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Objective: We compared the health-related quality of life (HRQOL) of
disease-free lung cancer survivors with those from the general population.
Background: Although clinical research usually is focused on how to better
identify the lung patients most likely to benefit from surgery in terms of
survival, few studies have concentrated specifically on HRQOL in disease-
free lung cancer survivors compared with that of the general population.
Methods: We enrolled 830 disease-free cancer survivors (median time since
diagnosis, 4.11 years) who had a past diagnosis of lung cancer and treated with
curative surgery (stage from 0 to III) at either of 2 hospitals between 2001 and
2006, and 1000 subjects without a history of cancer were selected randomly
from a representative sample of general Korean population. Subjects filled
out a questionnaire that included the European Organization for Research and
Treatment of Cancer (EORTC) QLQ-C30 and the lung cancer module.
Results: There were no clinically meaningful differences between the disease-
free lung cancer survivors and general population in terms of any of the
functioning subscales and most of the symptoms. However, survivors ex-
hibited clinically meaningful worse dyspnea and financial problems on the
EORTC QLQ-C30 subscales and dyspnea, coughing, and pain in chest wall
on the EORTC QLQ-LC13 subscales than the general population. There was
no clinically significant difference between the survivor groups according
to the survival time. Survivors receiving lung resection, radiotherapy, and
chemotherapy had clinically meaningful worse dyspnea than survivors receiv-
ing only lung resection. Lung cancer survivors with a respiratory or cardiologic
comorbidity showed clinically meaningful worse social functioning, fatigue,
dyspnea, and financial problems.
Conclusions: These findings afford useful information clinicians preparing
patients for lung cancer treatment by providing them with an understanding of
the potential outcomes, and also for potential intervention targeting supportive
care needs.

(Ann Surg 2012;255:1000–1007)

A lthough lung cancer has one of the worst prognoses,1 the practice
of low-dose computed tomographic scanning as an early detec-

tion tool and improvement in patient management has increased the
number of long-term lung cancer survivors.2–5 The most recent 5-year
survival rate in Korea reported by the Korean Central Cancer Registry
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in 2009 was 16.7%.6 Surgical resection is considered to offer the best
survival outcomes for early-stage non–small-cell lung cancer.7

Although clinical research is usually focused on how to bet-
ter identify the patients most likely to benefit from surgery in terms
of survival, patients and surgeons also need information about the
potential health-related quality of life (HRQOL) outcomes.8–10 Self-
reported multidimensional HRQOL data describing physical, psy-
chological, social, and existential well-being after the diagnosis of
cancer have been accumulating.11 However, most of the literature
focuses on short-term HRQOL outcomes8,9,12 or on patients with
advanced-stage disease11,13–15 because of the poor prognosis.15 A
comparison with population-based reference data can provide greater
insight into the altered HRQOL of cancer patients16–19 and enable
health care providers to set HRQOL target levels11 and allow a pre-
cise estimation of the risk in tailored intervention strategies.2

We compared the HRQOL of disease-free lung cancer sur-
vivors with those from the general population and evaluate the im-
pact of types of treatment, period after treatment, and comorbidity on
survivors’ HRQOL. We hypothesized that HRQOL would be poorer
in lung cancer survivors than in the general population.

MATERIALS AND METHODS

Participants and Procedures
To understand lung cancer survivorship, a study was designed

to identify important survivorship issues including HRQOL, health
behavior, screening of a second primary cancer, and rehabilitation.

Lung Cancer Survivors
We identified 2049 patients who had been treated for lung can-

cer in 2 hospitals, the Samsung Medical Center (SMC) and National
Cancer Center (NCC) in South Korea, from 2001 through 2006. We
collected information about the primary cancer site, date of diagnosis,
stage, type of treatment, and other clinical characteristics from the
hospital cancer registries. Patients were eligible to participate if they
(1) had a past diagnosis of lung cancer, (2) were treated with curative
surgery, and (3) had no other history of cancer. Eligible subjects were
contacted by telephone, and those who agreed to participate were
surveyed by an interviewer with questionnaires at home or the clinic.
We excluded from this analysis the subjects whose cancer had re-
curred at that time. Because video-assisted thoracic surgery (VATS)
was not often performed from 2001 through 2006, we also excluded
patients who received it. Thus, all patients in this study had undergone
pulmonary resection via open thoracotomy. All participants provided
written informed consent.

