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Abstract

Background: There are conflicting and inconsistent results in the literature on the prognostic role of quality of life
(QoL) in cancer. We investigated whether QoL at admission could predict survival in lung cancer patients.

Methods: The study population consisted of 1194 non-small cell lung cancer patients treated at our institution
between Jan 2001 and Dec 2008. QoL was evaluated using EORTC-QLQ-C30 prior to initiation of treatment. Patient
survival was defined as the time interval between the date of first patient visit and the date of death from any
cause/date of last contact. Univariate and multivariate Cox regression evaluated the prognostic significance of QoL.

Results: Mean age at presentation was 58.3 years. There were 605 newly diagnosed and 589 previously treated
patients; 601 males and 593 females. Stage of disease at diagnosis was I, 100; II, 63; III, 348; IV, 656; and 27
indeterminate. Upon multivariate analyses, global QoL as well as physical function predicted patient survival in the
entire study population. Every 10-point increase in physical function was associated with a 10% increase in survival
(95% CI = 6% to 14%, p < 0.001). Similarly, every 10-point increase in global QoL was associated with a 9%
increase in survival (95% CI = 6% to 11%, p < 0.001). Furthermore, physical function, nausea/vomiting, insomnia,
and diarrhea (p < 0.05 for all) in newly diagnosed patients, but only physical function (p < 0.001) in previously
treated patients were predictive of survival.

Conclusions: Baseline global QoL and physical function provide useful prognostic information in non-small cell
lung cancer patients.

Background
Lung cancer is the most common cancer in the United
States in terms of incidence and mortality with 219,440
new cases and 159,390 deaths in 2009 [1]. Patients with
lung cancer experience a variety of distressing symp-
toms, many of which begin prior to diagnosis and con-
tinue throughout the course of the disease and its
treatment, adversely affecting functional status and qual-
ity of life (QoL) [2,3]. The vast majority of patients,
especially those with advanced disease, do not have
curative treatment options and therefore, the goal of
therapy for such patients is prolongation of survival
without negatively impacting QoL [4]. Unfortunately,
differences in survival time across the spectrum of avail-
able treatments for advanced lung cancer are modest.
Thus, treatment for lung cancer which offers the

potential for prolonging patient survival must always be
judged in the context of its effects on patient QoL [5-8].
Since every patient’s QoL is multidimensional, consist-

ing of physical, functional, psychological, social, and
spiritual domains [5], there is a growing consensus that
treatment efficacy should be judged by its effects on
both quantity and quality of life. This has led to the
inclusion of QoL assessment as a primary endpoint in
all types of clinical trials along with the traditional end-
points of tumor response and survival. There is general
agreement in the medical and scientific research com-
munities that patients are the best source of QoL infor-
mation, especially when these patient-reported
outcomes can be defined scientifically and measured
with validated tools.
Extensive data in the literature have shown that QoL

tools measuring the activities of daily life can predict
survival in several different types of cancers independent
of the extent of the disease and other clinical prognostic
factors [9-27]. These studies have used different QoL
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instruments which can be broadly classified into generic
and targeted [28]. Generic QoL instruments tend to ask
questions general enough for broad applicability, includ-
ing for use among individuals in good health. On the
other hand, targeted measures may focus on specific
symptoms that are common to a particular cancer or to
its treatment. There is no “gold standard” cancer QoL
questionnaire available and the choice of selecting a
QoL questionnaire for a particular study is governed for
the most part by the research goals of that study.
The positive relationship between QoL and survival

as described above has not been universally observed
in the literature, with some studies founding no asso-
ciation between QoL and survival [29-31]. As a result,
there is no unanimity on the prognostic role of QoL in
cancer. These conflicting and inconsistent results in
the literature could perhaps reflect the different meth-
odologies used to analyze the data (as an example by
selecting different cut off values for variables), different
patient populations investigated, different QoL ques-
tionnaires used, or alternatively, different selection of
covariates to be included in the regression analysis
[32]. Moreover, it is currently unclear why QoL may
be prognostic, and it has been hypothesized that, in
patients with micrometastatic disease, there is produc-
tion of tumor factors that affect general health and
that patients perceive this and report it in terms of
poor QoL before it is clinically or radiologically appar-
ent [33]. Therefore, preclinical progression of disease
after curative treatment may be associated with wor-
sening of QoL, which may be assessed with self-
reported QoL measures [33]. It is possible that QoL
presumably captures those aspects of disease severity
that may not be apparent in the observer-rated perfor-
mance status or tumor burden [34]. In the light of the
above, we investigated whether QoL can predict survi-
val in non-small cell lung cancer patients treated at a
community hospital comprehensive cancer center.

Methods
Study Sample
We examined 1194 histologically confirmed non-small
cell lung cancer patients treated at Cancer Treatment
Centers of America® (CTCA) at Midwestern (MRMC)
and Southwestern (SRMC) Regional Medical Centers
between Jan 2001 and Dec 2008. None of these patients
had received any treatment at our hospitals when con-
tacted to participate in this investigation. The inclusion
criteria for participation in this study were a histological
diagnosis of lung cancer and the ability to read English.
Patients with all stages of lung cancer were eligible for
the study. Patients were excluded if they were unable to
give informed consent or were unable to understand or
cooperate with study conditions.

