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ABSTRACT:

Background: Comorbidity is an important prognostic marker and a treatment indicator for lung can-
cer patients. Register-based studies often describe the burden of comorbidity by the Charlson comor-
bidity index (CCl) based on hospital discharge data. We assessed the association between somatic and
psychiatric comorbidity and death within one year in early lung cancer and, furthermore, the burden
of comorbidity according to treatment type.

Material and methods: We conducted a population-based matched case-control study of stage | lung
cancer identifying all treated patients who died (all-cause) within one year after diagnosis (early death
group, cases). On the basis of data from the Danish Lung Cancer Registry these patients were then
matched with two controls who survived more than one year (survivors). Through a review of the
medical records, we validated inclusion criteria and collected data on somatic and psychiatric comor-
bidity. We assessed the association between comorbidity and early death with multivariate conditional
logistic regression.

Results: We included 221 cases and 410 controls. The mean CCl score in the early death group was
2.3 vs. 1.3 in the survivor group (p < .001). Still, 22% vs. 30% had a CCl score of zero (p=.04) with an
average number of comorbidities among these patients of 1.63 vs. 1.06 respectively (p =.006). Among
women, 23% in the early death group had depression vs. 13% in the survivor group, corresponding to
an unadjusted odds ratio (OR) of 2.0 (Cl 95% 1.0-3.7). However, in an adjusted analysis (incl. somatic
comorbidities) the OR was 1.7 (Cl 95% 0.8-3.5). Patients undergoing oncological therapy were older
and tended to have more somatic comorbidities than the surgically treated patients.

Conclusion: Comorbidity remains a significant prognostic marker even for stage | lung cancer patients
with a CCl score of zero. The suggested association between early death and depression among
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women needs to be studied further.

Introduction

Lung cancer is globally the most common cause of cancer-
related death [1]. Consequently, several initiatives to improve
the prognosis have been undertaken. These have focussed on
early identification, while also the quality and number of treat-
ment options have gradually increased [2,3]. Thus, a larger pro-
portion of medically unfit lung cancer patients can now
receive curative treatment [4]. Longstanding tobacco smoking
is the main risk factor for lung cancer, and is also related to
the development of several comorbidities [5-7]. The impact of
comorbidity on lung cancer prognosis is, however, difficult to
establish. Aside from the direct effect on prognosis, comorbid-
ity also indirectly affects both treatment decisions and the
occurrence of treatment complications [8-10]. Furthermore,
lung cancer patients with comorbidities may benefit from a
favourable stage distribution due to early detection [11].
Among several comorbidity indexes, the Charlson comorbidity
index (CCl) [12-14] has often been used to describe the
burden of comorbidity as a prognostic marker in

population-based studies. In these studies, the burden of
comorbidities is often assessed by hospital discharge diagno-
ses. However, large proportions of patients in these lung can-
cer populations have a CCl score of zero [15,16]. Furthermore,
the CCl measures exclusively somatic comorbidity while psychi-
atric disorders may also affect the prognosis for cancer patients
[17]. One- and five year mortality rates are common landmarks
when assessing cancer related outcomes. Our aim was to focus
on early unanticipated death. Thus, in an explorative popula-
tion-based matched case-control study, we have assessed the
impact of both somatic and psychiatric comorbidities in rela-
tion to one-year mortality and treatment decisions for Danish
stage | lung cancer patients who were considered candidates
for curative therapy at the time of final staging.

Material and method

This is a population-based nested case-control study. Outcome
was all-cause one-year mortality and treatment decision.
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Data sources

The Danish Lung Cancer Registry (DLCR) has since 1 January
2000 collected data on all incident lung cancer patients in
Denmark including information on several lung cancer and
patient-specific clinicopathological parameters [18].

The Danish Cancer Registry (DCR) has collected data on
all incident malignant, premalignant, and certain benign neo-
plasms since 1943 [19]. Data on type and year of diagnosis
of another primary cancer diagnosed prior to or during time
of diagnosis of the lung cancer were retrieved from the DCR.

Medical records from all included patients from the
departments of pulmonology, oncology, and thoracic sur-
gery, were used to retrieve detailed data concerning the
study variables.