Control Subjects
Our goal was to survey 1000 members of the general adult

population distributed over 15 geographic districts. In each district,
the survey was conducted in age strata according to guidelines of
the 2000 Korean census. We selected villages and streets by using a
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probability-proportional-to-size technique, which is widely used and
is the recommended method for obtaining a representative national
sample.20 The probability-proportional-to-size technique considers

FIGURE 1. Flow of the participants through the study.

the size of individual groups and corrects for differences in the prob-
ability of larger and smaller groups being sampled. All participants
provided written informed consent. The control group population and
data collection methods have previously been described elsewhere.21

The institutional review board of the NCC and the SMC reviewed
and approved the protocol of our study.

Instruments
Patients completed a questionnaire that covered demographic

and clinical characteristics, and a number of standardized instruments
designed to assess the HRQOL, existential well-being, fatigue, and
depression. We constructed 1 questionnaire to examine HRQOL for
lung cancer survivors. Questions covered the following topics: the
European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire Core-30 item (EORTC QLQ-C30) and lung
cancer module (QLQ-LC13).

The EORTC QLQ-C30 is a 30-item cancer-specific question-
naire for assessing the general HRQOL of cancer patients.22 The
questionnaire incorporates 5 functioning domains (physical, role,
cognitive, emotional, and social), 3 symptom scales (fatigue, pain,
and nausea and vomiting), global health and overall HRQOL scales,
and several single items that assess additional symptoms commonly
reported by cancer patients (eg, dyspnea, appetite loss, sleep distur-
bance, constipation, and diarrhea) along with the perceived financial
impact of disease and treatment. The QLQ-LC13 was designed to
assess the impact of common lung cancer treatment modalities. The
QLQ-LC13 has 1 multi-item scale (dyspnea) and 9 single items (pain
in the arm/shoulder, chest, and other organs; cough; hemoptysis;
dysphagia; peripheral neuropathy; alopecia; and mouth sores). The
Korean version of QLQ-C30 was validated, and the QLQ-LC13 was

TABLE 1. Characteristics of Surveys of Lung Cancer Patients Before and After Adjustment for Propensity Score

Before adjustment After Adjustment

Characteristics
Survey Agree

(n = 830)

Survey
Disagree
(n = 803) P

Percentage of
Survey
Agree∗

Percentage of
Survey

Disagree† Wald F‡ (P)

Wald F‡
Adjusted for
Propensity
Score (P)‡

Age
<55 157 (18.9) 178 (22.2) 20.4 20.4
≥55 673 (81.1) 625 (77.8) 0.104 79.6 79.6 0.104 0.986

Gender
Male 637 (76.8) 577 (71.9) 74.6 74.6
Female 193 (23.3) 226 (28.1) 0.024 25.5 25.4 0.024 0.999

Region
Metropolitan area 349 (42.1) 189 (29.4) 36.2 35.9
City/country 481 (58.0) 454 (70.6) <.001 63.8 64.1 <.001 0.960

Hospital
SMU 498 (60.0) 469 (58.4) 54.3 54.1
NCC 332 (40.0) 334 (41.6) 0.512 45.7 45.9 0.512 0.998

Stage
0–I 526 (63.4) 506 (63.0) 63.1 63.3
II–III 304 (36.6) 297 (37.0) 0.880 36.9 36.7 0.880 0.990

Survival times (yr)
<5 611 (73.6) 507 (63.1) 70.5 70.5
≥5 219 (26.4) 296 (36.9) <.001 29.5 29.5 <.001 0.993

Type of treatment
OP 491 (59.6) 548 (68.2) 63.5 62.8
OP + RT 51 (6.2) 61 (7.6) 5.7 7.3
OP + Chemo 226 (27.4) 154 (19.2) 25.4 24.5
OP + RT + Chemo 56 (6.8) 40 (5.0) <.001 5.4 5.4 <.001 0.934

