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ABSTRACT
Objective: Lung cancer is the leading cause of cancer-related death worldwide. This population- 
based longitudinal study investigates survival rates and the burden of comorbidity before and 
after being diagnosed with lung cancer in Denmark.
Methods: From the Danish National Patient Registry (NPR) and the Danish Civil Registration 
System (CPR), 53,749 patients with lung cancer were identified and matched with 214,304 
controls on age, gender, region of residence and marital status in the period 1998–2010. From 
the NPR, data on survival and comorbidity, registered as ICD-10 diagnoses, were extracted. 
Comorbidity was assessed using the Deyo-Charlson comorbidity score (DCcs) and mortality 
using Kaplan-Meier survival curves.
Results: 1-year survival rate for Danish lung cancer patients was 51.7 % (CI 51.3-52.1) and 5-year 
survival rate was 14.7 % (CI 14.3-15.0) compared to 96.8 % (CI 96.7-96.8) and 84.0 % (CI 83.9-84.2) 
for controls respectively. Overall, cases had significantly more comorbidity compared to controls 
before being diagnosed with lung cancer. Prior to being diagnosed with lung cancer, more cases 
than controls had been diagnosed with other malignancies (11.4 % vs 6.0 % p<0.005), diseases of 
the circulatory system (16.4 % vs 13.0 % p<0.005) and respiratory diseases (12.2 % vs 4.8 % 
p<0.005). Among lung cancer patients 21.8 % had a DCcs ≥ 1 compared to 13.3 % among 
controls (P<0.005). The 1-year survival for DCcs =0 was 54.8 % (CI 54.3-55.3) for lung cancer 
patients and 97.8 % (CI 97.7-97.9) for controls. Decreasing survival with increasing DCcs was 
found in both groups.
Conclusion: This study provides unique nationwide comorbidity data on patients before and 
after being diagnosed with lung cancer. We found increased mortality with increasing comorbid-
ity, however more pronounced among controls compared to patients with lung cancer.
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Background

To be diagnosed with cancer has multiple and signifi-
cant consequences for the patient, relatives and society. 
Lung cancer constitutes 13% of the total cancer inci-
dence in Denmark, and Danish patients with lung 
cancer have a lower survival rate compared to the 
other Nordic countries [1]. The incidence of lung can-
cer has increased rapidly since the beginning of the 20th 

century and is currently the leading cause of cancer 
death not only in Denmark, but globally. Moreover, 
lung cancer is currently the most frequent cancer type 
in men, and is second only to breast cancer in 
women [1].

In addition to the direct negative impact on survival, 
comorbidity can delay the staging phase and limit treat-
ment options, including reduced probability of resection 

[2], resulting in a lower 1-year survival rate [3–5]. 
Comorbidities such as cardiovascular diseases, diabetes, 
cerebrovascular diseases and chronic obstructive pul-
monary disease (COPD) all contribute to a lower survi-
val rate [6]. The Deyo-Charlson comorbidity score 
(DCcs) is an established tool to assess the burden of 
comorbidity and the impact on mortality [7,8].

Inequality in health regarding time to diagnosis, 
treatment and survival rate for patients with lung can-
cer has previously been established. Level of education, 
disposable income and co-habitation status have all 
been found to influence short-term survival [9,10]. 
Thus, shorter education and living alone were asso-
ciated with a more advanced cancer stage at the time 
of diagnosis as well as an increased time between 
referral and diagnosis [11]. Differences in survival can 
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partly be explained by social inequality regarding dis-
ease stage at diagnosis, treatment options and comor-
bidity status [12].

The comprehensive Danish registries provide 
a unique possibility to extract data from all lung cancer 
patients, holding data on comorbidity, medication use 
and socio-economic factors. In this study, we aimed to 
portray the comorbidity of Danish lung cancer patients 
both before and after being diagnosed with lung cancer 
as well as assess the impact of DCcs on overall survival. 
Comparing comorbidity of lung cancer patients to 
matched controls is novel, and we hypothesized that 
patients with lung cancer have a higher burden of 
comorbidity than controls, both before and after the 
lung cancer diagnosis.