A trained clinical coordinator was responsible for
determining eligibility, describing the study, and obtain-
ing informed consent. All patients were assured that
refusal to participate would not affect their future care
in any way. Patients who chose to participate were pre-
sented with the questionnaire at their initial visit and
instructed to return their completed questionnaires to
the clinical coordinator within 24 hours; thus, patients
completed questionnaires prior to receiving therapy at
our facility. Data were systematically collected and
entered in an excel spreadsheet which was maintained
by the Office of Clinical Research. Several quality checks
were performed from time to time to ensure complete-
ness and accuracy of data. QoL data used in this study
is part of a long-term prospective database on QoL in
cancer patients treated at CTCA.
Additional patient data recorded for this study were

gender, age at presentation (current age), stage of dis-
ease at diagnosis and prior treatment history. The only
follow-up information required was the date of death or
the date of last contact/last known to be alive. This
study was approved by the Institutional Review Boards
at MRMC and SRMC.

QoL Assessment
QoL was assessed using European Organization for the
Research and Treatment of Cancer Core Quality of Life
Questionnaire (QLQ-C30), which emphasizes a patient’s
capacity to fulfill the activities of daily living. The QLQ-
C30 is a 30-item cancer specific questionnaire that
incorporates five functioning scales (physical, role, cog-
nition, emotional, and social), nine symptom scales (fati-
gue, pain, and nausea/vomiting, dyspnea, insomnia, loss
of appetite, constipation, diarrhea, financial problems),
and a global health status/QoL scale. The raw scores are
linearly transformed to give standard scores in the range
of 0-100 for each of the functioning and symptom
scales. Higher scores in the global and functioning scales
and lower scores in the symptom scales indicate better
QoL. A difference of 5-10 points in the scores repre-
sents a small change, 10-20 points a moderate change
and greater than 20 points a large clinically significant
change from the patient’s perspective [35]. This instru-
ment has been judged to be reliable and valid as a result
of extensive testing in a wide range of clinical cancer
populations [36-38].

Prespecified Baseline Clinical Factors
Baseline clinical factors that were assessed for prognos-
tic significance were gender, current age, stage of disease
at diagnosis and prior treatment history. Stage at diag-
nosis was categorized into two groups consisting of
locoregional (stages I-III) and metastatic (stage IV) dis-
ease. The prior treatment history variable categorized
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the patients into those who have received definitive can-
cer treatment elsewhere before coming to our institution
and those who were newly diagnosed at the time of pre-
sentation to our institution. These data were obtained
from the tumor registries of MRMC and SRMC.

Data Analysis and Statistical Methods
Patient survival was the primary end point and
defined as the time interval between the date of first
patient visit to the hospital and the date of death
from any cause or the date of last contact/last known
to be alive. The overall survival was calculated using
the Kaplan-Meier or product-limit method. Clinical
and QoL variables were also evaluated using univari-
ate Cox regression analyses to determine which para-
meters showed individual prognostic value for
survival. Multivariate Cox regression analyses were
then performed to evaluate the joint prognostic signif-
icance of those QoL and clinical factors that were
shown to be prognostic in univariate analyses. We
used both forward stepwise method as well as the
block entry method (all variables entered together at
the same time in one block). Forward stepwise
method was used because, as is common in QoL data,
many of the individual QoL scales are highly corre-
lated. Stepwise regression avoids the problem of mul-
ticollinearity because two highly correlated attributes
will normally not both be entered in the model. Since
the global QoL scale of the QLQ-C30 is highly corre-
lated with other scales, it was not included in prog-
nostic indicator analyses when other variables from
QLQ-C30 were used, in order to achieve model stabi-
lity [28]. Instead, global QoL was analyzed separately
after adjusting for clinical and demographic factors.
Separate analyses stratified by prior treatment history
were conducted to identify QoL factors prognostic of
survival in both newly diagnosed and previously trea-
ted patients.
Cox regression with time-invariant covariates assumes

that the ratio of hazards for any two groups remains
constant in proportion over time. We checked this
assumption by first examining log-minus-log plots for
the categorical predictors and then fitting a Cox regres-
sion with a time-varying covariate for each predictor in
turn. Each QLQ-C30 scale was treated as a continuous
variable for the purpose of Cox regression analyses. The
effect of QoL parameters on patient survival was
expressed as Hazard Ratios (HRs) with 95% confidence
intervals (CIs). Pearson’s correlation coefficients were
used to investigate the association between different
QoL variables. An effect was considered to be statisti-
cally significant if the p value was less than or equal to
0.05. All data were analyzed using SPSS version 17.0
(SPSS, Chicago, IL, USA).

Results
Patient characteristics
Table 1 describes the baseline characteristics of our
patient cohort while Table 2 provides descriptive statis-
tics for the population from the QLQ-C30 scale scores.
Among the QLQ-C30 functioning scales, role function-
ing had the lowest (worst) mean score of 58.9 while the
highest (best) mean score of 74.9 was recorded for cog-
nitive functioning. Among the QLQ-C30 symptom
scales, diarrhea had the lowest (best) mean score of 9.9
while the highest (worst) mean score of 46.8 was
recorded for fatigue.