∗Sample size = 830; weighted = 1469.5.
†Sample size = 803; weighted = 1462.6.
‡F statistic based on Wald χ2. The propensity score that summarizes collection of different observable characteristics between surveys agree and disagree.
Percentage weighted to reflect all eligible cancer survivors. OP indicates operation; RT, radiotherapy; Chemo, chemotherapy.
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TABLE 2. Characteristics of Lung Cancer Survivors and the General Population Before and After Adjustment for Propensity
Score

Characteristics

Cancer
Survivors
(n = 830)

General
Population
(n = 1000) P

Percentage of
Cancer

Survivors∗

Percentage of
General

Population† Wald F‡ (P)

Wald F‡
Adjusted for
Propensity
Score (P)§

Age
<55 157 (18.9) 804 (80.4) 54.5 52.6
≥55 673 (81.1) 196 (19.6) <0.001 45.5 47.4 <0.001 0.904

Gender
Male 637 (76.8) 500 (50.0) 57.2 60.3
Female 193 (23.3) 500 (50.0) <0.001 42.8 39.7 <0.001 0.932

Region
Metropolitan area 349 (42.1) 484 (48.4) 41.3 48.9
City/country 481 (58.0) 516 (51.6) 0.007 58.7 51.2 0.007 0.712

Marital (living with spouse)
Yes 764 (92.1) 712 (71.2) 84.2 79.4
No 66 (8.0) 288 (28.8) <0.001 15.8 20.6 <0.001 0.567

Education
≤Middle school 387 (46.7) 162 (16.2) 31.5 30.4
≥High school 441 (53.3) 838 (83.8) <0.001 68.5 69.6 <0.001 0.913

Income (USD)¶
<3000 603 (72.7) 614 (61.8) 68.8 64.3
≥3000 226 (27.3) 379 (38.2) <0.001 31.2 35.7 <0.001 0.848

Job
Yes 322 (38.8) 635 (63.5) 49.7 55.4
No 507 (61.2) 365 (36.5) <0.001 50.3 44.6 <0.001 0.555

BMI
<25 595 (72.9) 785 (78.6) 76.4 74.8
≥25 221 (27.1) 214 (21.4) 0.005 23.6 25.2 0.005 0.895

Alcohol (current)
Yes 188 (22.7) 660 (66.0) 49.6 46.4
No 642 (77.4) 340 (34.0) <0.001 50.4 53.6 <0.001 0.171

Smoking (current)
Yes 60 (7.2) 308 (30.8) 25.6 19.9
No 770 (92.8) 692 (69.2) <0.001 74.4 80.1 <0.001 0.326

Comorbidity
Yes 452 (54.7) 257 (25.7) 37.3 42.8
No 375 (45.3) 743 (74.3) <0.001 62.7 57.2 <0.001 0.821

∗Cancer Survivors’ sample size = 830; weighted = 1892.0.
†General population’s ample size = 1000; weighted = 1789.8.
‡F statistic based on Wald χ2.
§The propensity score that summarizes collection of different observable characteristics between cancer patients and general population.
¶1 US$ 1020 won.
Percentage weighted to reflect all eligible cancer patients.

translated into Korean by the forward–backward translation process
and was pilot-tested with the original author’s approval.

In addition to the previously described measures, the full sur-
vey instrument also included items concerning the utilization of can-
cer information and complementary and alternative medicine needs
after treatment, health behavior, and screening for a second primary
cancer, return to work, posttraumatic growth, fatigue, distress, and
sexuality. We will publish these findings in the future. The feasibility
and comprehensibility of the survey instrument were pretested with
20 lung cancer survivors. Completing the entire questionnaire took
approximately 50 minutes.

Statistical Methods
Propensity-Based Weighting, Propensity Adjustment

We performed all analyses using data weighted to the pop-
ulation of eligible patients because half of the patients did not re-
spond, and those who did respond might have differed significantly

