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Simple Summary: The aim of this study was to investigate how health-related quality of life at time
of diagnosis is associated with the completion of planned first-line oncological treatment among lung
cancer patients. Patients with reduced function and patients who reported fatigue, pain, appetite
loss, and financial difficulties at time of diagnosis had significantly increased adjusted odds ratios
for not completing the planned first-line oncological treatment. Measures of lung cancer patients’
self-reported HRQOL as part of the diagnostic evaluation at time of diagnosis may contribute to the
optimization of planned oncological treatment.

Abstract: Experts recommend assessing lung cancer patients’ health-related quality of life (HRQOL)
in the diagnostic evaluation. We investigated the association between HRQOL and completion of
first-line treatment among lung cancer patients in a prospective cohort study. Clinical information on
lung cancer patients was obtained from medical records, and information on quality of life and lung
cancer-related symptoms was obtained through questionnaires at time of diagnosis. We used directed
acyclic graphs to identify potential confounders and mediators between HRQOL and completion of
first-line treatment. The association between functioning levels and symptoms and completion of
first-line oncological treatment was estimated as odds ratios, with 95% confidence intervals, in logistic
regression models. In all, 137 patients (52% men, mean age: 69 years) participated, out of 216 invited.
Patients who reported reduced functioning had significantly increased ORs for not completing first-
line treatment: poor physical function (OR 4.44), role function (OR 6.09), emotional function (OR 5.86),
and social function (OR 3.13). Patients with fatigue (OR 7.55), pain (OR 6.07), appetite loss (OR 4.66),
and financial difficulties (OR 17.23) had significantly increased ORs for not completing the first-line
treatment. Reduced functioning and presence of symptoms were associated with not completing
first-line treatment. An assessment of HRQOL could potentially aid the diagnostic evaluation and
treatment planning for lung cancer patients.

Keywords: quality of life; cancer care; lung cancer

1. Introduction

Health-related quality of life (HRQOL) is an important prognostic factor in patients
with cancer [1–4], including lung cancer patients [5–8]. Clinical experts recommend the
assessment of HRQOL as an estimation of disease influence on lung cancer patients [9–11],

Cancers 2022, 14, 3343. https://doi.org/10.3390/cancers14143343 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers14143343
https://doi.org/10.3390/cancers14143343
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0003-0906-1873
https://orcid.org/0000-0002-5485-2730
https://orcid.org/0000-0002-0076-265X
https://doi.org/10.3390/cancers14143343
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers14143343?type=check_update&version=2


Cancers 2022, 14, 3343 2 of 10

which can be used in combination with performance status (PS), comorbidity, stage, and
histopathology when planning cancer treatment [12].

A study by Movsas et al. [8] showed that self-reported HRQOL is an independent
prognostic factor for survival among lung cancer patients receiving chemoradiotherapy,
and that HRQOL might replace or supplement other prognostic factors, such as PS and
stage at diagnosis. This indicates that patient-reported HRQOL might be just as relevant
as a prognostic factor as PS assigned by health professionals [8]. Other studies show
that the association between HRQOL and cancer survival may partly be explained by a
psychosocial connection, in which poor HRQOL is associated with lack of adherence to
treatment plans [7,13,14].

A nationwide Danish study found that 46% of lung cancer patients did not receive
the recommended first-line treatment [12]. A few studies have shown that self-reported
HRQOL is associated with planned, as well as actually received, treatment among cancer
patients [15–18]. Furthermore, a study by Daroszewski et al. found that specific domains or
parts of HRQOL (decreased physical functioning, loss of appetite, and dysphagia) reported
prior to initiation of chemotherapy were associated with not completing the planned
treatment among lung cancer patients [19]. No other studies have, to our knowledge,
looked at the association between HRQOL and completion of oncological treatment among
lung cancer patients. Thus, the aim of this prospective study was to investigate the
association between HRQOL and completion of planned first-line oncological treatment
among newly diagnosed patients with lung cancer.

2. Materials and Methods
2.1. Study Population

A total of 216 patients diagnosed with non-small-cell lung cancer (NSCLC) or small-
cell lung cancer (SCLC) were invited to participate in the study at the time of their first
contact with the oncology department at Herlev University Hospital, from September
2016 through to September 2017. After informed consent was obtained from participants,
questionnaires were filled out at three different time points (baseline, first follow-up at end
of treatment, second follow-up 1 month after end of treatment).

2.2. Quality of Life and Lung Cancer-Related Symptoms

Quality of Life was assessed by the European Organization for Research and Treat-
ment of Cancer Quality of Life Core Questionnaire (EORTC QLQ-C30) [20] and the Lung
Cancer Module (QLQ-LC13) [21], which has shown acceptable reliability and validity in
psychometric testing among lung cancer patients [21,22]. The QLQ-C30 comprises one
global quality of life scale, five functioning scales (physical, role, cognitive, emotional,
and social), three symptom scales (fatigue, pain, and nausea and vomiting), and six single
items (dyspnea, loss of appetite, insomnia, constipation, diarrhea, and financial impact of
disease). The QLQ-LC13 comprises one multi-item scale (dyspnea) and ten single items
(coughing, hemoptysis, sore mouth, dysphagia, peripheral neuropathy, alopecia, pain in
chest, pain in arm or shoulder, and pain in other parts). Each item was rated on a four-point
scale as “not at all”, “a little”, “quite a bit”, and “very much”, except for the global quality
of life scale, which is rated on a seven-point scale from “very poor” to “excellent”. We
calculated the scores for both scales and single items by linear transformation to a range of
0–100 according to published guidelines [23]. HRQOL will, in the following, be used as
one concept that covers both functioning and lung cancer-related symptoms.