Methods

In Denmark, data on all hospital contacts are registered 
in the National Patient Registry (NPR) [13]. The NPR 
includes information on diagnoses and treatments in 
accordance with the International Classification of 
Diseases (ICD-10) as well as administrative informa-
tion. For the time period 1998–2010, we extracted data 
from the NPR on first occurrence of the following 
primary or secondary diagnoses: ‘C34 Malignant neo-
plasm of bronchus and lung’ and ‘C33 Malignant 
Neoplasm of Trachea’. Data on disease stage were not 
available. Data on comorbidity were also extracted 
from the NPR as ICD-10 diagnoses given in the sec-
ondary health-care sector for all patients and controls. 
DCcs were calculated for each patient using ICD-10 
diagnostic codes.

The Danish Civil Registration System (CPR) con-
tains data on all Danish citizens including social fac-
tors, employment status, income, marital status, etc., by 
linkage to the Danish Income Statistics [14]. Using the 
CPR system, each lung cancer patient was matched 
with four controls of same gender, age and residents 
in the same postal code area at the year of diagnosis. 
Cases and matched controls that could not be identi-
fied in the Danish Income Statistics database were 
excluded from the sample. Successfully matched obser-
vations were obtained for more than 99% of patients. If 
a person was not present in the registry on the first of 
January each year due to death, immigration or impri-
sonment, the corresponding control or patient was 
excluded. Smoking status was not available in any of 
the national databases.

Lung cancer patients and matched controls were 
followed from 1998 to 2010 or until they died. 
Patients diagnosed in 1998 were followed for 11 years 
forward in time making it possible to observe what 

happened after diagnosis. Patients diagnosed in 2010 
were followed 11 years backwards in time making it 
possible to observe what happened before diagnosis. 
A patient diagnosed between the first and last year, 
e.g. in 2005 was traced backwards 6 years and forwards 
5 years in time in the period of 1998 to 2010. Controls 
were equally followed forwards and backwards in time 
from the matched lung cancer patient diagnosis and 
this method has previously been described [15–17].

The study was approved by the Danish Data 
Protection Agency. Data were anonymized and neither 
individual consent nor ethical approval was required.

Statistical analyses were performed using SAS 9.1.3 
(SAS, Inc., Cary, NC). Statistical significance of the cost 
estimates was assessed by nonparametric bootstrap 
analysis. A significance level of 0.05 was assumed for 
all tests. Comorbidity data were analyzed in 
a conditional logistic regression model, yielding odds 
ratios (ORs) with 95% confidence intervals (CIs). Data 
reported as percentages were compared using Pearson’s 
chi-square test. Survival data were reported using the 
Kaplan-Meier survival function. Relative survival was 
expressed as hazard ratios (HRs) derived from a Cox 
proportional hazards model.

Results

Demography

Fifty-three thousand seven hundred and forty-nine 
patients were diagnosed with lung cancer from 1998 
to 2010 and extracted from the databases. Age distri-
bution of the lung cancer patients and matched con-
trols are shown in Table 1. The majority of patients 
were aged 60–79 years (68.8%). Gender and co- 
habitation status are also shown in Table 1; more 

Table 1. Age and gender distribution of all cases and controls 
in number and per cent. Per cent of married or co-habiting 
cases and controls.

Lung cancer patients Controls

Age groups (Years) n % n %

<20 19 0 76 0
20–29 70 0.1 280 0.1
30–39 329 0.6 1,316 0.6
40–49 2,060 3.8 8,235 3.8
50–59 8,323 15.5 33,259 15.5
60–69 16,353 30.4 65,231 30.4
70–79 18,464 34.4 73,520 34.3
80+ 8,131 15.1 32,387 15.1
All 53,749 214,304
Gender n % n %
Male 29,389 54.7 117,120 54.7
Female 24,360 45.3 97,184 45.3
All 53,749 214,304
Married or co-habiting 58.2 58.9
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males than females were diagnosed with lung cancer. 
More than half of the patients were married or lived 
with a partner.