from those who did not, causing a selection bias. To adjust for ob-
served differences between survey participants and nonparticipants,
we used a weighting method based on propensity scores.23 Propensity
scores were defined as the conditional probability of being a respon-
dent given all covariates available from both responding and non-
responding survivors (age, gender, region, hospital, survival times,
and type of treatment), which we collected from hospital cancer reg-
istries. After propensity scores were assigned, subjects were grouped
into quintiles and given the weight, which was the inverse of the
mean propensity score for the stratum. In addition to propensity-
based weights, we used 2 different propensity scores to control for
differences in the characteristics: (1) between survey participants
and nonparticipants in the lung cancer patients (age, gender, re-
gion, hospital, survival times, and type of treatment) and (2) be-
tween lung cancer patients and the general population group (age,
gender, region, marital status, education, house income, occupational
status, BMI [body mass index], alcohol use, smoking status, and
comorbidity).
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FIGURE 2. Least squares mean scores (adjusted for age, sex, comorbidity) of EORTC QLQ-C30 and QLQ-LC13 among the lung
cancer survivors population and general population EORTC QLQ-C30. ∗P < 0.01 from analysis of covariance with a generalized
linear model and are for the comparison between cancer survivors and general population and clinical meaningful difference as
10-point difference.

Analysis of Outcomes
We scored the QLQ-C30 and QLQ-LC13 items according to

the EORTC scoring manual. We linearly transformed the QLQ-C30
and QLQ-LC13 data to yield scores from 0 to 100; a higher score
represented a better level of functioning or a higher level of symptoms
respectively. We handled incomplete questionnaires according to the
developers’ recommendations.

We used descriptive statistics for clinical, socioeconomic, and
therapeutic variables and t and χ 2 tests. We compared lung cancer
survivors with the general population controls on the basis of mul-
tivariate (age, marital status, education, religion, and employment
status)-adjusted HRQOL means and the proportion of "problematic
groups" in each HRQOL scale. We defined a problematic group as
one with a global HRQOL or functioning scale score of 33 or less,
or a symptom scale score of 66 or more, on the QLQ-C30 and QLQ-
LC13, respectively.24 We also compared multivariate-adjusted means
(age, sex, type of treatment, time since surgery, and comorbidity)
of HRQOL between the treatment subgroups. We used analysis of
covariance with a generalized linear model to determine significant
differences between groups. We used multiple regression analysis to
examine the impact of demographic and clinical characteristics on

HRQOL. Because there were multiple comparisons, we considered a
P value less than 0.01 to be statistically significant on the univariate
and multivariate analyses, and we defined a “clinically meaningful”
difference in HRQOL as a 10-point difference in the mean score.22,24

All statistical tests were 2-sided. All statistical tests were 2-sided and
performed using SAS version 9.2 (SAS Institute, Inc, Cary, NC).

RESULTS
Subjects and Recruitment Results

We identified 2049 potentially eligible lung cancer survivors
from the participating registries. Of these, 126 (6.1%) had died. We
made multiple attempts to contact the others by postcard or telephone
but were not able to reach 290 (14.2%) of them; the most frequent
reason for contact failure was a change of address or telephone num-
ber. Of the 1633 (79.7%) patients who were contacted, 727 (35.5%)
refused to participate. The reasons given most frequently were that
the survey was inconvenient, that it took too long to complete, or that
the patient felt too ill. Ultimately, 906 (44.2%) patients consented to
participate to the survey. Of these, we excluded 76 patients who had
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recurrent cancer at the time, 830 patients remained in the study and
803 patients did not participate in survey (Fig. 1).

About the control group, 1483 refused to participate or did not
complete the survey among 2483 eligible persons; 1000 did complete
the survey, yielding a response rate of 40.3%. The most frequent
reasons people gave for refusing to participate were that they felt too
busy to complete the questionnaire (n = 670), that the survey was
inconvenient (n = 332), and that they did not want to provide personal
information (n = 165).

Sociodemographic and Clinical Characteristics
Compared with patients who did not respond to the question-

naire, responders who lived in metropolitan areas had shorter survival
times and received combined treatment with chemotherapy and/or ra-
diation therapy along with the operation (P < 0.01). After adjustment
for the propensity score, however, no significant differences were
evident between them (Table 1).

The lung cancer group differed significantly from the general
population control group in several sociodemographic and health-
related characteristics. After adjustment for the propensity score,
however, no significant differences were evident (Table 2).