2.3. Completion of First-Line Treatment

Information on whether the planned first-line treatment was palliative or curatively
intended, treatment complications, dose reductions, and dose delays were attained from
patients’ medical records. First-line treatment was defined as the intended treatment with
either immunotherapy, chemotherapy, or radiotherapy as stand-alone treatments, or in
combination. We did not have information on individual-level mutation status, however,



Cancers 2022, 14, 3343 3 of 10

treatment according to national guidelines was practiced. Completion of first-line treatment
was defined as a consistency between the intended treatment and the actual treatment
received. Omission of ≥20% reductions in one or more chemotherapy doses, or a delay
in radiotherapy, were classified as deviation from the planned treatment. Reasons for
inconsistency between intended treatment and actual treatment received were toxicity,
nonattendance, disease progression or lack of response to therapy, or death. Completion of
first-line treatment was dichotomized into yes or no.

2.4. Covariates

Information on education, marital status, smoking habits, alcohol intake, and body
mass index (BMI) of the lung cancer patients were self-reported, and obtained through the
baseline questionnaire. Highest attained education was categorized into short (9 years or
less), medium (10–12 years), and long education (>12 years). Marital status was categorized
as being married, cohabiting, single, widower or separated/divorced, and afterwards
dichotomized into cohabiting or living alone. Smoking was categorized as never smoked,
former smoker, or current smoker. Alcohol intake was defined as intake during the last
week, and categorized as no alcohol intake (0 units), alcohol intake within the recom-
mended amount by the Danish health authorities (1–7/14 units for women/men), and
alcohol intake higher than the recommended amount (≥8/15 units for women/men).
BMI was categorized as underweight (<18.5), normal weight (18.5–24.9), overweight
(25–29.9), and obese (>30).

We obtained information on stage of disease, PS, and comorbidity of the lung cancer
patients from medical records. The tumor node metastasis (TNM) classification was used
for patients with NSCLC, and categorized into early disease stage (surgically treated and
T1-3, N0-1, M0), medium disease stage (locally advanced and T1-4, N0-3, M0), and ad-
vanced disease stage (any T, any N, M1). For SCLC, we used the terms limited (M0) and
extended (M1) disease. Limited disease was categorized as early stage disease, while ex-
tended disease was categorized as advanced disease. Eastern Cooperative Oncology Group
(ECOG) PS was defined in the clinic, and is based on a scale from 0–5, where a score of
0 indicates great health, 1 indicates restrictions in physical strenuous activities, 2 indicates
capability of self-care but being unable to carry out work-based activities, 3 indicates capa-
bility of limited self-care or being confined to a bed or chair, 4 indicates complete disability,
and a score of 5 indicates death [24]. We retrieved information about patients’ comorbidity
from medical records. We used a pre-specified list of conditions based on a systematic
review by Barnett et al. [25], which included more than 40 morbidities and other long-term
disorders, such as hypertension, coronary heart disease, and thyroid disorders [25]. The
list thus included morbidities that are not always thought of as definite diseases, such as
alcohol problems and hearing loss, but which still have an impact on patients’ health [25].
Comorbidity was categorized as having 0, 1, or 2, or more comorbidities.

2.5. Statistical Analysis

Each HRQOL domain was dichotomized using a cut-off value of <66.67 on the func-
tional scales and >33.34 on the symptom scales and single items, which have been shown
to be clinically relevant thresholds [26] denoting reduced functioning and presence of clini-
cally relevant symptoms, respectively. We did not dichotomize the global HRQOL as this
is not considered a function or symptom [23]. The association between functioning levels
and lung cancer-related symptoms and completion of first-line treatment were estimated
as Odds Ratios (ORs) with 95% confidence Intervals (CIs) in logistic regression models.

We used directed acyclic graphs (DAGs) [27,28] to identify potential confounders and
mediators between HRQOL and completion of first-line treatment. DAG is a tool, which
helps to graphically represent the causal mechanisms we assume are between exposure and
outcome. Four models were performed; the first model was crude. In the second model we
adjusted for sociodemographic factors (sex, age). In the third model we further included
adjustments for comorbidity, disease stage, marital status, education, and lifestyle factors
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(smoking, alcohol intake, BMI). The final (fourth) model was further adjusted for PS, which
was identified as a mediator between HRQOL and completion of first-line treatment in
the DAG. If the estimated effect of the exposure (HRQOL) on the outcome (completion
of first-line treatment) decreased after adjustment for PS, we interpreted PS as a partial
mediator between HRQOL and completion of first-line treatment [29]. To handle missing
data, we used list-wise deletion [30,31]. Statistical analysis were performed using the
statistical software SAS Enterprise Guide 5.1 for Windows.

3. Results

Of the 216 patients who were invited to participate in the study, 63 patients declined
and 10 patients only filled in the baseline questionnaire. This led to the inclusion of
143 newly referred lung cancer patients, with 137 responses available for analysis (Figure 1).
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Figure 1. Flowchart for inclusion and exclusion of patients, Herlev University Hospital, Denmark,
2016–2017.