Relationship between QoL and other covariates
Table 3 describes the distribution of QoL scores by
stage of disease and prior treatment history using 2

Table 1 Baseline characteristics of 1194 lung cancer
patients

Characteristic Categories Number Percent

Age at presentation (years) ■ Mean 58.3

■ Median 58.5

■ Range 21.6-86.4

Gender ■ Male 601 50.3

■ Female 593 49.7

Tumor Stage at Diagnosis ■ Stage 1 100 8.4

■ Stage 2 63 5.3

■ Stage 3 348 29.1

■ Stage 4 656 54.9

■ Indeterminate 27 2.3

Vital Status ■ Expired 778 65.2

■ Alive 416 34.8

Treatment History ■ Newly diagnosed 605 50.7

■ Previously treated 589 49.3

Table 2 Baseline QoL scores of 1194 lung cancer patients

QLQ-C30 Scale Mean Median SD Range

Global 53.6 58.3 26.3 0-100

Physical 68.7 73.3 25.5 0-100

Role 58.9 66.7 34.3 0-100

Emotional 64.1 66.7 25.8 0-100

Cognitive 74.9 83.3 25.9 0-100

Social 61.2 66.7 32.9 0-100

Fatigue 46.8 44.4 28.4 0-100

Nausea/Vomiting 14.5 0 22.2 0-100

Pain 37.1 33.3 32.8 0-100

Dyspnea 37.6 33.3 33.6 0-100

Insomnia 39.9 33.3 33.5 0-100

Appetite Loss 31.3 33.3 34.1 0-100

Constipation 24.2 0 31.3 0-100

Diarrhea 9.9 0 19.7 0-100

Higher scores in the global and functioning scales and lower scores in the
symptom scales indicate better QoL.
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sample t-tests. Mean global QoL scores were 53.8 and
53.1 for locoregional and metastatic disease (p = 0.63)
and 56.1 and 50.9 for newly diagnosed and previously
treated disease respectively (p = 0.001). Fatigue and pain
scores were significantly higher (poorer) in patients with
metastatic disease as compared to those with locoregio-
nal disease. Similarly, physical, role and social function-
ing scores and fatigue, nausea/vomiting, pain, dyspnea
and appetite loss symptom scores were significantly
poorer in previously treated patients as compared to
newly diagnosed patients. We also evaluated the rela-
tionship between QoL and age at presentation using
Pearson correlation (r). The function scales to be signifi-
cantly correlated with age were physical (r = -0.06; p =
0.04), emotional (r = 0.07; p = 0.01) and social (r = 0.07;
p = 0.01). Physical scale was negatively correlated (such
that higher age was associated with a poorer physical
function) while emotional and social scales were posi-
tively correlated (such that higher age was associated
with better emotional and social functions). Among the
symptom scales, nausea/vomiting (r = -0.09; p = 0.001),
pain (r = -0.16; p = 0.001) and insomnia (r = -0.12; p =
0.001) were negatively correlated with age (such that
higher age was associated with better nausea/vomiting,
pain and insomnia) while dyspnea (r = 0.08; p = 0.007)
was positively correlated (such that higher age was asso-
ciated with poorer dyspnea). All these correlations were
very weak (with r less than 0.20 in either direction).

Univariate analysis: prognostic factors for overall survival
Median overall survival for the entire patient cohort was
8.8 months (95% CI: 8.0-9.5 months). The median survi-
val for newly diagnosed and previously treated patients

was 12.6 and 6.8 months respectively, p < 0.001. The
median survival for patients with locoregional and meta-
static disease was 12.0 and 7.5 months respectively, p <
0.001. Table 4 describes the results of univariate Cox
regression analyses for each QLQ-C30 scale as well as
age, stage of disease and prior treatment history. The
HRs along with their 95% CIs for every one-unit
increase in all QLQ-C30 scales are given. On univariate
analysis, QoL scales predictive of survival were global (p
< 0.001), physical (p < 0.001), role (p < 0.001), emotional
(p = 0.04), cognitive (p = 0.003), social (p < 0.001), fati-
gue (p < 0.001), nausea/vomiting (p = 0.001), pain (p <
0.001), dyspnea (p < 0.001), loss of appetite (p < 0.001),
constipation (p = 0.001) and diarrhea (P = 0.02). Gen-
der, stage of disease at diagnosis and prior treatment
history were also found to be significant predictors of
survival upon univariate analysis (p < 0.001 for all).

Multivariate analysis: prognostic factors for overall
survival
Table 5 describes the results of multivariate Cox regres-
sion analyses using the block entry method for those
QLQ-C30 function and symptom scales that were signif-
icant upon univariate analysis after controlling for the
effects of gender, tumor stage and prior treatment his-
tory. Upon multivariate analyses, only physical function
(p < 0.001) was predictive of survival independent of
other QoL scales, gender, stage, and treatment history.
Every 10-point increase in physical function was asso-
ciated with a 10% increase in survival (95% CI = 6% to
14%, p < 0.001). Gender, stage of disease and prior
treatment history were also found to be significant pre-
dictors in the final multivariate model (p < 0.01 for all).