Comparison of HRQOL Between Lung Cancer
Survivors and the General Population

Figure 2 presents a comparison of least mean square score
(adjusted for age, sex, and comorbidity) of subscales of the EORTC
QLQ-C30 and QLQ-LC13 between the lung cancer survivors and
general population groups. Lung cancer survivors and general pop-

ulation subjects did not exhibit significantly different multivariate-
adjusted mean scores and clinically meaningful worse scores as 10-
point than the general population in most of the functioning and
symptoms except for dyspnea and financial problems on the sub-
scales of the EORTC QLQ-C30 and dyspnea, coughing, and pain in
chest wall on subscales of the EORTC QLQ-LC13.

HRQOL by Survival Times After Diagnosis in Lung
Cancer Survivors

Most of the HRQOL scores based on survival time did not
significantly differ in the function or symptom subscales of EORTC
QLQ-C30 or QLQ-LC13 except for pain and especially chest pain.
Moreover, there was no clinically significant difference between
groups in terms of survival time (Table 3).

HRQOL by Types of Treatment in Lung Cancer
Survivors

Most HRQOL scores by treatment type did not significantly
differ in any of the functioning or symptom subscales of EORTC
QLQ-C30 or QLQ-LC13, except for physical, role and social func-
tioning, financial problems, and dyspnea. Compared with survivors
receiving only lung resection, survivors receiving both lung resec-
tion and radiotherapy were clinically meaningfully worse and had
worse financial problems. Cancer survivors receiving lung resection,
radiotherapy, and chemotherapy showed clinically meaningful worse
score in terms of dyspnea than survivors receiving only lung resection
(Table 4).

TABLE 3. Item Statistics of the EORTC QLQ-C30 and QLQ-LC13 by the Time After Surgery

Less Than 5 Years (n = 611) 5 Years or More (n = 219)

LSMEAN∗ SE LSMEAN∗ SE P

Functioning scales
Global health status/QOL 55.8 1.4 57.6 1.8 0.268
Physical functioning 69.5 1.3 72.6 1.7 0.047
Role functioning 73.5 1.7 77.0 2.2 0.074
Emotional functioning 78.7 1.4 81.9 1.8 0.049
Cognitive functioning 76.9 1.4 79.5 1.8 0.106
Social functioning 78.3 1.7 81.8 2.1 0.072

Symptom scales
Fatigue 35.2 1.7 31.9 2.2 0.088
Nausea/vomiting 7.8 1.1 7.5 1.4 0.840
Pain 22.3 1.6 16.3 2.1 0.001
Dyspnea 40.2 2.2 36.2 2.8 0.118
Insomnia 21.6 2.0 19.1 2.6 0.266
Appetite loss 20.1 1.9 15.9 2.4 0.047
Constipation 13.6 1.6 9.8 2.1 0.046
Diarrhea 8.9 1.3 6.6 1.7 0.148
Financial problems 26.4 2.1 24.4 2.7 0.410

Lung cancer symptom scales
Dyspnea 31.9 1.6 29.3 2.0 0.153
Coughing 20.4 1.7 19.2 2.2 0.533
Hemoptysis 1.5 0.6 2.4 0.8 0.189
Sore Mouth 9.6 1.2 9.7 1.6 0.938
Dysphagia 7.0 1.2 6.3 1.5 0.599
Peripheral neuropathy 17.8 1.7 16.1 2.3 0.398
Alopecia 14.4 1.6 13.2 2.0 0.527
Pain in chest 20.8 1.8 15.4 2.3 0.009
Pain in arm or shoulder 26.3 1.9 22.4 2.5 0.079
Pain in other parts 14.9 1.7 13.5 2.2 0.469

∗Adjusted for age, sex, treatment type, and comorbidity type.
High scores for the EORTC QLQ-C30 and QLQ-LC13 mean better functioning or worse symptoms. LSMEAN indicates linear square mean; SE, standard error.
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TABLE 4. Item Statistics of the EORTC QLQ-C30 and QLQ-LC13 by the Treatment Type

OP + RT OP + CT OP + RT + CT
OP (n = 491) (n = 51) (n = 226) (n = 56)