The mean age was 69 years, 52% were men, most were married (62%), previous smok-
ers (73%), had a long education (57%), were diagnosed with NSCLC (85%), had a PS of 0
(53%), had two or more comorbidities (43%) and most did complete first-line oncological
treatment (54%) (Table 1). Reasons for not completing first-line treatment were disease
progression (5%), not meeting up for treatment (3%), death (5%) and toxicological reaction
to treatment (75%). Most patients who completed first-line treatment received chemora-
diotherapy (53%), while most patients who did not complete first-line treatment received
chemotherapy only (51%). There was little difference between completing treatment and
receiving radiotherapy only, or immunotherapy (Table 1).

Table 1. Study population characteristics of 137 newly referred lung cancer patients in the PACO2
study, Herlev University Hospital, Denmark, 2016–2017.

Variable Completed First-Line
Treatment **

All
n (%)

Yes
n (%)

No
n (%) p-Value

Sex
Men 71 (52) 40 (54) 31 (49)

0.6Women 66 (48) 34 (46) 32 (51)
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Table 1. Cont.

Variable Completed First-Line
Treatment **

All
n (%)

Yes
n (%)

No
n (%) p-Value

Age at diagnosis (years)
≤65 35 (26) 21 (28) 14 (22)

0.5
>65 to <70 41 (30) 24 (32) 17 (27)
≥70 to <75 39 (28) 20 (27) 19 (30)

≥75 22 (16) 9 (12) 13 (21)
Mean (SD) 68.9 (7.4) 67.9 (7.8) 70.1 (7.9) 0.1

Marital status
Cohabiting 96 (70) 52 (70) 44 (70)

1.0Living alone 41 (30) 22 (30) 19 (30)

Smoking status
Never/used to smoke 107 (79) 55 (74) 52 (85)

0.2Current smoker 28 (21) 19 (26) 9 (15)

Alcohol
0 units per week 47 (35) 26 (36) 21 (35)

0.1>1 to <7/14 units per week 59 (44) 28 (38) 31 (52)
>8/15 units per week 27 (20) 19 (26) 8 (13)

BMI
Underweight (<18.5) 11 (8) - -

0.004 *
Normal weight (18.5–24.9) 60 (44) 41 (55) 19 (31)

Overweight (25–29.9) 45 (33) 15 (20) 30 (49)
Obese (≤30) 19 (14) 11 (15) 8 (13)

Education
Short 26 (19) 13 (18) 13 (21)

0.7
Medium 23 (17) 14 (19) 9 (14)

Long 78 (57) 40 (55) 38 (60)
Other 9 (7) - -

Performance score
0 71 (53) 44 (59) 27 (44)

0.04 *1 54 (40) 28 (38) 26 (43)
2 10 (7) - -

Diagnosis 0.3
NSCLC 116 (85) 65 (88) 51 (81)
SCLC 21 (15) 9 (12) 12 (19)

Stage
Early/medium 75 (55) 41 (55) 33 (53)

0.5Advanced 62 (45) 33 (45) 30 (47)

Comorbidity
0 34 (25) 24 (32) 10 (16)

0.081 44 (32) 22 (30) 22 (35)
≥2 59 (43) 28 (38) 31 (49)

Surgery before oncological
treatment

Yes 23 (17) 11 (15) 12 (19) 0.5
No 114 (83) 63 (85) 51 (81)

Planned treatment
Chemotherapy 59 (43) 27 (36) 32 (51) 0.2
Radiotherapy

Chemoradiotherapy
4 (3)

63 (46)
3 (4)

39 (53)
1 (2)

24 (38)
Immunotherapy 11 (8) 5 (7) 6 (9)

* Significant at the 5% level. ** Consistency between the intended treatment and the actual treatment received.
Due to low numbers (>5) few of the categories are collapsed. Missing values are not reported.



Cancers 2022, 14, 3343 6 of 10

Patients who did not complete first-line treatment reported lower mean functional
levels for all functional scales, and higher mean levels of lung cancer-related symptoms
for all items, except coughing, when compared to patients who did complete first-line
treatment. The differences were small, however, for diarrhea, financial difficulties, sore
mouth, peripheral neuropathy, and alopecia (Table 2).

Table 2. Pretreatment quality of life and symptom burden by completion of first-line treatment in
137 newly referred patients with lung cancer, Herlev University Hospital, Denmark, 2016–17.

Completed First-Line Treatment

N Total
Mean (SD)

Yes
Mean (SD)

No
Mean (SD) p-Value

Functioning scales (QLQ-C30)

Global QOL 135 62.1 (22.9) 68.2 (20.04) 55.2 (24.1) <0.001 *
Physical function 137 77.3 (20.0) 83.6 (15.7) 69.9 (22.1) <0.001 *

Role function 134 69.5 (27.99) 76.6 (25.7) 61.3 (27.4) 0.001 *
Emotional function 135 72.9 (22.4) 78.2 (19.1) 66.7 (24.5) 0.004 *
Cognitive function 135 87.7 (19.4) 90.9 (14.6) 83.6 (23.5) 0.035 *

Social function 134 86.9 (18.1) 92.0 (13.9) 80.9 (20.6) <0.001 *

Symptom scales and single-items (QLQ-C30 and QLQ-LC13)

Fatigue 136 34.1 (23.6) 28.3 (20.3) 41.0 (25.4) 0.002 *
Nausea/vomiting 136 7.23 (15.8) 4.7 (13.7) 10.2 (17.7) 0.049 *

Pain 135 16.7 (21.8) 12.2 (16.6) 22.1 (25.9) 0.011 *
Dyspnea 134 36.3 (30.2) 30.6 (27.6) 43.2 (31.8) 0.016 *
Insomnia 136 28.2 (31.92) 23.9 (29.5) 33.3 (34.1) 0.085