Table 3 Distribution of QoL scores by stage of disease and prior treatment history

QLQ-C30 Scale Stage of disease Treatment History

Locoregional
(N = 511)

Metastatic
(N = 656)

P Newly diagnosed
(N = 605)

Previously treated
(N = 589)

P

Global 53.8 53.1 0.63 56.1 50.8 0.001

Physical 69.4 68.0 0.35 73.1 64.1 < 0.001

Role 60.4 57.2 0.12 62.4 55.2 < 0.001

Emotional 64.5 63.5 0.55 63.3 64.8 0.33

Cognitive 75.1 74.5 0.68 75.9 73.7 0.16

Social 62.0 60.2 0.35 65.3 56.8 < 0.001

Fatigue 45.0 48.6 0.03 43.1 50.6 < 0.001

Nausea/Vomiting 13.9 15.1 0.36 12.2 16.8 < 0.001

Pain 34.7 39.0 0.02 34.0 40.3 0.001

Dyspnea 39.5 36.0 0.08 34.7 40.6 0.002

Insomnia 39.0 41.0 0.31 40.5 39.3 0.54

Appetite Loss 30.2 32.3 0.29 28.4 34.1 0.004

Constipation 22.7 25.4 0.14 23.2 25.2 0.27

Diarrhea 9.9 9.8 0.92 8.8 10.9 0.07

Higher scores in the global and functioning scales and lower scores in the symptom scales indicate better QoL.
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The findings described above were confirmed using the
forward stepwise method. It was interesting to see that
most of the function and symptom scales that were pre-
dictive of survival upon univariate analysis lost their sta-
tistical significance upon multivariate analysis. This is
not an uncommon observation in QoL analyses, because
many of the individual QoL scales are highly correlated
with each other, and therefore lose their statistical sig-
nificance when analyzed together.
Table 6 describes the results of multivariate Cox

regression analyses using the block entry method for
global QoL after controlling for the effects of gender,
tumor stage and prior treatment history. Every 10-point

increase in global QoL was associated with a 9%
increase in survival (95% CI = 6% to 11%, p < 0.001).
Gender, stage of disease and prior treatment history
were also found to be significant predictors in the final
multivariate model (p < 0.01 for all).

Discussion
Even though the QoL of patients is considered a critical
endpoint in oncology that can also provide useful prog-
nostic information to patients and clinicians, QoL con-
tinues to be evaluated infrequently in most clinic
oncology practices apart from research studies. The bar-
rier is not a lack of valid tools but rather the challenges

Table 4 Univariate Cox regression analysis for overall survival

QoL Domain HR 95% CI P-value

Global 0.991 0.989 to 0.994 < 0.001

Physical 0.988 0.985 to 0.990 < 0.001

Role 0.993 0.991 to 0.995 < 0.001

Emotional 0.997 0.994 to 1.00 0.04

Cognitive 0.996 0.993 to 0.999 0.003

Social 0.994 0.992 to 0.996 < 0.001

Fatigue 1.009 1.006 to 1.011 < 0.001

Nausea/vomiting 1.005 1.002 to 1.008 0.001

Pain 1.006 1.004 to 1.009 < 0.001

Dyspnea 1.005 1.003 to 1.008 < 0.001

Insomnia 1.000 0.998 to 1.003 0.66

Appetite Loss 1.006 1.004 to 1.008 < 0.001

Constipation 1.004 1.002 to 1.006 0.001

Diarrhea 1.004 1.001 to 1.008 0.02

Age at presentation 0.998 0.991 to 1.006 0.65

Gender (male as reference) 0.77 0.67 to 0.89 < 0.001

Stage at diagnosis (locoregional disease as reference) 1.57 1.4 to 1.8 < 0.001

Prior treatment history (previously treated as reference) 0.55 0.48 to 0.64 < 0.001

Table 5 Multivariate Cox regression analysis for QoL function and symptom scales (Block Entry Method)

QoL Domain HR 95% CI P-value

Physical 0.990 0.986 to 0.994 < 0.001

Role 0.999 0.995 to 1.002 0.50

Emotional 1.001 0.997 to 1.005 0.58

Cognitive 1.000 0.996 to 1.003 0.80

Social 1.000 0.996 to 1.003 0.85

Fatigue 0.996 0.992 to 1.001 0.16

Nausea/vomiting 0.997 0.993 to 1.001 0.20

Pain 1.002 0.999 to 1.005 0.16

Dyspnea 1.001 0.999 to 1.004 0.34

Appetite Loss 1.003 1.000 to 1.005 0.07

Constipation 1.000 0.998 to 1.003 0.73

Diarrhea 1.003 0.999 to 1.006 0.16

Gender (male as reference) 0.78 0.67 to 0.90 0.001

Stage at diagnosis (locoregional disease as reference) 1.67 1.4 to 1.9 < 0.001

Prior treatment history (previously treated as reference) 0.55 0.47 to 0.64 < 0.001