LSMEAN∗ SE LSMEAN∗ SE LSMEAN∗ SE LSMEAN∗ SE P

Functioning scales
Global health status/QOL 60.5 1.2 55.3 2.9 58.4 1.7 52.6 2.8 0.016
Physical functioning 75.1 1.2 72.0 2.8 71.0 1.6 66.2 2.7 0.002
Role functioning 80.4 1.4 72.9 3.5 77.0 2.1 70.6 3.4 0.006
Emotional functioning 81.6 1.2 81.7 2.9 80.6 1.7 77.3 2.8 0.470
Cognitive functioning 79.6 1.2 80.1 2.9 78.2 1.7 75.0 2.8 0.366
Social functioning 85.0 1.4 77.6 3.5 80.8 2.0 76.8 3.3 0.008

Symptom scales
Fatigue 32.2 1.4 31.3 3.5 33.7 2.0 36.8 3.4 0.511
Nausea/vomiting 7.9 0.9 5.9 2.3 8.0 1.3 8.9 2.2 0.781
Pain 18.6 1.4 19.4 3.3 18.6 2.0 20.6 3.2 0.930
Dyspnea 33.0 1.9 38.3 4.6 36.6 2.7 45.0 4.4 0.032
Insomnia 22.1 1.7 14.1 4.2 22.1 2.4 23.2 4.0 0.266
Appetite loss 17.1 1.6 15.9 3.9 18.2 2.3 20.8 3.8 0.729
Constipation 12.6 1.4 10.9 3.4 12.1 2.0 11.2 3.3 0.935
Diarrhea 8.9 1.2 6.4 2.8 8.3 1.6 7.4 2.7 0.795
Financial problems 18.0 1.8 29.1 4.3 26.8 2.5 27.6 4.2 <0.001

Lung cancer symptom scales
Dyspnea 26.1 1.4 29.3 3.3 28.9 1.9 38.2 3.2 0.002
Coughing 15.5 1.5 23.3 3.5 19.2 2.1 21.2 3.4 0.037
Hemoptysis 1.6 0.5 3.3 1.3 1.6 0.7 1.2 1.2 0.576
Sore Mouth 7.6 1.1 7.5 2.6 11.1 1.5 12.3 2.5 0.044
Dysphagia 5.8 1.0 4.8 2.5 6.2 1.4 10.0 2.4 0.311
Peripheral neuropathy 17.6 1.5 11.4 3.7 22.2 2.1 16.6 3.5 0.021
Alopecia 12.5 1.4 13.5 3.3 13.7 1.9 15.4 3.2 0.773
Pain in chest 18.9 1.5 15.0 3.8 18.8 2.2 19.7 3.6 0.757
Pain in arm or shoulder 22.4 1.7 20.1 4.1 25.4 2.4 29.5 3.9 0.163
Pain in other parts 14.2 1.4 16.0 3.5 15.1 2.0 11.6 3.4 0.753

∗Adjusted for age, sex, time after surgery, and comorbidity type.
High scores for the EORTC QLQ-C30 and QLQ-LC13 mean better functioning or worse symptom. OP indicates operation; RT, radiotherapy; CT, chemotherapy; LSMEAN,

linear square mean; SE, standard error.

Influence of Comorbidities on Survivor QOL
When compared by least mean square analysis of covariance,

the lung cancer survivors with comorbidities reported significantly
lower functioning and higher level of symptoms than survivors with-
out any comorbidity except for nausea/vomiting, insomnia, appetite
loss, constipation, and diarrhea on the EORTC QLQ-C30 symptom
subscales and hemoptysis, sore mouth, dysphagia, and pain in chest
on the EORTC QLQ-L13 subscales. When a clinically meaningful
difference was defined as more than 10 points, however, cancer sur-
vivors with a respiratory or cardiologic comorbidity had a clinically
lower level of social functioning, along with clinically higher level
of symptoms such as fatigue, dyspnea, and financial problems on the
EORTC QLQ-C30 subscales (Table 5).