Appetite loss 136 25.98 (31.9) 20.3 (29.6) 32.8 (33.3) 0.02 *
Constipation 134 7.5 (17.6) 6.3 (14.3) 8.9 (21.1) 0.42

Diarrhea 134 7.7 (17.3) 7.3 (16.9) 8.2 (17.9) 0.77
Financial difficulties 135 5.4 (16.9) 4.5 (14.9) 6.6 (19.1) 0.49

Dyspnea (lung cancer-specific) 137 27.4 (24.6) 22.8 (22.2) 32.7 (26.9) 0.02 *
Coughing 137 43.6 (29.9) 45.5 (29.5) 41.3 (30.4) 0.41

Hemoptysis 137 6.3 (16.4) 4.9 (14.3) 7.9 (18.7) 0.30
Sore mouth 137 3.6 (11.2) 3.6 (11.8) 3.7 (10.6) 0.96
Dysphagia 136 6.4 (16.5) 5.5 (17.6) 7.4 (15.2) 0.50

Peripheral neuropathy 136 5.6 (14.9) 4.95 (11.9) 5.5 (17.6) 0.58
Alopecia 134 4.2 (17.5) 4.1 (17.4) 4.4 (17.9) 0.90

Pain in chest 134 14.9 (22.2) 10.9 (19.3) 19.7 (24.6) 0.027 *
Pain in arm or shoulder 134 12.4 (22.6) 11.7 (22.4) 13.3 (23.1) 0.68

Pain in other parts 132 18.4 (27.7) 13.9 (24.1) 24.1 (31.1) 0.042 *

* Significant at the 5% level.

The multivariate adjusted ORs for not completing first-line treatment were 3–6-
fold increased among individuals with reduced functioning (physical function, OR 4.44,
95% CI: 1.52–14.32; role function, OR 6.09, 95% CI: 2.03–20.93; emotional function OR
5.86, 95% CI: 2.01–19.23; cognitive function, OR 3.06, 95% CI: 0.96–10.54; social function,
OR 3.06, 95% CI: 0.96–10.54) compared to patients with good/normal functioning; how-
ever, the estimate for cognitive functioning did not reach statistical significance (Table 3,
model III). The ORs were significantly increased for not completing first-line treatment
among patients who reported the presence of one the following assessed symptoms: fatigue
(OR 7.55, 95% CI: 2.44–27.42), pain (OR 8.24, 95% CI: 2.05–41.92), appetite loss (OR 4.66,
95% CI: 1.17–20.95), financial difficulties (OR 117.23, 95% CI: 1.12–587.1), and pain in other
parts (OR 5.37, 95% CI: 1.46–22.74) (Table 3, model III).

Further adjustment for PS changed most of the ORs slightly towards the null on
all functioning scales; however, ORs remained 2.5–5-fold higher among patients with
reduced functioning, which was statistically significant for all functioning scales except for
cognitive and social functioning (Table 3, model IV). For lung cancer-related symptoms,
the ORs only remained statistically significant for fatigue, pain, and pain in other parts
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after further adjustment for PS, with increased ORs for not completing first-line treatment
among patients reporting moderate–high levels of fatigue (OR 8.11 95% CI: 2.17–36.78)
(Table 3, model IV). After adjustment for PS, we also found a significant association between
experiencing alopecia and completion of treatment (OR 13.18 95% CI: 1.16–235.18), but the
CIs were wide (Table 3, model IV).

Table 3. Logistic regression for the association between pretreatment quality of life and not completing
first-line treatment among 137 lung patients, Herlev University Hospital, Denmark, 2016–17.

Model I Model II Model III Model IV

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Functioning Scales (EORTC QLQ-C30) Score <66.67 (Ref = High Function)

Physical functioning 3.15 (1.5–6.82) 2.92 (1.38–6.38) 4.44 (1.52–14.32) 4.25 (1.37–14.56)

Role functioning 3.31 (1.62–6.97) 3.39 (1.64–7.22) 6.09 (2.03–20.93) 5.47 (1.69–20.82)

Emotional functioning 3.40 (1.67–7.09) 3.48 (1.68–7.44) 5.86 (2.01–19.23) 5.48 (1.78–18.95)

Cognitive functioning 1.84 (0.80–4.34) 1.76 (0.76–4.19) 3.06 (0.96–10.54) 3.31 (0.95–12.61)

Social functioning 2.87 (1.30–6.61) 2.93 (1.31–6.84) 3.13 (1.01–10.46) 2.73 (0.84–9.49)

Symptom scales and items (EORTC QLQ-C30 and QLQ-LC13 a) score >33.33 (ref = no symptoms)

Fatigue 4.02 (1.90–8.85) 3.97 (1.84–8.88) 7.55 (2.44–27.42) 8.11 (2.17–36.78)

Nausea/vomiting a 6.40 (1.00–124) 6.44 (0.99–126) 6.07 (0.46–174.2) 5.40 (0.36–164.93)

Pain 5.71 (1.93–21.00) 5.93 (1.93–22.16) 8.24 (2.05–41.92) 7.91 (1.87–41.28)

Dyspnea 2.21 (1.02–4.94) 2.10 (0.95–4.73) 2.17 (0.72–6.92) 1.92 (0.57–6.68)

Insomnia 2.23 (1.01–5.08) 2.31 (1.02–5.38) 2.41 (0.79–7.75) 2.01 (0.62–6.75)

