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Abstract

Background: Several studies in the oncology literature have demonstrated the prognostic value of baseline quality
of life (QoL). We investigated whether changes in QoL could predict survival in prostate cancer patients.

Methods: We evaluated 250 prostate cancer patients treated at our institution between Jan 2001 and Dec 2009
who were available for a minimum follow-up of 3 months. QoL was evaluated at baseline and after 3 months of
treatment initiation using EORTC-QLQ-C30. Cox regression evaluated the prognostic significance of baseline and
changes in QoL scores after adjusting for relevant clinical and demographic variables.

Results: Median overall survival was 89.1 months (95% CI: 56.5-121.7). Baseline QoL scale predictive of survival upon
multivariate analysis was fatigue (p = 0.001). Associations between changes in QoL and survival, upon multivariate
analysis, were observed for dyspnea and cognitive functioning. Every 10-point increase (worsening) in dyspnea was
associated with a 16% increased risk of death (HR = 1.16; 95% CI = 1.02 to 1.30, p = 0.02), and every 10-point
increase (improvement) in cognitive functioning was associated with a 24% decreased risk of death (HR = 0.76; 95%
CI = 0.54 to 0.98, p = 0.04).

Conclusions: This study provides preliminary evidence to indicate that prostate cancer patients with better
baseline fatigue and patients whose dyspnea and cognitive functioning improves within 3 months of treatment are
at a significantly decreased risk of mortality.
Background
Prostate cancer is the most common cancer in men in the
US [1-4]. It is also the second leading cause of cancer
death among US men after lung cancer [5]. Each year in
the US, approximately 220,000 new cases of prostate
cancer are diagnosed, and 30,000 men die of the disease
[6]. Global estimates suggest about 903,500 new cases and
258,400 deaths annually [7]. Despite its high morbidity,
the etiology of prostate cancer remains largely unknown
[5]. Tumor stage and Gleason score remain the two
most powerful prognostic factors in prostate cancer [8].
Advanced prostate cancer is associated with significant
morbidity, both from the underlying disease and associated
co-morbidities, and also from treatment toxicity, which
can profoundly affect patient quality of life (QoL) [9].
QoL is a multidimensional construct that includes

physical, social, psychological and functional domains at
the very least. Symptom palliation and QoL improvement
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have gained prominence in the assessment of new treat-
ments, and the prolongation of life is no longer the sole
aim of therapy [9]. This has led to the inclusion of QoL
assessment as a primary endpoint in cancer clinical trials
along with traditional endpoints of tumor response and
survival. QoL measurements can provide information
about the impact of the disease and its treatment to aid
physicians in selecting both antineoplastic and supportive
care therapy.
Baseline or pretreatment QoL has been shown to be a

prognostic indicator in prostate cancer in previously
published studies [10-13]. However, to the best of our
knowledge, there is no study in the literature investigat-
ing the prognostic impact of changes in QoL scores on
survival in prostate cancer, whether this is assessed at
the time of initial cancer diagnosis or following disease
relapse. In the current study, we investigated whether
pretreatment QoL parameters as well as changes in QoL
scores from baseline until 3 months after treatment initi-
ation could predict survival in patients with prostate
cancer. This study builds upon our previous work in this
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area investigating the relationship between changes in
QoL and survival in other types of cancers [14-16].

Methods
Study population
We examined 250 histologically confirmed prostate cancer
patients treated at Cancer Treatment Centers of America®
(CTCA) at Midwestern (MRMC) and Southwestern
(SRMC) Regional Medical Centers between Jan 2001 and
Dec 2009. The inclusion criteria for participation in this
study were a histological diagnosis of prostate cancer
and the ability to read English. Patients with all stages
of prostate 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 de-

termining eligibility, describing the study, and obtaining
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 presented
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.
Additional patient data recorded for this study was

age, stage of disease at diagnosis, prior treatment history
(previously treated versus newly diagnosed) and treatment
received at our institution. The only follow-up information
required was the date of death or the date of last contact/
last known to be alive, obtained from the tumor registries
at Midwestern and Southwestern Regional Medical
Centers. This study was approved by the Institutional
Review Board at CTCA.

QoL assessment
European Organization for the Research and Treatment
of Cancer Quality of Life Questionnaire (QLQ-C30) was
used to assess patient QoL. It emphasizes a patient’s
capacity to fulfill the activities of daily living. It is a 30-
item cancer specific questionnaire that incorporates five
functioning scales (physical, role, cognition, emotional,
and social), eight symptom scales (fatigue, pain, and
nausea/vomiting, dyspnea, insomnia, loss of appetite,
constipation, diarrhea), financial well-being scale and a
global scale (based on two items: “how would you rate
your overall health during the past week” and “how would
you rate your overall quality of life during the past week”).
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 represents a small change, 10–20 points a
moderate change and greater than 20 points a large,
clinically significant change from the patient’s perspec-
tive [17]. This instrument has been extensively tested
for reliability and validity [18-20]. QoL was assessed at
baseline and after 3 months of treatment initiation at
our institution.