Braun et al. BMC Cancer 2011, 11:353
http://www.biomedcentral.com/1471-2407/11/353

Page 5 of 9



inherent in incorporating QoL measurements into busy
clinical practices [5]. This will continue as long as QoL
assessment is regarded as peripheral to the goal of stan-
dard clinical cancer therapy. It is our contention, how-
ever, that QoL is as meaningful to patients as length of
life, a situation which is coming to be appreciated by
patients, advocates, insurance providers, and employers.
Thus, there is a strong rationale to incorporate regular
QoL assessment and management into all oncologic
practice settings.
In the current study, we chose QLQ-C30 as a valid

and reliable tool to assess patient QoL which is appro-
priate for assessing large, heterogeneous patient popula-
tions. It is relevant that this instrument concentrates on
a patients’ ability to fulfill the activities of daily living.
While this emphasis has been regarded in research stu-
dies as an appropriate way to assess the effectiveness of
new drugs or novel combinations of agents, cumulative
experience from several decades of use of the QLQ-C30
also demonstrate the relevance of this information for
clinical practitioners. Thus, results from the QLQ-C30
provide important information to guide treatment deci-
sions based on balancing the need to control tumor pro-
gression with the need to know how treatment affects
the patient’s capacity to fulfill the activities of their daily
life at work and in the home.
In this study, we found that global QoL as well as

physical function were significant predictors of patient
survival in the entire study population. The finding of
physical function predicting survival in lung cancer has
been reported by previous studies [11,20,39-41]. For
example, Ganz et al. reported a statistically significant
relationship between initial patient-rated QoL scores
and subsequent survival [40]. In another study by Hern-
don et al., increased pain, appetite loss, fatigue, lung car-
cinoma symptoms, poorer overall QoL, and poorer
physical functioning predicted significantly poorer survi-
val. However, only the pain score was retained in the
final multivariate model [20]. Finally, a study conducted
by Fielding and Wong found that better physical func-
tioning and better appetite were predictive of longer
survival after fully adjusting for sociodemographic and
clinical factors in Chinese lung cancer patients [39].
The finding of global QoL predicting survival in lung

cancer has also been reported by previous studies
[15,20,22,25,41-43]. For example, Langendijk et al.

examined the significance of pretreatment QoL and
symptom scores in lung cancer patients treated with
high dose radiotherapy and found the EORTC global
QoL score as the strongest prognostic factor [22]. Mon-
tazeri et al. showed that pre-diagnosis EORTC global
QoL was a significant predictor of survival in lung can-
cer [25]. Dharma-Wardene et al. found that baseline
FACT-G total score is a statistically significant predictor
of survival in patients with advanced lung cancer [15].
Brown et al. found EORTC global QoL, role functioning,
fatigue, appetite loss, and constipation as prognostic
indicators of survival in patients with NSCLC at 12
weeks [42]. Maione et al. found that only pretreatment
EORTC global QoL and instrumental activities of daily
living scores were significant predictors for survival in
elderly patients with advanced non-small-cell lung can-
cer treated with chemotherapy [43].
In the previously published studies mentioned above,

the most commonly adjusted variables were age, gender,
socioeconomic status, performance status, various cell
counts, metastasis, treatment types, cancer stage, histol-
ogy subtypes, sites involved, and weight loss. However,
it is worth mentioning that some of these studies failed
to provide adequate controls for confounding, for exam-
ple, there is no information on the extent of the disease
or whether the tumor size shrank in response to therapy
[15,22,32]. In most of these studies, it is not possible to
determine whether QoL independently predicted survi-
val or simply reflected the progress of the underlying
disease. For example, it has been suggested that physical
functioning might be a surrogate marker for an unrec-
ognized biological prognostic indicator, so a causal asso-
ciation between physical functioning and survival time
should not be inferred [28].
It is to be noted that in our study, several QoL func-

tion and symptom scales that were predictive of survival
on univariate analysis, lost their statistical significance
after the basic demographic and clinical factors were
adjusted for. Only physical and global function retained
their statistical significance in multivariate modeling.
Collectively, these results demonstrate that after the
potential confounding factors are adjusted for in the
multivariate analysis, the prognostic effects of QoL
either disappear or are mitigated significantly. Thus,
before making any claims regarding the independent
prognostic effects of QoL in cancer, adequate statistical

Table 6 Multivariate Cox regression analysis for global QoL (Block Entry Method)