Study population

We identified patients in the DLCR with stage | lung cancer
diagnosed between 1 January 2011 and 31 December 2014,
with a treatment registration who were referred to curative
treatment and died within one year after diagnosis. These
were then matched by age (five-year increments) and gender
with two controls diagnosed the same or previous year and
who survived more than one year.

Ethical approval

The study was approved by the Danish Data Protection
agency and The Danish Health Authority.

Study variables

Data on comorbidities were primarily retrieved from the
summary of the medical history including daily medications,
which is mandatory to document in the medical record at
first visit. Comorbidities uncovered during the diagnostic
work-up for lung cancer were also included. We chose this
approach since treatment decisions were based alone on
these data.

Comorbidity, both somatic and psychiatric was defined as
a chronic systemic or vital organ disease, condition or malig-
nancy diagnosed prior to or revealed during the diagnostic
work-up for the primary lung cancer. Ongoing acute infec-
tions, exacerbations, procedure-related complications, osteo-
arthritis, and pain syndromes that were not attributed to a
systemic condition were not included. Moreover, pain medi-
cation, preventive medications (e.g., statins), short duration
antibiotics, and corticosteroids were not included in the
assessment of the daily medication.

Psychiatric comorbidity was categorised as dementia,
depression (including bipolar conditions), or schizophrenia
(including other psychotic conditions).

Malignant comorbidities were grouped according to
ICD-10 codes as follows: upper gastrointestinal (upper Gl),
DC00-DC14; lower GI, DC15.-DC26; respiratory and other
intra-thoracic malignancies DC30-DC39; breast DC50; female
genitalia DC51-DC58; prostate cancer DC61; haematologic
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DC81-96; other malignancies, any other DCXX (with the
exception of non-melanoma skin cancer). Malignancies diag-
nosed prior to 1985 and precancerous conditions (DDXX)
were not included. Drawing on medical records, we estab-
lished the remission status of the prior primary cancer at
time of the index lung cancer. If the diagnostic work-up for
the other cancer was ongoing or the patient had not yet
received a planned treatment (curative or palliative) the
other cancer was registered as not in remission. Cancers that
were under ‘watchful waiting’ or active surveillance were reg-
istered as not in remission. From the medical records we
also established the CCl-score for each patient.

Concerning lung cancer treatment, we included only
patients who were referred to curative treatment at time of
diagnosis. If treatment intent changed after the point of
referral, patients were still included. Based on the medical
records, we registered the actual treatment given as either
surgical or oncological, which was further categorised into
either stereotactic body radiotherapy (SBRT) or other, (con-
ventional chemo/radiotherapy, palliative radiotherapy and
systemic treatment).

High-risk alcohol intake was defined as more than 14 or
21 units per week for women and men, respectively, in
accordance with the recommendations from the Danish
Health Authority at the start of the study period [20].
Smoking was categorised as ever-smoker, never-smoker, or
unknown at diagnosis.

Statistical analyses

Proportional and Pearson chi squared distributions were
used to compare categorical variables between the two
groups. For continuous variables, the Mann-Whitney U-test
was used. Provided that the Q-Q plotted data followed an
approximated normal distribution, the mean age in the study
population(s) and the underlying DLCR- cohort were com-
pared by the student’s t-test.

Associations between the study variables and outcome
(death within a year after diagnosis) were assessed by using
a conditional logistic regression model. Each disease was
assessed as a binary variable in the model. All analyses were
conducted for the total sample and by gender. In order to
assess the effect of the combined comorbidities in relation
to outcome and the effect of somatic comorbidities on clin-
ical depression, continuous variables were created by com-
bining the total number of comorbidities, the total number
of somatic comorbidities and the number of different types
of daily prescription medications, not the number of
administrations.

For each treatment group, we assessed differences in age
and gender among the early death patients. Within each
treatment group, we assessed differences in the number of
non-malignant and somatic comorbidities, the number of
daily medications, the proportion of patients with depression
(combined and by gender), and the burden of malignant
comorbidity, between the early death patients and survivors
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Calculations were performed with SAS software (SAS sys-
tem, SAS Institute, Cary, NC) and Stata software (StataCorp,
4905 Lakeway Drive College Station, Texas 77845 USA).