DISCUSSION
To our knowledge, this is the first large study to compare

the HRQOL of lung cancer survivors with the general population.
As demonstrated by these findings, lung cancer survivors have not
only the general problems of cancer survivors but also certain spe-
cific problems with different HRQOL and potentially different re-
habilitation needs.11 The findings show that lung cancer HRQOL
is comparable to the HRQOL (ie, clinically not different) on all of
the HRQOL subscales except a few. We found that, compared with
general population, lung cancer survivors had no clinically mean-
ingful difference across all dimensions of functioning compared to
the general population. Earlier studies report that HRQOL is im-

paired by lung cancer surgery but quickly returns to preoperative
level within 6 to 12 months8,9,25–28 and 2 years after surgery displays
little difference.8,11 Our results provide additional support for the re-
covery of well-being. However, we found that, compared with general
population, cancer survivors had more severe respiratory problems
such as dyspnea, chest pain, cough and financial problems even af-
ter recovery from treatment. The findings that lung cancer survivors,
compared with the general population, had clinically meaningful dif-
ferences in subscale scores for financial problems, cough, dyspnea,
and chronic chest pain have important implications for planning for
their care. Financial difficulties have also been reported in stomach
cancer survivors,29 and lung cancer survivors have more difficulty
working and report more disruptions in day-to-day activity than sur-
vivors of other cancers,30 which might lead to reduced income and
financial difficulties. Common complaints of thoracotomy patients
are respiratory symptoms with dyspnea and cough15 and the chronic
pain seen after lung cancer treatment,2,8 a pain that persists in about
1 of 3 lung cancer survivors.2,31,32 The survivors’ perception of pain
and dyspnea was important to the perceived HRQOL, implying a
need for monitoring respiratory symptoms and chronic pain.2,8 In
this study, however, we found only small and not clinically mean-
ingful differences in those symptoms between short- and long-term
survivors. Those problems, though, can provide useful information
for clinicians as they prepare patients for lung cancer surgery in the
areas of informed decision-making, planning, and referral to the ap-
propriate services, all of which require a full understanding of the
impairment and its difficulties.8
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TABLE 5. Item Statistics of the EORTC QLQ-C30 and QLQ-LC13 by Comorbidity Type

Cardiac or pulmonary†
None (n = 375) Other∗ (n = 388) (n = 64)

LSMEAN‡ SE LSMEAN‡ SE LSMEAN‡ SE P

Functioning scales
Global health status/QOL 60.5 1.4 56.5 1.5 53.2 2.6 0.004
Physical functioning 76.1 1.4 70.4 1.4 66.7 2.6 <0.001
Role functioning 79.8 1.7 74.4 1.8 71.6 3.2 0.002
Emotional functioning 84.8 1.5 80.0 1.5 76.1 2.7 <0.001
Cognitive functioning 82.5 1.5 76.8 1.5 75.4 2.7 <0.001
Social functioning 85.1 1.7 80.0 1.7 75.0 3.1 <0.001

Symptom scales
Fatigue 26.6 1.7 35.0 1.7 38.9 3.2 <0.001
Nausea/vomiting 5.7 1.1 7.2 1.1 10.1 2.0 0.080
Pain 15.1 1.7 20.0 1.7 22.8 3.0 0.003
Dyspnea 31.8 2.3 39.0 2.3 43.8 4.1 0.001
Insomnia 16.8 2.1 22.2 2.1 22.2 3.8 0.028
Appetite loss 15.0 1.9 17.4 2.0 21.6 3.5 0.142
Constipation 11.1 1.7 12.7 1.7 11.3 3.1 0.613
Diarrhea 6.0 1.4 10.1 1.4 7.1 2.6 0.015
Financial problems 20.0 2.2 25.3 2.2 30.7 3.9 0.006

Lung cancer symptom scales
Dyspnea 26.7 1.6 31.9 1.7 33.2 3.0 0.004
Coughing 16.7 1.8 22.6 1.8 20.1 3.2 0.004
Hemoptysis 3.1 0.6 1.3 0.6 1.4 1.1 0.016
Sore Mouth 8.2 1.3 9.4 1.3 11.3 2.3 0.351
Dysphagia 5.3 1.2 6.4 1.2 8.4 2.2 0.325
Peripheral neuropathy 11.4 1.8 18.1 1.8 21.3 3.3 <0.001
Alopecia 10.8 1.6 16.2 1.7 14.4 3.0 0.006
Pain in chest 14.6 1.9 18.1 1.9 21.6 3.4 0.053
Pain in arm or shoulder 18.5 2.0 26.6 2.0 27.9 3.7 <0.001
Pain in other parts 7.5 1.7 18.4 1.7 16.7 3.2 <0.001

∗Have been diagnosed with cerebrovascular disease (ex: stroke), diabetes mellitus, liver disease (ex: chronic hepatitis, cirrhosis), hypertension, infectious diseases (ex: tuberculosis),
digestive diseases (ex: chronic gastritis, stomach ulcers, duodenal ulcer), musculoskeletal disorders (ex: osteoarthritis, rheumatoid arthritis), kidney disease, etc.