Survival and comorbidity

Figure 1 shows survival distribution of all lung cancer 
patients and matched controls. Survival of lung cancer 
patients decreased rapidly in the first two years after 
diagnosis whereas the survival curve of controls shows 
a linear descent. The 1-year survival rate for lung 
cancer patients was 51.7% (CI 51.3–52.1) and the 
5-year survival rate was 14.7% (CI 14.3–15.0) com-
pared to 96.8% (CI 96.7–96.8) and 84.0% (CI 83.9–-
84.2) for controls, respectively. Four years after 
diagnosis, survival rates for cases descend linearly simi-
larly to controls.

The risk of death among lung cancer patients was 
increased for all age groups compared to controls, but 
the HR decreased by age (Figure 1); the HR for the 
20–29 years age group was 94.1 compared to 10.4 for 
the 70–79 years age group.

The distribution of comorbidity identified by ICD- 
10 is shown in Figure 2 displaying the registered 
comorbidities before and after the patients were diag-
nosed with lung cancer. Overall, patients had more 
diagnoses than controls both before and after being 
diagnosed with lung cancer. Prior to being diagnosed 

with lung cancer more cases than controls had been 
diagnosed with other malignant diseases (11.4% vs 
6.0% p < 0.005), cardiovascular diseases (16.4% vs 
13.0% p < 0.005), respiratory diseases (12.2% vs 4.8% 
p < 0.005) and mental and behavioral disorders (2.0% 
vs 1.5% p = 0.01). After being diagnosed with lung 
cancer, other neoplasms were registered more fre-
quently in patients with lung cancer (71.5%) than in 
controls (8.4%) and more lung cancer patients as well 
as controls, although to a lesser extent, had been diag-
nosed with respiratory diseases (25.5% vs 6.9% 
p < 0.005), compared to before (12.2% vs 4.8% 
p < 0.005). However, for cardiovascular diseases, 
fewer cases had a diagnosis after being registered with 
lung cancer (from 16.4% to 16.1% p < 0.005), whereas 
there was a significant increase in controls diagnosed 
with cardiovascular diseases (13.0% before vs 16.2% 
after p < 0.005).

Prior to being diagnosed with lung cancer, signifi-
cantly more cases than controls had been diagnosed 
with angina pectoris, atherosclerosis in the heart and 
extremities, atrial fibrillation, heart failure and stroke 
(data in supplementary file).

Seventy-eight percent of lung cancer patients had no 
registered comorbidity included in the DCcs at the 
time of lung cancer diagnosis, compared to 87% of 
controls. As shown in Table 2, any DCcs of 1 or higher 
were more frequent in the lung cancer group.
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Figure 1. Kaplan-Meier survival curves of patients with lung cancer (blue) and controls (red) with differences estimated using the 
Cox proportional hazard model. Number and percentage of lung cancer patients and controls that died during follow-up and HR for 
death distributed by age groups.
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Decreasing 1- and 5-year survival rates with increas-
ing DCcs were seen in both groups (Figure 3). Figure 3 
shows Kaplan-Meier survival curves for all lung cancer 

patients and controls for each DCcs group. Decreasing 
survival with increasing DCcs was found in both 
groups.
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Figure 2. ICD-10 diagnoses for cases and controls before and after being diagnosed with lung cancer in each disease chapter. The 
x-axis displays the percentages of cases (in blue) and controls (in red) with a diagnosis within the chapter.