Results

According to the DLCR, 2985 patients (DLCR cohort) were
diagnosed with stage | lung cancer in Denmark between
2011 and 2014, with a one-year mortality of 13% (n=382),
among whom 269 patients had a treatment registration. We
were able to match 253 of the treated patients (early death)
with two controls. After review of the medical records, we
excluded patients considered candidates for treatment with
palliative intent, patients who did not have lung cancer, or
had an incorrect stage classification. We finally included 221
patients in the early death group and 410 in the survivor
group, baseline characteristics are provided in Table 1.

Treatment and age

In the early death group, 127 (57%) were surgically treated
and 94 (43%) were treated oncologically (78 with SBRT and
16 with conventional therapy, of whom eight ultimately
received only palliative therapy, in spite of initial curative
intent). In these two treatment groups, we compared the
age mean in the early death group with the underlying
DLCR cohort. The mean age among the 2021 surgically
treated patients in the DLCR cohort was 67.5 vs. 71.7 among
the surgically treated early death patients (p<.001).
Conversely, there was no statistically significant difference in
age between the oncologically treated patients in the DLCR
cohort (n=663), where the mean age was 73.5 vs. 75.0 in
the early death group (p=.12).

Comorbidity and CCI

The CCI score was significantly higher in the early death
group (Table 2). Still, 48 (22%) of patients who died early
and 121 (30%, p =.04) in the survivor group had a CCI score
of zero (data not shown). In this subgroup of patients with a

Table 1. Baseline characteristics of the early death group vs. the survivor
group, sampled from the Danish stage | lung cancer cohort in the Danish
Lung Cancer Register (2011-2014).

Early death ~ One-year survivors
N=221 N=410
% % p-value

Age mean (range) in years (n)  73.1 (45-89) 72.8 (49-87) .59
Gender female/male 43/57 44/56 .96
TNM

T1aNOMO - stage 1A 34 36 67

T1bNOMO - stage IA 25 25 .79

T2aNOMO - stage 1B 40 40 .85
Histology

Adenocarcinoma 43 49 .16

Squamous-cell carcinoma 30 25 .16

Non small-cell carcinoma 16 16 .82

Other histology 10 10 .99

All patients were considered candidates for curative treatment at the end of
the diagnostic work up. p-value for difference of proportions (%) and
Mann-Whitney U test for numeric variables (n). Other histology includes
adenosquamous, mixed type, carcinoid and small cell lung cancer [21].

CCl of zero, we summarised the number of comorbidities
recorded in the medical records with a mean number of 1.63
vs. 1.06, respectively (p=.006). For somatic comorbidities,
this number was 1.56 vs. 0.96, respectively (p =.002).

In the adjusted analysis of specific comorbid conditions,
atrial fibrillation/flutter, valvulopathy, peripheral vascular
disease, and peptic ulcer were significantly associated with
one-year mortality (Table 2). In the gender-stratified analyses,
diabetes was statistically significantly associated with one-
year mortality among women but not in men.

As appears in Table 3, women in the early death group
had a significantly higher number of comorbidities and took
more medications than the survivors did while this was not
observed among men.

Malignant comorbidity

In terms of site-specific cancers, the odds ratio for previous
oral or prostate cancer was significantly higher in the early
death group (Figure 1). Twenty-three patients (10%) in the
early death group vs. 14 (3%) among the survivors were liv-
ing with a cancer that was not in remission when they were
diagnosed with lung cancer. This corresponded to an
unadjusted OR of 3.0 (Cl 95% 1.5-5.9), and an adjusted OR
of 3.3 when adjusted for non-malignant comorbidities (Cl
95% 1.7-6.6) (data not shown). Furthermore, the OR for lung
cancer as first cancer was significantly lower in the early
death group (Figure 1).

Comorbidity by treatment modality

Among patients treated with surgery, there was no signifi-
cant difference in the number of non-malignant comorbid-
ities, somatic comorbidities, and daily medication between
the early death group and the survivor group (Table 4).
However, more patients in the early death group had a can-
cer prior to the lung cancer diagnosis (p=.03) and more
patients had progression of their second cancer (p=.001).