Appetite loss 2.62 (1.12–6.41) 2.95 (1.23–7.50) 4.66 (1.17–20.95) 3.85 (0.90–18.58)

Constipation 2.52 (0.24–54.91) 2.63 (0.24–57.91) 10.13 (0.23–543.6) 11.18 (0.18–882.28)

Diarrhea 3.72 (0.46–76.36) 4.49 (0.53–96.00) 7.32 (0.35–334.5) 8.51 (0.39–460.26)

Financial difficulties 3.78 (0.47–77.41) 4.77 (0.58–99.56) 17.23 (1.12–587.1) 11.56 (0.65–444.23)

Dyspnea (lung cancer-specific) 2.35 (1.07–5.31) 2.11 (0.94–4.89) 2.69 (0.88–8.86) 2.26 (0.65–8.2)

Coughing 0.89 (0.44–1.78) 0.95 (0.47–1.92) 0.81 (0.29–2.19) 0.73 (0.24–2.09)

Hemoptysis 1.18 (0.14–10.07) 1.37 (0.16–12.04) 0.08 (0.002–2.24) 0.12 (0.003–2.85)

Dysphagia 0.38 (0.02–3.02) 0.41 (0.02–3.30) 0.95 (0.04–10.55) 1.01 (0.04–12.15)

Alopecia 1.90 (0.30–14.75) 1.73 (0.27–13.65) 7.77 (0.76–114.5) 13.18 (1.16–235.18)

Pain in chest 2.99 (0.92–11.51) 3.35 (1.00–13.41) 4.8 (0.95–22.26) 4.17 (0.84–24.71)

Pain in arm or shoulder 1.03 (0.28–3.60) 1.15 (0.31–4.09) 2.13 (0.46–10.10) 2.06 (0.41–10.58)

Pain in other parts 2.38 (0.93–6.46) 2.57 (0.98–7.15) 5.37 (1.46–22.74) 4.58 (1.12–21.08)
a Sore mouth and peripheral neuropathy were not included for analysis due to limited data. Model I: crude.
Model II: adjusted for sex and age. Model III: adjusted for sex, age, education, marital status, smoking, alcohol,
BMI, stage, comorbidity, treatment. Model IV: adjusted for sex, age, education, marital status, smoking, alcohol,
BMI, stage, comorbidity, treatment, and performance status.

4. Discussion

In this prospective study, we found that lung cancer patients with reduced physical,
role, emotional, and social functioning and presence of fatigue, pain, appetite loss, financial
difficulties, and pain in other parts of the body prior to the initiation of treatment were
less likely to complete first-line treatment even after adjustment for relevant confounders.
The results also indicate that PS mediates part, but not all, of the association between
pretreatment functioning and symptoms and completion of treatment.

These findings align with previous studies on lung cancer patients, reporting that
patients who did not complete chemotherapy had poorer physical functioning at time of
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diagnosis [19], and that poor HRQOL might be an indicator of noncompliance with the
treatment plan [7]. In a systematic review, including 104 studies on quality of life and cancer
survival, the authors suggested that HRQOL assessed before treatment might provide the
most reliable information for assisting clinicians to establish prognostic criteria for treating
cancer patients [15]. It is likely that patients who report poor HRQOL do not complete
first-line treatment because these self-reported outcomes are markers of disease progression
not picked up by the assignment of PS. Even though noncompletion of first-line treatment is
affected by other factors as well [32], such as lack of response to therapy, it may be relevant
to include an indicator for HRQOL when planning treatment among lung cancer patients.

In light of the relatively high rate of treatment noncompletion among lung cancer
patients, one may wonder if HRQOL could replace or supplement PS as a measurement of
overall health status. We found indications that part, but not all, of the associations between
functioning and lung cancer-related symptoms and completion of first-line treatment
was mediated by PS. A study by Movsas et al. found that HRQOL could supplement,
or even replace, prognostic factors such as PS among NSCLC patients [8]. As PS is the
medical overall assessment of the patients’ health status, and HRQOL is the patients’ own
assessment of their health status, we argue that it may be valuable to also include measures
of HRQOL when planning patients’ treatment. HRQOL is related to the individuals health,
and systematically integrating information about cancer patients’ HRQOL may contribute
to a more realistic treatment plan for the patients [15]. This is supported by findings from a
study by Montazeri et al., where PS did not predict survival, whereas initial HRQOL was a
significant predictor of survival after lung cancer [33].

HRQOL might contribute to the clinical evaluation of lung cancer patients at time of
diagnosis for several reasons [3]. Firstly, HRQOL includes symptoms and domains that
are not included in standard clinical measures, such as emotional function, and HRQOL
also provides options for multiple responses. Secondly, HRQOL has the potential to pick
up relevant information earlier, as studies have shown that changes in HRQOL can be an
early warning of disease progression [3]. Thereby, HRQOL could have the potential to add
valuable information when a treatment plan is decided between the patient and the clinician.
Furthermore, HRQOL could provide knowledge on pretreatment symptoms that may be
managed to enable the patient to complete treatment, and initiatives to improve HRQOL
before treatment initiation could enhance chances for completing first-line treatment. Along
the same line, baseline HRQOL could be used as stratifying variables for patients enrolled
in randomized studies, to warrant a balanced distribution between study arms.