Statistical analysis
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. Two
separate analyses were performed. First, the relationship
between baseline QoL and patient survival was investi-
gated for 250 patients. Second, the relationship between
change in QoL scores between baseline and 3 months
and survival was assessed for the same patient cohort.
Change scores were calculated by subtracting the base-
line scores from the 3-month QoL scores. The overall
survival was calculated using the Kaplan-Meier method.
Clinical and QoL variables were evaluated using univari-
ate Cox proportional hazards models to determine which
parameters showed individual prognostic value for sur-
vival. Multivariate Cox proportional hazards models were
then performed to evaluate the joint prognostic signifi-
cance of all QoL and clinical factors. 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). Changes of 10
or more points on a 0 to 100 scale are considered clinically
relevant [21], therefore, we present hazard ratios for a
10-point change on the continuous QoL variables. An
effect was considered to be statistically significant if the p
value was less than or equal to 0.05. All statistical tests
were two-sided. All data were analyzed using IBM SPSS
version 20.0 (IBM, Armonk, NY, USA).
Cox regression with time-independent covariates as-

sumes that the ratio of hazards for any two groups re-
mains constant in proportion over time. We checked this
assumption by examining log-minus-log plots for the
categorical predictors. For continuous predictors, this
assumption was checked using an extended Cox model
with time-dependent covariates. Potential multicollinearity
was assessed in two steps. Large values (above 0.75) of
Pearson’s correlation coefficients were used as an initial
screen for pairs of QoL variables. As a second check, the
variance inflation factor was used with the final model to
verify that multicollinearity was not significantly influen-
cing model coefficients [22,23]. In order to minimize
instability of the final multivariate model resulting from
high multicollinearity, global QoL was evaluated separately
because it is most highly correlated with all other variables
on the QLQ-C30 questionnaire, and also because it is
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difficult to interpret and manipulate clinically. Finally,
to assess the possible influence of sample bias on the
results as well as to investigate the stability of the
model coefficients, we performed a bias-corrected and
accelerated (BCa) bootstrap resampling procedure. We
generated 1000 samples, each the same size as the ori-
ginal data set, by random selection with replacement.
Cox regression was then run separately on these 1000
samples to obtain robust estimates of the standard er-
rors of coefficients, and hence the p values and 95%
BCa confidence intervals of the model coefficients [24].
Table 2 Baseline quality of life scores stratified by prior
treatment history

Baseline Newly diagnosed Previously treated P
Results
Patient characteristics
Table 1 describes the baseline characteristics of our pa-
tient cohort. At the time of this analysis, 39 deaths had
occurred among the 250 participants. Majority of the
patients were newly diagnosed with stage II disease.
The proportion of patients receiving chemotherapy,
radiotherapy, hormone therapy and surgery at our in-
stitution were 12%, 74.8%, 66% and 1.2% respectively.
Chemotherapy received at our institution was highly
correlated with prior treatment history such that 4% of
newly diagnosed versus 23.8% of previously treated
patients received chemotherapy (chi-square p <0.001).
Similarly, 85.9% of newly diagnosed versus 58.4% of
Table 1 Baseline characteristics of 250 prostate
cancer patients

Characteristic Categories Number Percent

Age at diagnosis (years) ▪ Mean 59.7

▪ Median 59.0

▪ Range 37-79

Vital status ▪ Death 39 15.6

▪ Alive 211 84.4

Treatment history ▪ Newly diagnosed 149 59.6

▪ Previously treated 101 40.4

Stage at diagnosis ▪ Stage I 3 1.2

▪ Stage II 168 67.2

▪ Stage III 31 12.4

▪ Stage IV 48 19.2

Chemotherapy at CTCA ▪ No 220 88.0

▪ Yes 30 12.0

Radiotherapy at CTCA ▪ No 63 25.2

▪ Yes 187 74.8

Hormone therapy at CTCA ▪ No 85 34.0

▪ Yes 165 66.0

Surgery at CTCA ▪ No 247 98.8

▪ Yes 3 1.2
previously treated patients received radiotherapy at our
institution (chi-square p <0.001).
Table 2 displays the baseline QoL scores across the