Regarding the oncologically managed patients, the early
death group had a higher number of comorbidities and
were more medicated than the survivors were. Furthermore,
there was no difference in the prevalence of previous cancer
between the early death group and the survivors among the
oncologically managed.

Psychiatric comorbidity

As seen in Table 2, depression was significantly associated
with early death among women with an adjusted OR of 2.1
(Cl 95% 1.1-4.1). Due to potential confounding by somatic
comorbidity, we adjusted for somatic comorbidity and other
primary cancer in the gender-stratified conditional regression
model, resulting in an OR of 1.7 (Cl 95% 0.8-3.5).

In terms of depression and treatment type (Table 4), there
was a trend in both treatment groups of depression occur-
ring more frequently among women in the early death
group (Table 4).
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Table 2. Prevalence of comorbidity at time of diagnosis and the odds ratio for death within 1year after diagnosis of stage | lung cancer, Denmark 2011-2014.

Early death (n=221) Survivor (n=410)

Comorbidity N % N % p-value OR* Cl 95% OR** Cl 95%

CCl mean (range) 2.3 (0-9) 1.3 (0-8) <.001

Pulmonary disorders
COPD 9% 43 156 38 .19 13 0.9-1.8 1.25 0.9-1.8
ILD 3 1 3 <1 44 1.8 0.4-9.0 2.0 0.4-10.7
Astma 9 4 17 4 .96 0.9 0.4-2.1 1.1 0.5-2.5
Other 2 1 1 <1 25 3.2 0.3-36.6 5.1 0.4-61.2
Medications (n) 2.4 2.0 04 * *

Circulatory disorders
IHD 42 19 79 19 94 1.0 0.7-1.5 1.0 0.7-1.6
AMI 20 9 45 1 45 0.8 0.5-1.5 0.9 0.5-1.5
Heart failure 23 10 27 7 .09 1.6 0.9-2.8 1.7 1.0-3.1
Hypertension 114 52 202 49 .58 1.1 0.8-1.5 1.2 0.8-1.6
Arrytmia 4 2 7 2 93 1.1 0.3-3.7 1.1 0.3-3.9
AFIB/AFLU 39 18 52 13 .09 15 0.9-2.3 1.6 1.0-2.6
Valvular 14 6 15 4 13 1.9 0.9-4.4 23 1.0-5.3
VTE 5 2 13 3 .51 0.7 0.2-2.0 0.8 0.3-23
PVD 15 7 1 3 .01 2.7 1.2-6.0 25 1.1-5.6
-PVD, Women 6 11 6 6 .26 1.9 0.6-6.4 1.6 0.5-5.6
-PVD, Men 9 7 5 2 .02 3.4 1.2-10.3 3.4 1.1-104
Other 10 5 12 3 .30 17 0.7-4.2 1.8 0.7-4.4
Medications (n) 2.4 * 2.2 * 26 * *

Endocrine disorders
Diabetes 37° 17 58° 14 .38 1.2 0.8-1.9 1.2 0.8-2.0
-Diab., Women 15 23 15 12 .07 2.0 0.9-4.5 2.6 1.1-6.1
-Diab., Men 22 18 43 19 81 1.0 0.5-1.7 09 0.5-1.6
Thyroid 15 7 22 5 47 14 0.7-2.7 1.4 0.7-2.9
Medications (n) 13 * 1.2 * 56 * *

Neurologic disorders
Apoplexia/TIA 29 13 54 13 99 1.0 0.6-1.7 1.0 0.6-1.7
Other® 13 6 13 3 .10 19 0.9-4.2 2.0 0.9-4.4
Medications (n) 0.6 * 0.9 * .06 * *

Kidney disorders
CKF 16 7 22 5 35 1.5 0.7-3.0 1.5 0.7-3.2
Other 5 2 4 1 .19 2.5 0.7-9.3 2.7 0.7-10.2
Medications (n) 1 * 0.8 * 1 * *