QoL Domain HR 95% CI P-value

Global 0.991 0.989 to 0.994 < 0.001

Gender (male as reference) 0.78 0.68 to 0.91 0.001

Stage at diagnosis (locoregional disease as reference) 1.72 1.5 to 1.9 < 0.001

Prior treatment history (previously treated as reference) 0.52 0.45 to 0.61 < 0.001
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adjustment of covariates needs to be achieved. Finally,
our finding on global function should be interpreted
with caution because the global function score likely
reflects the contribution of the physical function score.
We also found that physical function, nausea/vomit-

ing, insomnia, and diarrhea in newly diagnosed patients
predicted survival in multivariate analysis. Similarly, in
previously treated patients, physical function was predic-
tive of survival in multivariate analysis. For both of
these clinical settings, it is easy to appreciate the nega-
tive impact these attributes would exert on the ability of
a patient to function. While the current study does not
elucidate causative relationships between these functions
and patient survival, the importance of measuring these
functions in patients and attempting to address their
effects therapeutically should be obvious. The finding of
poorer physical, role and social functioning scores and
fatigue, nausea/vomiting, pain, dyspnea and appetite loss
symptom scores in previously treated patients as com-
pared to newly diagnosed patients is not surprising
given that previously treated patients have more
advanced disease and are well into their course of illness
as compared to newly diagnosed patients.
The results of this study have important implications

for both clinical and research practices in an integrative
oncologic care setting. They suggest that health care
professionals should evaluate baseline QoL in all
patients and take this into consideration when planning
treatment. QoL should also be assessed regularly during
treatment and appropriate intervention taken to improve
QoL when indicated. QoL was initially designed to be
used as a clinical indicator. Self-reported QoL assess-
ment using validated questionnaires plays a very impor-
tant role in acquiring and monitoring information on
patient’s functional and symptom status throughout the
course of treatment. In the absence of concrete informa-
tion on the prognostic role of QoL in cancer survival, its
utility as a clinical indicator should not be jeopardized.
In fact, information about QoL in lung cancer patients
undergoing treatment can provide healthcare providers
with a perspective on post-treatment recovery, including
the positive aspects of long-term care, as well as antici-
pated problems [3].
Although this study presents interesting findings and

additional questions for further inquiry, several limita-
tions require acknowledgment. Our study, because of its
retrospective nature, relies on data not primarily meant
for research. As a result, we could not control for some
additional factors in our analyses that could influence
survival such as medical comorbidities, performance sta-
tus, socioeconomic factors, support system, exercise,
insurance coverage, employment and educational level.
It has been suggested that QoL data might be markers
of the socioeconomic status of cancer patients. For

instance, cancer patients with higher social class would
have a better QoL, and consequently those who report a
better QoL at baseline assessment may live longer [28].
As suggested by Fielding and Wong, full adjustment is
needed for factors affecting outcome in order to demon-
strate any independent predictive power of QoL [39].
The patient cohort was limited only to those patients
who were English speakers and therefore is not repre-
sentative of the complete spectrum of lung cancer
patients. A majority of our patients had advanced stage
disease at presentation. As a result, generalizability of
the study findings to NSCLC patients with early stage
disease might be questionable. However, we have no
reasons to believe that patients with early stage disease
will have different findings. Moreover, this study is not
able to reveal causative relationships between any QoL
element and patient survival. Rather, QoL was found to
act as a surrogate marker for otherwise undetected
prognostic factors [11]. We did not control for the mul-
tiple comparisons made in this study, but this is accep-
table for hypothesis-generating studies [26]. Finally, we
did not evaluate the prognostic significance of changes
in QoL scores during the entire duration of treatment.
Nevertheless, this study also has several strengths,

including a large sample size; complete data for all
QLQ-C30 subscales for the entire study sample; high
compliance with completion of the questionnaire; the
use of a valid and reliable QoL instrument; comprehen-
sive documented clinical parameters in nearly all
patients; and availability of mature and reliable survival
data.

Conclusions
This study suggests that baseline global QoL and physi-
cal function scale provide useful prognostic information
in non-small cell lung cancer patients.

Acknowledgements
This study was funded by Cancer Treatment Centers of America. We thank
Norine Oplt and Carol Wages for providing us with reliable and updated
survival data.

Authors’ contributions
DPB and DG participated in concept, design, data collection, data analysis,
data interpretation and writing. EDG participated in concept, design and
data interpretation. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 27 October 2010 Accepted: 15 August 2011
Published: 15 August 2011

References
1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ: Cancer statistics, 2009. CA

Cancer J Clin 2009, 59:225-249.
2. Tishelman C, Lovgren M, Broberger E, Hamberg K, Sprangers MA: Are the

most distressing concerns of patients with inoperable lung cancer

Braun et al. BMC Cancer 2011, 11:353
http://www.biomedcentral.com/1471-2407/11/353

Page 7 of 9

http://www.ncbi.nlm.nih.gov/pubmed/19474385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20212257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20212257?dopt=Abstract


adequately assessed? A mixed-methods analysis. J Clin Oncol 2010,
28:1942-1949.

3. Akin S, Can G, Aydiner A, Ozdilli K, Durna Z: Quality of life, symptom
experience and distress of lung cancer patients undergoing
chemotherapy. Eur J Oncol Nurs 2010.

4. Belani CP, Pereira JR, von Pawel J, Pluzanska A, Gorbounova V, Kaukel E,
et al: Effect of chemotherapy for advanced non-small cell lung cancer
on patients’ quality of life. A randomized controlled trial. Lung Cancer
2006, 53:231-239.