4 A. GOULIAEV ET AL.



Discussion

This epidemiological study presents data on all Danish 
lung cancer patients over a 12-year period and provides 
a unique insight into the incremental comorbidities of 
lung cancer. Age is closely related to comorbidity and 
is also a strong predictor of mortality in cancer 
patients. By comparing the lung cancer patients to 
a gender- and age-matched control group, we limited 
the need for adjustment for these prognostic baseline 
variables seen in previous studies in this area. We 
found a higher burden of comorbidities in patients 
with lung cancer compared to controls, and comorbid-
ities significantly affected survival rates of patients with 
lung cancer as well as controls.

Among lung cancer patients, 21.8% had a DCcs ≥1 
compared to 13.3% among controls. Other studies have 
shown a higher rate of comorbidity using the Charlson 
Comorbidity Index (43% [18] and 50% [4]) as opposed 
to DCcs. We found decreasing survival rates with 
increasing DCcs in both groups; however, comorbidity 
had a greater impact on survival rates for controls 
compared to lung cancer patients. For the matched 
control group, comorbidity was associated with more 
significant changes in overall survival compared to 

lung cancer patients. Comorbidity significantly reduced 
survival for lung cancer patients; however, their survi-
val was already greatly diminished by the lung cancer 
diagnosis. Reviewing the literature on comorbidity and 
lung cancer survival, data have been contradicting and 
comparison is difficult due to different study setups 
(i.e. self-reported versus register-based comorbidities 
[19]). A few studies have not found comorbidities to 
significantly impact survival [20,21] or merely to intro-
duce a minor impact due to the poor prognosis of lung 
cancer [22]. However, in accordance with the present 
results, several reports have shown comorbidity to 
impact lung cancer survival [2–5,17,19,23–25]. In 
other cancers, comorbidity has been reported to be 
a negative prognostic factor for cancer survival. 
A review of 18 breast cancer studies demonstrated 
that presence of comorbidity at diagnosis was an 
important prognostic factor in early breast cancer, 
irrespective of age and stage [26]. A systematic review 
and meta-analysis in patients with colorectal cancer has 
shown that frailty and comorbidity were associated 
with poor short- and long-term survival and that the 
effects of comorbidity on overall mortality appeared to 
decrease with advancement in cancer stage [27]. Due to 
the poor prognosis of lung cancer, it seems that comor-
bidity affects survival less than for cancer with better 
long-term prognosis [28].

We found a 5-year survival rate of 14.7%, which is 
remarkably better than the NORDCAN report for the 
same time period (9% for men and 11% for women) 
[1]. Prior to 2003, patients with lung cancer in 
advanced stages were often not registered with a lung 
cancer diagnosis in the NPR (personal communication 
with leader of Danish Lung Cancer Registry (DLCR)). 
Accordingly, the stage distribution of our patients was 
probably shifted towards patients with a lower disease 

Table 2. Distribution of Deyo-Charlson comorbidity score 
(DCcs) for lung cancer patients and controls.

DCcs Lung cancer patients, n (%) Control, n (%)

0 35,222 (78.2) 164,175 (86.7)
1 5,488 (12.2) 15,972 (8.4)
2 3,051 (6.8) 7,437 (3.9)
3 478 (1.1) 1,050 (0.6)
4 94 (0.2) 251 (0.1)
5 19 (0.04) 48 (0.02)
6+ 709 (1.6) 442 (0.2)
All 45,061 189,375
Average DCsc 0.41 0.20
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Figure 3. Kaplan-Meier survival curves for lung cancer patients and controls according to Deyo-Charlson comorbidity score (DCcs). 
1- and 5-year survival for lung cancer patients and controls stratified by DCcs.
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stage and thus a better survival rate. For lung cancer 
patients, the survival rates decreased rapidly in the first 
few years following the lung cancer diagnosis com-
pared to controls. However, after 5 years the survival 
rates for patients mimicked those of the controls. Thus, 
our findings suggest a possible healthy survivor effect. 
Previous studies have not compared survival of lung 
cancer patients to a matched control group [2–4,6,19–-
,19–25]. Additional research is required to further 
enlighten this area.