Gastro-intestinal disorders
Pancreas/liver disease 14¢ 6 od 2 <.01 3.0 1.2-7.2 2.0 0.8-5.1
Ulcer 15 7 13 3 .04 2.2 1.0-4.8 23 1.0-5.2
Other 4 2 4 1 37 2.0 0.5-8.0 25 0.6-10.5
Medications (n) 1 * 0.5 * .16 * *

Rheumatologic disorders
Rheu. Arthitis 1 5 14 3 34 14 0.6-3.1 14 0.6-3.3
Polymyalgia*** 3 1 3 <1 44 1.8 0.4-9.0 1.8 0.4-9.0
Other 7 3 12 3 .87 1.1 0.4-2.8 1.1 0.4-3.0
Medications (n) 1.5 * 1.1 * .02 * *

Haematologic 3 1 5 1 .88 0.8 0.2-3.6 1.1 0.2-4.5
Medications (n) 0.5 * 0.8 * 73 * *

Psychiatric disorders
Depression 32 14 38 9 .05 1.6 1.0-2.7 1.6 1.0-2.7
-Depr., Women 22 23 23 13 .03 2.0 1.0-3.7 2.1 1.1-4.1
-Depr., Men 10 8 15 6 .6 1.2 0.5-2.8 1.0 0.4-2.4
Schizophrenia 4 2 6 1 74 1.2 0.3-4.1 1.2 0.3-44
Dementia 4 2 1 3 49 0.6 0.2-2.0 0.5 0.2-1.8
Medications (n) 1.6 * 1 * .05 * *

Unclassified Comorbidities 4 2 4 1 37 2.0 0.5-8.0 2.0 0.5-8.3
Medications (n) 2 * 0.7 * .20 * *

p-value for categorical variables by Pearson Chi-squared. p-value for numeric variables (n) by Mann-Whitney U-test. For each subgroup of co-morbidities, the
mean number of medications are presented.

OR: odds ratio; CCl: Charlson comorbidity index, based on data from the medical records; COPD: Chronic obstructive pulmonary disease; ILD: interstitial lung dis-
ease; IHD: ischaemic heart disease; AMI: acute myocardial infarction; Arrtyhmia: non AFIB/AFLU tachy/brady-arrhythmias: including pacemaker or implantable car-
dioverter defibrillator (ICD); AFIB: atrial fibrillation; AFLU: atrial flutter; VTE: venous thrombo/emboli; PVD: peripheral vascular disease including amputated
patients; TIA: transitoric ischaemic attack; CKF: chronic kidney failure; Depr: clinical depression.

*Unadjusted; **adjusted for smoking and alcohol abuse; ***including arteritis temporalis.

26/37 and °11/58 respectively with end organ damage.

8/14 and 94/9 respectively with moderate to severe liver disease, resp.

®none registered with hemiplegia.

Discussion
None of the other psychiatric comorbidities, which

occurred with a much lower prevalence than depression, The cause of death among early death patients has been
were associated with early death (Table 2). reported earlier [21]. Furthermore, patients with no treatment
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registration in the DLCR have been assessed in
another study [22].

It is beyond the scope of this article to discuss each asso-
ciation individually, although we have reported a number of
important findings in terms of individual comorbidities (atrial
fibrillation and valvulopathy), which were individually associ-
ated with early death, even though these diseases are not
included in the CCl. Atrial fibrillation in relation to lung can-

cer has primarily been studied as a complication following

Table 3. Cumulated number of comorbidities, medications and the associa-

tions with the early death among stage | lung cancer patients,
Denmark, 2011-14.

Early death ~ Survivor  p-value OR  Cl 95%
Comorbidities 25 2 .004 1.2 1.1-13
Comorbidities, Female 2.6 1.9 .002 14 1.1-1.6
Comorbidities, Male 2.3 2.1 24 1.1 0.9-1.2
Medications 35 2.5 .001 1.1 1.1-1.2
Medications, Female 39 25 <.001 1.2 1.1-14
Medications, Male 3.1 2.8 29 1.1 1.0-1.2

Comparison groups are matched on age, gender and year of diagnosis. p-
value by Mann Whitney U test. OR: unadjusted odds ratio from conditional
regression analyses.

lung cancer surgery [23,24]. Moreover, the association with
prognosis may be facilitated by coexisting COPD as sug-
gested in a retrospective single-center study by Sekine et al.
from 2001 of 244 surgically treated patients [25].