two categories of prior treatment history. Patients with
newly diagnosed disease had statistically significantly
better QoL compared to patients who were previously
treated for all QoL scales except for insomnia, diarrhea
and financial scales.
Table 3 describes the results of univariate Cox regres-

sion analysis for baseline patient characteristics. Treat-
ment history and stage at diagnosis were significantly
associated with survival while age was not. Median over-
all survival for the entire patient cohort was 89.1 months
(95% CI: 56.5-121.7 months). The median survival for
newly diagnosed and previously treated disease was 82.7
and 41.3 months respectively, log-rank p <0.001. The
median survival for stages I-II and stages III-IV was 81.9
and 48.0 months respectively, log-rank p <0.001.

Association between baseline quality of life and survival
Table 4 describes the baseline scores for all dimensions
of EORTC QLQ-C30 instrument. Among the EORTC
QLQ-C30 functioning scales, emotional functioning had
variable (N = 149) (N = 101)

Mean (standard
deviation)

Mean (standard
deviation)

General quality
of life

Global 70.7 (23.6) 58.4 (27.1) <0.001*

General
function

Physical 88.5 (17.9) 79.0 (23.2) <0.001*

Role 86.9 (24.5) 74.0 (31.3) <0.001*

Emotional 77.0 (22.7) 70.7 (24.2) 0.04*

Cognitive 85.3 (21.4) 79.2 (22.6) 0.03*

Social 85.1 (24.2) 73.1 (29.6) 0.001*

General
symptom

Fatigue 23.4 (25.9) 36.4 (26.2) <0.001*

Nausea/Vomiting 4.2 (12.2) 8.0 (17.4) 0.04*

Pain 16.5 (23.6) 31.1 (32.7) <0.001*

Dyspnea 12.7 (21.0) 18.4 (23.7) 0.04*

Insomnia 27.2 (28.2) 32.0 (30.8) 0.21

Appetite loss 10.1 (21.1) 16.1 (25.2) 0.04*

Constipation 8.0 (18.4) 16.1 (25.6) 0.004*

Diarrhea 8.5 (18.2) 8.5 (19.2) 0.97

Financial 17.7 (29.0) 25.4 (31.6) 0.09

*P < 0.05.



Table 3 Baseline characteristics and associated HRs
for death

Characteristic HR (95% CI) P

Age at diagnosis (years) used as
continuous variable*

1.28
(0.87 – 1.72)

0.18

Stage at diagnosis
(stages I-II as reference)

3.28
(1.71 – 6.30)

<0.001

Treatment history
(newly diagnosed as reference)

8.32
(4.15 – 16.65)

<0.001

*HRs correspond to a 10-point increment for age.
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the lowest (worst) mean score of 74.5 while the highest
(best) mean score of 84.6 was recorded for physical
functioning. Among the EORTC QLQ-C30 symptom
scales, nausea/vomiting had the lowest (best) mean score
of 5.8 while the highest (worst) mean score of 29.2 was
recorded for insomnia. Table 4 also displays the results
of univariate and multivariate Cox regression analyses
for each QoL variable. The HRs along with their 95%
CIs for every 10-point increase in all EORTC QLQ-C30
scales are given. On univariate analysis, several baseline
QoL variables were predictive of survival: global, phys-
ical, role, fatigue, pain, appetite loss and constipation.
Table 4 Baseline QoL measures and associated HRs for death

Baseline variable QoL
score
mean
(SD)

U

HR (95% CI)