This study has several strengths. The prospective collection of data ensured temporal
separation between exposure and outcome and minimal selection bias. Other strengths are
the inclusion of data from both medical records and questionnaires, the use of validated
scales and listwise deletion [30], as well as the use of DAGs to identify potential confounders
and mediators [27,34,35]. To provide an indication as to what degree PS mediates the effect
of HRQOL on completion of first-line treatment, we performed a mediation analysis, as
proposed by Baron & Kenny [36].

Our study also has limitations. There is a risk of misclassification, as we dichotomized
the HRQOL measurements. This was, however, necessary, as we were interested in the dif-
ference in completion of treatment among patients reporting reduced levels of functioning
and having lung cancer-related symptoms at a clinically relevant level. Concerning the
generalization of this study, we expect that more patients with better HRQOL participated
in the study compared to the overall population of lung cancer patients referred for on-
cological treatment. This may have affected the absolute proportions of patients scoring
low versus high on HRQOL measurements, but should, however, not affect the relative
associations. A study by Dalton et al. (2015) found that, among a nationwide cohort of
lung cancer patients, 46% did not receive the recommended first-line treatment [12]. This
finding corresponds well with the finding in this study, where a similar proportion of the
study population did not complete first-line treatment.
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5. Conclusions

Lung cancer patients’ with self-reported HRQOL measures of reduced physical, role,
emotional, and social functioning, and presence of lung cancer-related fatigue, pain, ap-
petite loss, financial difficulties, and other pain types were associated with not completing
first-line treatment. Adding measures of lung cancer patients’ HRQOL to the diagnostic
evaluation may contribute to the optimization of planned oncological treatment.

Author Contributions: Conceptualization, S.O.D. and T.K.K.; Data curation, T.K.K.; Methodol-
ogy, T.K.K.; formal analysis, A.K.G.L. and N.H.G.H. and S.C.; Investigation, T.K.K. and M.S.O.;
writing—original draft preparation, A.K.G.L.; writing—review & editing, A.K.G.L., T.K.K., N.H.G.H.,
S.C., L.S., A.M., M.S.O., I.A. and S.O.D.; supervision, S.O.D., T.K.K. and I.A.; project administration,
S.O.D. and T.K.K.; funding acquisition, S.O.D. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Danish Cancer Society ‘Knaek Cancer’, 2015 (num-
ber A4769).

Institutional Review Board Statement: Ethical review and approval were waived for this study. As
no human biological material was included in the project, the study did not require approval from the
Committees on Health Research Ethics for the Capital Region of Denmark. The study was approved
by the Danish Data Protection Agency (2015-41-4236) and registered in the Danish Cancer Society
Research Database (2019-DCRC-0062).

Informed Consent Statement: Informed consent was obtained from all participants in the study.

Data Availability Statement: The supporting data are not publicly available due to research partici-
pant privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Coates, A.; Porzsolt, F.; Osoba, D. Quality of life in oncology practice: Prognostic value of EORTC QLQ-C30 scores in patients

with advanced malignancy. Eur. J. Cancer 1997, 33, 1025–1030. [CrossRef]
2. Dancey, J.; Zee, B.; Osoba, D.; Whitehead, M.; Lu, F.; Kaizer, L.; Latreille, J.; Pater, J.L. Quality of life scores: An independent

prognostic variable in a general population of cancer patients receiving chemotherapy. The National Cancer Institute of Canada
Clinical Trials Group. Qual. Life Res. 1997, 6, 151–158. [CrossRef]

3. Gotay, C.C.; Kawamoto, C.T.; Bottomley, A.; Efficace, F. The prognostic significance of patient-reported outcomes in cancer clinical
trials. J. Clin. Oncol. 2008, 26, 1355–1363. [CrossRef] [PubMed]

4. Maisey, N.R.; Norman, A.; Watson, M.; Allen, M.J.; Hill, M.E.; Cunningham, D. Baseline quality of life predicts survival in patients
with advanced colorectal cancer. Eur. J. Cancer 2002, 38, 1351–1357. [CrossRef]

5. Hechtner, M.; Eichler, M.; Wehler, B.; Buhl, R.; Sebastian, M.; Stratmann, J.; Schmidberger, H.; Gohrbandt, B.; Peuser, J.; Kortsik,
C.; et al. Quality of Life in NSCLC Survivors—A Multicenter Cross-Sectional Study. J. Thorac. Oncol. 2019, 14, 420–435. [CrossRef]
[PubMed]

6. Grande, G.E.; Farquhar, M.C.; Barclay, S.I.; Todd, C.J. Quality of life measures (EORTC QLQ-C30 and SF-36) as predictors of
survival in palliative colorectal and lung cancer patients. Palliat Support Care 2009, 7, 289–297. [CrossRef] [PubMed]

7. Sloan, J.A.; Zhao, X.; Novotny, P.J.; Wampfler, J.; Garces, Y.; Clark, M.M.; Yang, P. Relationship between deficits in overall quality
of life and non-small-cell lung cancer survival. J. Clin. Oncol. 2012, 30, 1498–1504. [CrossRef]

8. Movsas, B.; Moughan, J.; Sarna, L.; Langer, C.; Werner-Wasik, M.; Nicolaou, N.; Komaki, R.; Machtay, M.; Wasserman, T.; Bruner,
D.W. Quality of life supersedes the classic prognosticators for long-term survival in locally advanced non-small-cell lung cancer:
An analysis of RTOG 9801. J. Clin. Oncol. 2009, 27, 5816–5822. [CrossRef]