5. Gralla RJ, Griesinger F: Interpreting clinical trials in lung cancer: impact of
methodology and endpoints. J Thorac Oncol 2007, 2(Suppl 2):S51-8, S51-
S58.

6. Boyar M, Raftopoulos H: Supportive care in lung cancer. Hematol Oncol
Clin North Am 2005, 19:369-87, vii.

7. Thatcher N, Hopwood P, Anderson H: Improving quality of life in patients
with non-small cell lung cancer: research experience with gemcitabine.
Eur J Cancer 1997, 33(Suppl 1):S8-13, S8-13.

8. Dooms CA, Pat KE, Vansteenkiste JF: The effect of chemotherapy on
symptom control and quality of life in patients with advanced non-small
cell lung cancer. Expert Rev Anticancer Ther 2006, 6:531-544.

9. Blazeby JM, Brookes ST, Alderson D: Prognostic value of quality of life
scores in patients with oesophageal cancer. Br J Surg 2000, 87:362-373.

10. Coates A, Gebski V, Signorini D, Murray P, McNeil D, Byrne M, et al:
Prognostic value of quality-of-life scores during chemotherapy for
advanced breast cancer. Australian New Zealand Breast Cancer Trials
Group. J Clin Oncol 1992, 10:1833-1838.

11. 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.

12. Coates AS, Hurny C, Peterson HF, Bernhard J, Castiglione-Gertsch M,
Gelber RD, et al: Quality-of-life scores predict outcome in metastatic but
not early breast cancer. International Breast Cancer Study Group. J Clin
Oncol 2000, 18:3768-3774.

13. Collette L, van Andel G, Bottomley A, Oosterhof GO, Albrecht W, de
Reijke TM, et al: Is baseline quality of life useful for predicting survival
with hormone-refractory prostate cancer? A pooled analysis of three
studies of the European Organisation for Research and Treatment of
Cancer Genitourinary Group. J Clin Oncol 2004, 22:3877-3885.

14. Dancey J, Zee B, Osoba D, Whitehead M, Lu F, Kaizer L, et al: 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.

15. Dharma-Wardene M, Au HJ, Hanson J, Dupere D, Hewitt J, Feeny D:
Baseline FACT-G score is a predictor of survival for advanced lung
cancer. Qual Life Res 2004, 13:1209-1216.

16. Earlam S, Glover C, Fordy C, Burke D, Allen-Mersh TG: Relation between
tumor size, quality of life, and survival in patients with colorectal liver
metastases. J Clin Oncol 1996, 14:171-175.

17. Efficace F, Biganzoli L, Piccart M, Coens C, Van Steen K, Cufer T, et al:
Baseline health-related quality-of-life data as prognostic factors in a
phase III multicentre study of women with metastatic breast cancer. Eur
J Cancer 2004, 40:1021-1030.

18. Fang FM, Liu YT, Tang Y, Wang CJ, Ko SF: Quality of life as a survival
predictor for patients with advanced head and neck carcinoma treated
with radiotherapy. Cancer 2004, 100:425-432.

19. Fang FM, Tsai WL, Chiu HC, Kuo WR, Hsiung CY: Quality of life as a
survival predictor for esophageal squamous cell carcinoma treated with
radiotherapy. Int J Radiat Oncol Biol Phys 2004, 58:1394-1404.

20. Herndon JE, Fleishman S, Kornblith AB, Kosty M, Green MR, Holland J: Is
quality of life predictive of the survival of patients with advanced
nonsmall cell lung carcinoma? Cancer 1999, 85:333-340.

21. Kramer JA, Curran D, Piccart M, de Haes JC, Bruning P, Klijn J, et al:
Identification and interpretation of clinical and quality of life prognostic
factors for survival and response to treatment in first-line chemotherapy
in advanced breast cancer. Eur J Cancer 2000, 36:1498-1506.

22. Langendijk H, Aaronson NK, de Jong JM, ten Velde GP, Muller MJ,
Wouters M: The prognostic impact of quality of life assessed with the
EORTC QLQ-C30 in inoperable non-small cell lung carcinoma treated
with radiotherapy. Radiother Oncol 2000, 55:19-25.

23. Luoma ML, Hakamies-Blomqvist L, Sjostrom J, Pluzanska A, Ottoson S,
Mouridsen H, et al: Prognostic value of quality of life scores for time to

progression (TTP) and overall survival time (OS) in advanced breast
cancer. Eur J Cancer 2003, 39:1370-1376.

24. Maisey NR, Norman A, Watson M, Allen MJ, Hill ME, Cunningham D:
Baseline quality of life predicts survival in patients with advanced
colorectal cancer. Eur J Cancer 2002, 38:1351-1357.

25. Montazeri A, Milroy R, Hole D, McEwen J, Gillis CR: Quality of life in lung
cancer patients: as an important prognostic factor. Lung Cancer 2001,
31:233-240.

26. Roychowdhury DF, Hayden A, Liepa AM: Health-related quality-of-life
parameters as independent prognostic factors in advanced or
metastatic bladder cancer. J Clin Oncol 2003, 21:673-678.