Cardiovascular diseases, diabetes mellitus, cerebrovascular 
diseases and COPD are known to decrease the survival rate 
of patients with lung cancer [5], but are they also more 
common in lung cancer patients compared to controls? We 
discovered that many patients with lung cancer had several 
comorbid conditions prior to being diagnosed with lung 
cancer; this was significantly different from the control 
group. The most frequently reported comorbidities were 
cardiovascular diseases, respiratory diseases and other malig-
nancies. A great number of these comorbidities can be 
explained by smoking as a common contributory factor 
for lung cancer as well as the comorbidities. Unfortunately, 
it was not possible to adjust for smoking status, because it 
was not registered in the databases. Previous studies have 
found larger percentages of lung cancer patients with COPD 
(43% [5], 28% [23]); however, these studies were small and 
without control groups.

Cardiovascular diseases such as atrial fibrillation and 
heart failure increased significantly for the control group 
after their corresponding cases had been diagnosed with 
lung cancer. This can be explained by the group of controls 
getting older. In general, a significant portion of the control 
group was diagnosed with different age-related diseases over 
time, whereas the majority of patients with lung cancer died 
within a timespan of a few years.

This study has several limitations as it is a registry-based 
epidemiological study without clinical validation. A major 
limitation of this study is the lack of adjusting to disease 
stage, as disease stage highly affects survival. This could have 
been done by linking to the extensive DLCR [29,30]. DLCR 
contains information on staging, histology, performance and 
smoking status for most patients, which would have added 
valuable information to this study. However, the present 
study contains data on lung cancer patients prior to the 
establishment of the DLCR in 2001. Generally, the reported 
burden of comorbidities was lower than expected and lower 
compared to other studies [2–6,19–25]. One Danish study 
reported similar levels of comorbidities in lung cancer with 
data extracted from hospital records [6]. In Denmark, ICD- 
10 classification is used only in the secondary health care 
sector (hospitals) and not in the primary health care sector 
(general practitioners). Whereas the majority of patients with 
lung cancer are diagnosed in the secondary sector, 

comorbidities are more commonly registered in the primary 
sector; however, the disorders included in the Deyo- 
Charlson Index are generally of such serious nature that if 
present, it would have led to hospital contact at some point 
in time. Our results do not reveal whether the underreport-
ing is equally distributed among patients with lung cancer 
and controls. Further studies including review of medical 
records and/or including prescription data from The Danish 
National Prescription Registry could provide additional 
knowledge to this field and help determine the magnitude 
of under-reporting of comorbidities. Over the last decades, 
the treatment regiments and survival prognosis for lung 
cancer have improved significantly [1,18]. So, over the 12- 
year time period studied, prognosis has improved, which 
affects our results. Matching on income, educational level or 
other socioeconomic factors could have been relevant, as 
a previous Danish study found low income and shorter 
education to reduce the probability of first-line treatment 
for lung cancer independent of age, gender and comorbidity 
[12]. In Denmark, fast-track cancer referral programs were 
introduced in 2008 diminishing diagnostic delay and initia-
tion of treatment. To determine whether fast track cancer 
programs affect survival and comorbidities classified by 
ICD-10, studies including data after 2008 are required.

Conclusion

In this nationwide study, comorbidities among Danish 
lung cancer patients have been described and com-
pared to the comorbidities of matched controls. We 
found significantly more patients with lung cancer than 
controls with comorbidities and moreover that comor-
bidities decreased survival for both groups. The study 
corroborated previous findings concerning the survival 
of patients with lung cancer and contributed with 
knowledge of age and marital status among Danish 
patients with lung cancer. Overall, patients with lung 
cancer had more comorbidities than the control group 
both prior to and after diagnosis; comorbidities were 
primarily related to the cardiovascular system, the 
respiratory system and other malignancies. Thus, 
comorbidity has a significant impact on survival rates 
for both lung cancer patients and controls, yet the 
burden is relatively higher for controls.
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