General quality of life

Global 65.8 (25.7) 0.85 (0.74 – 0.9

General function

Physical 84.6 (20.7) 0.81 (0.70 – 0.9

Role 81.7 (28.1) 0.87 (0.78 – 0.9

Emotional 74.5 (23.5) 0.98 (0.85 – 1.1

Cognitive 82.8 (22.1) 1.02 (0.88 – 1.1

Social 80.2 (27.1) 0.90 (0.80 – 1.0

General symptom

Fatigue 28.6 (26.8) 1.16 (1.06 – 1.2

Nausea/Vomiting 5.8 (14.6) 1.12 (0.98 – 1.2

Pain 22.4 (28.5) 1.16 (1.06 – 1.2

Dyspnea 15.0 (22.3) 0.98 (0.83 – 1.1

Insomnia 29.2 (29.3) 1.01 (0.90 – 1.1

Appetite loss 12.5 (23.0) 1.11 (1.01– 1.22

Constipation 11.3 (21.9) 1.18 (1.07 – 1.2

Diarrhea 8.5 (18.6) 0.98 (0.82 – 1.1

Financial 21.4 (30.2) 1.04 (0.95 – 1.1

• HRs correspond to a 10-point increment for QoL scores.
• 2 sets of multivariate models were constructed: one for global QoL and other for
• Multivariate model (for general function and symptom variables combined) adjust
QoL variables.
• Multivariate model for global QoL adjusted for prior treatment history and stage a
• *P < 0.05.
Before proceeding with multivariate analysis, we checked
the bivariate Pearson’s correlation among the QoL vari-
ables to screen for observable multicollinearity. All cor-
relation coefficients were smaller than the pre-decided
cut-off level of r = 0.75. As a result, all QoL variables
were considered in the multivariate analysis. On mul-
tivariate analysis, after adjusting for prior treatment
history and stage at diagnosis, only fatigue was found
to be statistically significantly associated with survival.
A separate multivariate model was run for global QoL
after adjusting for prior treatment history and stage at
diagnosis. Global QoL was not found to be significantly
associated with survival. VIF values for baseline QoL
variables ranged from 1.1 (diarrhea) to 4.0 (fatigue), none
of which indicates a significant problem with multicolli-
nearity [22,23]. There was no evidence of non-proportional
hazards in the multivariate models presented.
In order to further investigate the stability of the clas-

sical multivariate Cox models reported in Table 4, we
conducted a bootstrap resampling procedure based on
1000 samples. The bootstrap estimates of the multivari-
ate HRs along with corresponding p values and 95% BCa
CIs were calculated. We found no significant differences
nivariate Multivariate

P HR (95% CI) P

6) 0.007* 0.92 (0.80 – 1.04) 0.19

2) 0.001* 0.83 (0.64 – 1.03) 0.09

6) 0.006* 1.12 (0.88 – 1.37) 0.32

1) 0.78 0.97 (0.73 – 1.22) 0.84

7) 0.74 1.36 (0.99 – 1.51) 0.07

1) 0.08 1.04 (0.84 – 1.24) 0.72

7) 0.002* 1.45 (1.19 – 1.73) 0.001*

6) 0.08 0.88 (0.55 – 1.23) 0.50

6) 0.001* 1.09 (0.92 – 1.26) 0.31

3) 0.78 0.88 (0.71 – 1.05) 0.17

3) 0.82 0.99 (0.82 – 1.16) 0.89

) 0.04* 0.98 (0.75 – 1.21) 0.85

8) 0.001* 1.12 (0.96 – 1.27) 0.13

5) 0.85 1.02 (0.85 – 1.20) 0.79

4) 0.36 0.91 (0.74 – 1.08) 0.27

all general function and symptom variables combined.
ed for prior treatment history, stage at diagnosis and all baseline

t diagnosis.
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in regression coefficients and their corresponding p
values between the classical Cox regression and boot-
strap Cox regression models (results not shown in the
interest of space).

Association between changes in quality of life and survival
Table 5 describes the change in scores from baseline
to 3 months for all dimensions of EORTC QLQ-C30
instrument. On an average, they were small. Table 5
also displays the results of univariate and multivariate
Cox regression analyses for change in QoL scores. On
univariate analysis, no change variable was significantly
predictive of survival. Before proceeding with multivariate
analysis, we checked the bivariate Pearson’s correlation
among the change scores to screen for observable multi-
collinearity. All correlation coefficients were smaller than
the pre-decided cut-off level of r=0.75. As a result, all QoL
change variables were considered in the multivariate
analysis. On multivariate analysis, after adjusting for prior
treatment history and stage at diagnosis, the change vari-
ables that were significantly predictive of survival were
cognitive functioning and dyspnea. A separate multivariate
model was run for change in global QoL after adjusting
Table 5 Change in QoL measures and associated HRs for deat

Change variable QoL
change
mean
(SD)

U

HR (95% C

General quality of life

Global −1.9 (28.3) 1.01 (0.90 – 1

General function

Physical −2.0 (22.7) 1.10 (0.98 – 1

Role −4.3 (33.4) 1.07 (0.99 – 1

Emotional 3.8 (25.2) 0.95 (0.84 – 1

Cognitive 1.1 (24.6) 0.92 (0.80 – 1

Social −1.6 (31.9) 1.06 (0.97 – 1

General symptom

Fatigue 2.8 (29.7) 0.94 (0.84 – 1

Nausea/Vomiting 2.8 (22.3) 0.95 (0.82 – 1

Pain 0.6 (31.0) 0.94 (0.84 – 1

Dyspnea 1.2 (26.7) 1.09 (0.98 – 1

Insomnia −2.5 (34.0) 0.96 (0.87 – 1

Appetite loss 0.9 (28.2) 1.01 (0.90 – 1

Constipation 0.6 (25.6) 0.94 (0.82 – 1

Diarrhea 2.0 (25.5) 0.99 (0.87 – 1

Financial 3.4 (34.9) 1.0 (0.91 – 1.