Liver disease, primarily alcoholic cirrhosis of the liver, was
associated with early death, although the risk estimate was
weakened in the multivariate analysis, suggesting that this
association was partly confounded by high-risk alcohol intake
and smoking [26]. There have been few studies regarding cir-
rhosis and lung cancer [27] but our findings suggest that
although relatively infrequent, alcohol-related comorbidity
was significant in our population and that differences in alco-
hol consumption between countries may contribute to differ-
ences in survival rates for (early stage) lung cancer [28].

In a study based on the DLCR of comorbidity in lung can-
cer, comprising 20,461 patients diagnosed in 2005-2010, a
high Charlson Comorbidity Index score (CCl > 3) based on
hospital contacts registered in the National Patient Registry
was related to mortality. However, in that study 10,289 (50%)
patients, of whom 1653 were resected, had a CCl score of
zero. These patients had a one-year mortality of 11%. In our

Previous cancers in the early death vs. the survivor group
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—@— Oral
Lower Gl
Respiratory tract
Breast cancer
—@— Female genitalia
—@— Prostate
—@— Hematologic
—@— Other cancers
—@— First cancer
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Figure 1. Forest plot of associations with previous cancer diagnosis and death within one year after diagnosis among stage | lung cancer patients, Denmark,

2011-2014.

First cancer: the primary lung cancer was the patient’s first cancer diagnosis. Lower GI: lower gastrointestinal.

Table 4. Distribution of age, comorbidities and depression according to type of treatment, all patients were considered candidates for curative therapy after

final staging.
Surgery Oncologic treatment
Early death (n=127) Survivor (n =262) p-value Early death (n=94)* Survivor (n = 148)** p-value

Women (n) 47 99 .88 49 80 77
Men (n) 80 163 .88 45 68 77
Mean age (n) 71.7 715 .88 75.0 75.0 .81
Non-malignant comorbidities (n) 2.0 1.8 12 3.0 24 .02
Medications (n) 2.6 2.2 .09 45 34 .01
Somatic comorbidities (n) 2.0 1.8 .09 3.1 24 .01
Depression (%) 14 9 14 15 9 34
Depr., women (%) 26 16 18 20 9 .06
Depr., men (%) 8 5 42 9 10 .81
First cancer, yes (%) 63 74 .03 65 74 12
Secondary cancer, no remission (%) 1 3 .001 10 4 .08

*78 stereotactic body radiotherapy (SBRT), 16 other (8 palliative). **128 SBRT, 20 other (8 palliative).



study, even among these, patients with a CCl of zero, the
early death patients still had a significantly higher number of
comorbidities than the survivors. Moreover, of 631 patients
reviewed, none had AIDS, or hemiplegia; these diseases
therefore appeared to have a low prevalence in our popula-
tion, which is supported by a Swedish register-based case/
non-case control lung cancer study by Nilsson et al. [29].

Among women, the prevalence of depression was 23 vs.
13%, in the early death and survivor group, respectively,
with a 2.1-fold significantly increased adjusted OR. This asso-
ciation seemed to be partly confounded or potentially medi-
ated by the prevalence of somatic diseases, as the risk
estimate was slightly lower at 1.7-fold increase after adjust-
ment and failed to reach statistical significance. There was
no indication in our study population that patients with
depression chose or were offered oncological treatment over
surgery. Furthermore, we registered only one suicide in a
male patient. Former studies have also found an association
between depression and unfavourable outcome [30], with a
suggested mechanism of continued smoking and lacking
ability to achieve sustained tobacco abstinence [31].
However, in addition to this, our findings underscore the
importance of a meticulous assessment of somatic comorbid-
ities when assessing the prognostic  significance
of depression.