27. Tamburini M, Brunelli C, Rosso S, Ventafridda V: Prognostic value of quality
of life scores in terminal cancer patients. J Pain Symptom Manage 1996,
11:32-41.

28. 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, 102.

29. Coyne JC, Pajak TF, Harris J, Konski A, Movsas B, Ang K, et al: Emotional
well-being does not predict survival in head and neck cancer patients: a
Radiation Therapy Oncology Group study. Cancer 2007, 110:2568-2575.

30. Efficace F, Therasse P, Piccart MJ, Coens C, Van Steen K, Welnicka-
Jaskiewicz M, et al: Health-related quality of life parameters as prognostic
factors in a nonmetastatic breast cancer population: an international
multicenter study. J Clin Oncol 2004, 22:3381-3388.

31. Lis CG, Gupta D, Grutsch JF: Patient satisfaction with quality of life as a
predictor of survival in pancreatic cancer. Int J Gastrointest Cancer 2006,
37:35-44.

32. Efficace F, Bottomley A, Smit EF, Lianes P, Legrand C, Debruyne C, et al: Is a
patient’s self-reported health-related quality of life a prognostic factor
for survival in non-small-cell lung cancer patients? A multivariate
analysis of prognostic factors of EORTC study 08975. Ann Oncol 2006,
17:1698-1704.

33. Djarv T, Metcalfe C, Avery KN, Lagergren P, Blazeby JM: Prognostic value of
changes in health-related quality of life scores during curative treatment
for esophagogastric cancer. J Clin Oncol 2010, 28:1666-1670.

34. Gupta D, Granick J, Grutsch JF, Lis CG: The prognostic association of
health-related quality of life scores with survival in breast cancer.
Support Care Cancer 2007, 15:387-393.

35. Osoba D, Rodrigues G, Myles J, Zee B, Pater J: Interpreting the significance
of changes in health-related quality-of-life scores. J Clin Oncol 1998,
16:139-144.

36. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al:
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.

37. Groenvold M, Klee MC, Sprangers MA, Aaronson NK: Validation of the
EORTC QLQ-C30 quality of life questionnaire through combined
qualitative and quantitative assessment of patient-observer agreement. J
Clin Epidemiol 1997, 50:441-450.

38. Hjermstad MJ, Fossa SD, Bjordal K, Kaasa S: Test/retest study of the
European Organization for Research and Treatment of Cancer Core
Quality-of-Life Questionnaire. J Clin Oncol 1995, 13:1249-1254.

39. Fielding R, Wong WS: Quality of life as a predictor of cancer survival
among Chinese liver and lung cancer patients. Eur J Cancer 2007,
43:1723-1730.

40. Ganz PA, Lee JJ, Siau J: Quality of life assessment. An independent
prognostic variable for survival in lung cancer. Cancer 1991, 67:3131-3135.

41. Movsas B, Moughan J, Sarna L, Langer C, Werner-Wasik M, Nicolaou N, et al:
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.

42. Brown J, Thorpe H, Napp V, Fairlamb DJ, Gower NH, Milroy R, et al:
Assessment of quality of life in the supportive care setting of the big
lung trial in non-small-cell lung cancer. J Clin Oncol 2005,
20;23:7417-7427.

43. Maione P, Perrone F, Gallo C, Manzione L, Piantedosi F, Barbera S, 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.

Braun et al. BMC Cancer 2011, 11:353
http://www.biomedcentral.com/1471-2407/11/353

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/20212257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16787687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16787687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15833411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9404234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9404234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16613541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16613541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16613541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10755834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10755834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1453197?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1453197?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1453197?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9376182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9376182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9376182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15459209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15459209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15459209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15459209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9161115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9161115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9161115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9161115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15473499?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15473499?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8558193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8558193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8558193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15093577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15093577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14716781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14716781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14716781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15050315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15050315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15050315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10023700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10023700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10023700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10930797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10930797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10930797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10788684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10788684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10788684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12826039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12826039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12826039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12091066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12091066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11165402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11165402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12586805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12586805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12586805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8815148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8815148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20030832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20030832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15310784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15310784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15310784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17290079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17290079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16968876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16968876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16968876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16968876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20194863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20194863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20194863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17093913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17093913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9440735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9440735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8433390?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8433390?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8433390?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9179103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9179103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9179103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7738629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7738629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7738629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17588741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17588741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1710541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1710541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21844503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21844503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16192578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16192578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16192578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16192578?dopt=Abstract


Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/11/353/prepub

doi:10.1186/1471-2407-11-353
Cite this article as: Braun et al.: Quality of life assessment as a predictor
of survival in non-small cell lung cancer. BMC Cancer 2011 11:353.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Braun et al. BMC Cancer 2011, 11:353
http://www.biomedcentral.com/1471-2407/11/353

Page 9 of 9

http://www.biomedcentral.com/1471-2407/11/353/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study Sample
	QoL Assessment
	Prespecified Baseline Clinical Factors
	Data Analysis and Statistical Methods

	Results
	Patient characteristics
	Relationship between QoL and other covariates
	Univariate analysis: prognostic factors for overall survival
	Multivariate analysis: prognostic factors for overall survival

	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


