denmark 

Legend: Mean age in years. FEV1: forced expiratory volume (liters) in one second. PS: performance status. 

Differences in age means by student’s t-test. Differences in FEV1 By Mann Whitney U-test gender, 

performance status and one-year mortality by chi-squared 
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Table I. Type of misclassification among 86 patients registered in the Danish Lung Cancer Register as 

diagnosed with stage I lung cancer, performance status 0-1 and no registration of treatment, 2011-2014 

Type of misclassification No treatment group (n=86) 

 N % 

No cancer 11 13 

Other type of cancer  9 10 

Clinical stage 9 10 

Surgery  29 34 

Oncology 12 14 

Radio frequency ablation 13 15 

Microwave ablation 2 2 

Argon beam 1 1 

 

Table II. Descriptive characteristics of patients correctly registered as not treated and patients treated 

surgically in the Danish Lung Cancer Register from 2011-2014 

Characteristics No treatment 
(n=36) % 

Surgically treated 
controls (108) % 

P-value 

Patient-related    

Age years mean (range) 72.6 (51-86) 72.3 (50-89) 0.86 

Female/male % 47/53 47/53 1 

CCI median (range) 2 (0-9) 1 (0-4) <0.001 

Never-smoker  3 6 0.50 

Smoking at diagnosis 58 40 0.07 

High-risk alcohol intake 19 7 0.04 

Diagnostic work-up    

Discussed at MDT 100 100 1 

PET/CT  83 99 <0.001 

Biopsy 81 84 0.61 

Bronchoscopy 75 88 0.06 

EBUS 61 74 0.14 

EUS 17 19 0.71 

Cancer histology    

Adenocarcinoma 17 51 0.003 

Squamous 25 28 0.75 

NSCLC 11 14 0.67 

Small-cell 14 2 0.04 

Other  14 4 0.03 

Unknown 19 2 0.002 

CCI, Charlson comorbidity index. MDT, multidisciplinary team conference, PET/CT positron emission 

tomography - computed tomography . EBUS, endobronchial ultrasound. EUS, endoscopy, NSCLC, non-small-

cell lung cancer. Other histology includes: Carcinoid tumours and not otherwise speficied (NOS) histology.  
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Table III. Histologic subtypes according to the primary reason for not undergoing therapy in Danish stage I 

lung cancer patients diagnosed between 2011-2014. 

Reason Unknown 
histology 

Adeno NOS NSCLC Carcinoid Squamous Small-
cell 

Total 

Patient 
decision 

4 0 0 1 0 4 1 10 

Co-morbidity 3 4 2 1 1 3 2 16 

Tumor 
location 

0 0 1 0 0 0 0 1 

Disease 
progress 

0 1 0 1 0 1 1 4 

Death 0 1 0 1 0 1 0 3 

High PS 0 0 0 0 0 0 1 1 

Unknown 0 0 0 0 1 0 0 1 

Total 7 6 3 4 2 9 5 36 

Adeno: Adenocarcinoma. PS: Performance status. NOS: Not otherwise specified. NSCLC: non-small-cell lung 

cancer. 
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