Tobacco smoking increases the risk of developing other
cancers. Thus patients with multiple cancers are more preva-
lent among lung cancer patients than other primary (non
smoking-related) cancers [32]. As also reflected in several
predictive analyses and comorbidity indexes (e.g., the CCl)
[12,13], co-occurrence of other primary cancer disease, was
also associated with a poor outcome in our population, since
there were significantly more patients in the early death
group with another cancer, particularly patients who had an
non-remission secondary cancer. The association between
oral cancer and early death could be due to increased alco-
hol intake among these patients [33]. The association
between prostate and early death cannot readily be
explained and our findings need to be confirmed in other
studies. In terms of other cancers there were a trend towards
an association with early death.

Given increased and improved treatment options for sev-
eral cancers, patients with multiple cancers will continue to
constitute significant clinical challenges. The fact that
patients are referred to curative treatment in spite of having
a second cancer is reflective of treatment optimism.
However, based on our findings, maybe these patients
should be referred to non-surgical treatment (Table 4).

The cumulated number of non-malignant comorbidities
and medications was significantly associated with early death
among female patients but not in men. An American single-
center study of 1155 lung cancer patients diagnosed
between 1995 and 1998 by Tammemagi et al. [34], reported
that a high comorbidity count, male gender, and alcohol
were associated with a poor prognosis. The number of
comorbid disorders was not associated with early death
among male patients in our patients, which may be
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indicative of an overall higher burden of comorbidities
among Danish men with early stage lung cancer.

As expected, oncological treatment was associated with
advanced age and an overall high burden of comorbidity
[29,35,36]. Moreover, the number of non-malignant comor-
bidities was significantly associated with early death among
patients undergoing oncological treatment whereas malig-
nant comorbidity was not. However, as mentioned earlier,
among the surgically treated, malignant comorbidity was sig-
nificantly associated with early death.

Strengths and limitations

In the present population-based study, we assessed the asso-
ciation between the burden of comorbidity assessed at time
of diagnosis using data at hand for the clinicians involved in
treatment of the individual patient. By including only stage |
patients, we have selected patients with the a priori most
favourable prognosis with regard to the lung cancer itself, so
that, arguably, these patients could be those most sensitive
to the negative consequences of comorbidity. Moreover, by
including only stage | lung cancer patients, we avoid con-
founding by the favourable stage distribution formerly
described [11].

Our study has a number of limitations. The case-control
design has enabled us to assess several comorbidities, but
given the matching criteria (i.e, age and gender) we may
have high internal validity but less generalizability in the
assessment of treatment modality in relation to the burden
of comorbidity. For instance, we have only included patients
with a treatment registration in the DLCR, and it is plausible
that among patients who were not treated at all, the burden
of comorbidity would be even more strongly associated with
early death. Thus, our findings can only be related to
patients who were considered candidates for curative ther-
apy at the time of referral to treatment.

We based our assessment of the non-malignant comor-
bidities, daily medications, remission status (but not type) of
other primary cancer, and alcohol and smoking habits solely
on the medical records and failure in recording a given
entity may have resulted in misclassification. This may in par-
ticular apply for comorbidities that have not traditionally
been linked to the prognosis of lung cancer. However, by
including medications and their related indications in the
assessment of the burden of comorbidity, we have mini-
mised this potential source of misclassification. This method
may, however, have resulted in misclassification of comorbid-
ities based on medications for which there were more than
one indication. However, as all data regarding the study vari-
ables were collected at the same point during the course of
the disease, we believe that any misclassification was non-
differential and did not alter the directions of the
associations.

Conclusion

Somatic comorbidity, both malignant and non-malignant,
was significantly associated with early death in patients with
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stage | lung cancer. Having another primary cancer under
treatment at time of diagnosis of the lung cancer was the
condition most strongly associated with early death.
Comorbidities that are not included in the often used
Charlson Comorbidity Index were also associated with death
within the first year. Women with more than two comorbid-
ities constitute a subgroup of patients with an adverse out-
come. Furthermore, depression was associated with early
death among women. This association seemed partly due to
co-occurrence with somatic comorbidities and further studies
into this area are warranted. Our findings indicate that clini-
cians should include conditions like atrial fibrillation/flutter
and valve disease as well as depression in their prognostic
assessment of early stage lung cancer patients.
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