†Have been diagnosed with pulmonary (ex: chronic bronchitis, asthma) or cardiac diseases (ex: chronic heart failure).
‡Adjusted for sex, age, treatment type, and time after surgery.
High scores for the EORTC QLQ-C30 and QLQ-LC13 mean better functioning or worse symptom. LSMEAN indicates linear square mean; SE, standard error.

Our study suggested that while the combination of chemother-
apy and radiotherapy after thoracotomy did not show clinically mean-
ingful differences in many symptoms of EORTC QLQ-C30 and
its lung cancer module, it might result in clinically meaningful
changes in dyspnea symptoms. Following lung resection, dyspnea is
a common sequela of radiation therapy and many chemotherapeutic
agents.2,33–35 The recent wider application of multimodality treatment
options thus may influence the clinical significance of dyspnea.

In this study, more than half of the survivors had at least 1
comorbid condition, which is comparable with earlier findings.11 The
presence of cardiac or pulmonary disease was clinically negatively
related to HRQOL in terms of social functioning and symptoms (fa-
tigue, dyspnea, and financial difficulties). In particular, the comorbid
condition of cardiac disease might have a significant negative impact
on the HRQOL outcomes in cancer survivors.2,36–38

The interesting findings from this study suggest that after
the initial diagnosis, and tailored interventions together with risk
assessment such as multimodality treatment, continued smoking, and
comorbidities should be provided for respiratory symptoms, pain,
financial problems.8,11,39 In addition, long-term intervention strate-
gies for ameliorating respiratory symptoms and easing socioeco-
nomic difficulties, and continued surveillance of lung cancer sur-
vivors with recurrence, need to be included in survivorship care
planning.2

There are important limitations to consider in interpreting the
results of this study. One of the threats to validity is the low response

rate (44.2%), which restricted the generalizability of our findings to
similar groups of lung cancer survivors. More severely impaired sur-
vivors may have elected not to participate. However, we minimized
that potential bias by using a response propensity-weighted analysis.
Second, another limitation was selection bias, which restricted the
generalizability of these findings to similar groups of lung cancer
survivors. Our study sample may not be representative of the general
population of lung cancer survivors, because it was accrued from 2 se-
lected academic centers. Third, because we did not match treatment
and control subjects by age and sociodemographic characteristics,
there may have been a selection bias. However, the propensity-based
weighting method allows for much better control than prior studies of
cancer survivors who were matched on only a few characteristics, such
as age and education.40 In addition to the biases we adjusted for, there
might also be a bias following from the lung cancer survivors’ being
older than the general population and having had chemo-/radiation
therapy, which the adjustment for propensity scores would not have
overcome. Fourth, in this cross-sectional study, we were not able to
assess HRQOL changes before and after treatment, thus it was not
possible to determine how the HRQOL before lung cancer treatment
influenced the HRQOL after treatment. Fifth, though it would be
reasonable to compare the lung cancer patients’ HRQOL with the
HRQOL of the patients who underwent a thoracotomy for other pur-
poses, this study did not include them. For greater understanding of
lung cancer patients’ HRQOL, further studies need to be done with
those patients included.
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In spite of its limitations, this study did indicate that disease-
free survivors of lung cancer had good HRQOL, but many lung
cancer survivors had cough, dyspnea, and pain, as well as associated
financial problems, compared with the general population. These
findings comprise useful information for clinicians preparing patients
for lung cancer treatment by providing them with an understanding
of the potential outcomes (HRQOL).8 They also can serve as the
basis for potential intervention for rehabilitation and supportive care
needs among lung cancer survivors after cancer treatment.11 Further
study is needed to explore potential interventions to support lung
cancer patients afflicted with pulmonary symptoms, pain, and other
cardiopulmonary diseases.
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