9. Mak, K.S.; van Bommel, A.C.; Stowell, C.; Abrahm, J.L.; Baker, M.; Baldotto, C.S.; Baldwin, D.R.; Borthwick, D.; Carbone, D.P.;
Chen, A.B.; et al. Defining a standard set of patient-centred outcomes for lung cancer. Eur. Respir. J. 2016, 48, 852–860. [CrossRef]

10. Losanno, T.; Gridelli, C. Safety profiles of first-line therapies for metastatic non-squamous non-small-cell lung cancer. Expert Opin.
Drug Saf. 2016, 15, 837–851. [CrossRef]

11. Quinten, C.; Coens, C.; Mauer, M.; Comte, S.; Sprangers, M.A.G.; Cleeland, C.; Osoba, D.; Bjordal, K.; Bottomley, A. Baseline
quality of life as a prognostic indicator of survival: A meta-analysis of individual patient data from EORTC clinical trials. Lancet
Oncol. 2009, 10, 865–871. [CrossRef]

http://doi.org/10.1016/S0959-8049(97)00049-X
http://doi.org/10.1023/A:1026442201191
http://doi.org/10.1200/JCO.2007.13.3439
http://www.ncbi.nlm.nih.gov/pubmed/18227528
http://doi.org/10.1016/S0959-8049(02)00098-9
http://doi.org/10.1016/j.jtho.2018.11.019
http://www.ncbi.nlm.nih.gov/pubmed/30508641
http://doi.org/10.1017/S1478951509990216
http://www.ncbi.nlm.nih.gov/pubmed/19788770
http://doi.org/10.1200/JCO.2010.33.4631
http://doi.org/10.1200/JCO.2009.23.7420
http://doi.org/10.1183/13993003.02049-2015
http://doi.org/10.1517/14740338.2016.1170116
http://doi.org/10.1016/S1470-2045(09)70200-1


Cancers 2022, 14, 3343 10 of 10

12. Dalton, S.O.; Steding-Jessen, M.; Jakobsen, E.; Mellemgaard, A.; Osterlind, K.; Schuz, J.; Johansen, C. Socioeconomic position and
survival after lung cancer: Influence of stage, treatment and comorbidity among Danish patients with lung cancer diagnosed in
2004–2010. Acta Oncol. 2015, 54, 797–804. [CrossRef] [PubMed]

13. Cella, D.; Fallowfield, L.J. Recognition and management of treatment-related side effects for breast cancer patients receiving
adjuvant endocrine therapy. Breast Cancer Res. Treat. 2008, 107, 167–180. [CrossRef] [PubMed]

14. Reimer, T.; Gerber, B. Quality-of-life considerations in the treatment of early-stage breast cancer in the elderly. Drugs Aging 2010,
27, 791–800. [CrossRef]

15. Montazeri, A. Quality of life data as prognostic indicators of survival in cancer patients: An overview of the literature from 1982
to 2008. Health Qual. Life Outcomes 2009, 7, 102. [CrossRef] [PubMed]

16. Maione, P.; Perrone, F.; Gallo, C.; Manzione, L.; Piantedosi, F.; Barbera, S.; Cigolari, S.; Rosetti, F.; Piazza, E.; Robbiati, S.F.; et al.
Pretreatment Quality of Life and Functional Status Assessment Significantly Predict Survival of Elderly Patients with Advanced
Non—Small-Cell Lung Cancer Receiving Chemotherapy: A Prognostic Analysis of the Multicenter Italian Lung Cancer in the
Elderly Study. J. Clin. Oncol. 2005, 23, 6865–6872. [CrossRef]

17. Trask, P.C.; Hsu, M.A.; McQuellon, R. Other paradigms: Health-related quality of life as a measure in cancer treatment: Its
importance and relevance. Cancer J. 2009, 15, 435–440. [CrossRef]

18. Efficace, F.; Kemmler, G.; Vignetti, M.; Mandelli, F.; Molica, S.; Holzner, B. Health-related quality of life assessment and reported
outcomes in leukaemia randomised controlled trials—A systematic review to evaluate the added value in supporting clinical
decision making. Eur. J. Cancer 2008, 44, 1497–1506. [CrossRef]
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Brzecka, A. Quality of Life in Patients with Advanced Non-Small-Cell Lung Cancer Receiving Palliative Chemotherapy. Adv. Exp.
Med. Biol. 2019, 1160, 11–18. [CrossRef]

20. Aaronson, N.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.; de Haes,
J.C. The European-Organization-For-Research-And-Treatment-Of-Cancer QLQ-C30: A Quality-Of-Life Instrument for Use in
International Clinical-Trials in Oncology. J. Natl. Cancer Inst. 1993, 85, 365–376. [CrossRef]

21. Bergman, B.; Ahmedzai, N.S.; Kaasa, S.; Sullivan, M.; EORTC Study Group on Quality of Life. The EORTC QLQ-LC13: A modular
supplement to the EORTC core quality of life questionnaire (QLQ-C30) for use in lung cancer clinical trials. Lung Cancer 1994, 30,
635–642. [CrossRef]

22. Osoba, D.; Zee, B.; Pater, J.; Warr, D.; Kaizer, L.; Latreille, J. Psychometric properties and responsiveness of the EORTC quality of
Life Questionnaire (QLQ-C30) in patients with breast, ovarian and lung cancer. Qual. Life Res. 1994, 3, 353–364. [CrossRef]

23. Fayers, P.M.; Aaronson, N.K.; Bjordal, K.; Grønvold, M.; Curran, D.; Bottomley, A. EORTC QLQ-C30 Scoring Manual, 3rd ed.;
EORTC: Brussels, Belgium, 2001.

24. Oken, M.M.; Creech, R.H.; Tormey, D.C.; Horton, J.; Davis, T.E.; McFadden, E.T.; Carbone, P.P. Toxicity and response criteria of
the Eastern Cooperative Oncology Group. Am. J. Clin. Oncol. 1982, 5, 649–655. [CrossRef]

25. Barnett, K.; Mercer, S.W.; Norbury, M.; Watt, G.; Wyke, S.; Guthrie, B. Epidemiology of multimorbidity and implications for health
care, research, and medical education: A cross-sectional study. Lancet 2012, 380, 37–43. [CrossRef]

26. Stromgren, A.S.; Goldschmidt, D.; Groenvold, M.; Petersen, M.A.; Jensen, P.T.; Pedersen, L.; Hoermann, L.; Helleberg, C.; Sjogren,
P. Self-assessment in cancer patients referred to palliative care: A study of feasibility and symptom epidemiology. Cancer 2002, 94,
512–520. [CrossRef] [PubMed]

27. Greenland, S.; Pearl, J. Causal Diagrams for Epidemiologic Research. Epidemiology 1999, 10, 37–48. [CrossRef]
28. Glymour, M.M. Using Casual Diagrams to Understand Common Problems in Social Epidemiology. In Methods in Social Epidemiol-

ogy, 2nd ed.; Oaks, J.M., Kaufman, J.S., Eds.; Jossey-Bass: Hoboken, NJ, USA, 2017; pp. 458–493.
29. Saunders, C.T.; Blume, J.D. A classical regression framework for mediation analysis: Fitting one model to estimate mediation

effects. Biostatistics 2018, 19, 514–528. [CrossRef]
30. Kang, H. The prevention and handling of the missing data. Korean J. Anesthesiol. 2013, 64, 402–406. [CrossRef]
31. Papageorgiou, G.; Grant, S.W.; Takkenberg, J.J.M.; Mokhles, M.M. Statistical primer: How to deal with missing data in scientific

research? Interact. Cardiovasc. Thorac. Surg. 2018, 27, 153–158. [CrossRef]
32. Camerini, A.; Banna, G.L.; Cinieri, S.; Pezzuto, A.; Mencoboni, M.; Rosetti, F.; Figueiredo, A.; Rizzo, P.; Ricci, A.; Langenhoven,

L.; et al. Metronomic oral vinorelbine for the treatment of advanced non-small cell lung cancer: A multicenter international
retrospective analysis. Clin. Transl. Oncol. 2019, 21, 790–795. [CrossRef]

33. Montazeri, A.; Milroy, R.; Hole, D.; McEwen, J.; Gillis, C.R. Quality of life in lung cancer patients: As an important prognostic
factor. Lung Cancer 2001, 31, 233–240. [CrossRef]

34. Suttorp, M.M.; Siegerink, B.; Jager, K.J.; Zoccali, C.; Dekker, F.W. Graphical presentation of confounding in directed acyclic graphs.
Nephrol. Dial. Transplant. 2015, 30, 1418–1423. [CrossRef]

35. Williams, T.C.; Bach, C.C.; Matthiesen, N.B.; Henriksen, T.B.; Gagliardi, L. Directed acyclic graphs: A tool for causal studies in
paediatrics. Pediatr. Res. 2018, 84, 487–493. [CrossRef] [PubMed]

36. Baron, R.M.; Kenny, D.A. The Moderator-Mediator Variable Distinction in Social Psychological Research: Conceptual, Strategic,
and Statistical Considerations. J. Personal. Soc. Psychol. 1986, 51, 1173–1182. [CrossRef]

http://doi.org/10.3109/0284186X.2014.1001037
http://www.ncbi.nlm.nih.gov/pubmed/25761702
http://doi.org/10.1007/s10549-007-9548-1
http://www.ncbi.nlm.nih.gov/pubmed/17876703
http://doi.org/10.2165/11584700-000000000-00000
http://doi.org/10.1186/1477-7525-7-102
http://www.ncbi.nlm.nih.gov/pubmed/20030832
http://doi.org/10.1200/jco.2005.02.527
http://doi.org/10.1097/PPO.0b013e3181b9c5b9
http://doi.org/10.1016/j.ejca.2008.03.017
http://doi.org/10.1007/5584_2019_346
http://doi.org/10.1093/jnci/85.5.365
http://doi.org/10.1016/0959-8049(94)90535-5
http://doi.org/10.1007/BF00451727
http://doi.org/10.1097/00000421-198212000-00014
http://doi.org/10.1016/S0140-6736(12)60240-2
http://doi.org/10.1002/cncr.10222
http://www.ncbi.nlm.nih.gov/pubmed/11900236
http://doi.org/10.1097/00001648-199901000-00008
http://doi.org/10.1093/biostatistics/kxx054
http://doi.org/10.4097/kjae.2013.64.5.402
http://doi.org/10.1093/icvts/ivy102
http://doi.org/10.1007/s12094-018-1989-y
http://doi.org/10.1016/S0169-5002(00)00179-3
http://doi.org/10.1093/ndt/gfu325
http://doi.org/10.1038/s41390-018-0071-3
http://www.ncbi.nlm.nih.gov/pubmed/29967527
http://doi.org/10.1037/0022-3514.51.6.1173

	Introduction 
	Materials and Methods 
	Study Population 
	Quality of Life and Lung Cancer-Related Symptoms 
	Completion of First-Line Treatment 
	Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