• HRs correspond to a 10-point increment for QoL scores.
• 2 sets of multivariate models were constructed: one for global QoL and other for
• Multivariate model (for change in general function and symptom variables combin
change variables.
• Multivariate model for change in global QoL adjusted for prior treatment history a
• *P <0.05.
for prior treatment history and stage at diagnosis. Change
in global score was not found to be significantly associated
with survival. VIF values for change in QoL variables
ranged from 1.1 (change in diarrhea) to 3.3 (change in
fatigue), none of which indicates a significant problem
with multicollinearity. There was no evidence of non-pro-
portional hazards in the multivariate models presented.
In order to further investigate the stability of the clas-

sical multivariate Cox models reported in Table 5, we
conducted a bootstrap resampling procedure based on
1000 samples. The bootstrap estimates of the multivari-
ate HRs along with corresponding p values and 95% BCa
CIs were calculated. We found no significant differences
in regression coefficients and their corresponding p
values between the classical Cox regression and boot-
strap Cox regression models (results not shown in the
interest of space).
We decided to explore the data further by conducting

separate multivariate analysis for newly diagnosed and
previously treated patients. In newly diagnosed patients,
none of the change variables was significantly predictive
of survival. However, in previously treated patients, cog-
nitive functioning was significantly predictive of survival
h

nivariate Multivariate

I) P HR (95% CI) P

.12) 0.80 0.96 (0.85 – 1.07) 0.46

.23) 0.09 1.15 (0.93 – 1.37) 0.19

.16) 0.09 0.92 (0.75 – 1.08) 0.31

.06) 0.36 0.91 (0.71 – 1.12) 0.39

.04) 0.16 0.76 (0.54 – 0.98) 0.04*

.15) 0.19 1.03 (0.87 – 1.20) 0.71

.05) 0.28 0.97 (0.94 – 1.20) 0.77

.08) 0.45 0.77 (0.56 – 1.03) 0.06

.04) 0.24 0.91 (0.73 – 1.09) 0.34

.19) 0.09 1.16 (1.02 – 1.30) 0.02*

.05) 0.36 0.92 (0.79 – 1.04) 0.19

.12) 0.82 1.03 (0.87 – 1.20) 0.68

.05) 0.28 0.97 (0.82 – 1.12) 0.69

.11) 0.88 0.94 (0.80 – 1.08) 0.38

08) 0.93 1.08 (0.97 – 1.20) 0.17

all general function and symptom variables combined.
ed) adjusted for prior treatment history, stage at diagnosis and all QoL

nd stage at diagnosis.
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such that every 10-point increase (improvement) in cog-
nitive functioning from baseline to 3 months was associ-
ated with a 41% decreased risk of death (HR = 0.59; 95%
CI = 0.27 to 0.93, p = 0.02).

Discussion
In this study, we found that prostate cancer patients
with better baseline fatigue and patients whose dyspnea
and cognitive functioning improves within 3 months of
treatment are at a significantly decreased risk of mortal-
ity. The association between baseline QoL and survival
in prostate cancer has been investigated and reported in
a few previously published studies [10-13].
A pooled analysis of data from three RCT’s of metastatic

hormone-resistant prostate cancer (HRPC) indicated
that bone scan result (P < 0.0001), hemoglobin level
(P < 0.0001), performance status (P = 0.0322), insomnia
(P = 0.002) and appetite loss (P = 0.0015) were independ-
ent predictors of survival [10]. A study by Sullivan et al. in
metastatic HRPC reported that patients with better base-
line HRQL have better predicted survival, time to disease
progression and pain prognosis than those with worse
HRQL. Change in HRQL (12-week) improved the predict-
ive accuracy for most clinical outcomes [13]. Lis et al.
found that baseline patient satisfaction with health and
physical subscale, psychological and spiritual subscale,
family subscale, and overall HRQL are predictive of sur-
vival in patients with prostate cancer. After adjusting for
the effects of treatment history and Gleason score, patient
satisfaction with health and physical subscale was found to
be significantly associated with survival (P = 0.04) [12]. In
an analysis of data from three randomized phase III multi-
center trials, Halabi et al. reported statistically significant
association between pain and survival in castration-
refractory prostate cancer (CRPC). The median survival
times were 17.6 months (95% CI, 16.1- 19.1 months) and
10.2 months (95% CI, 8.6- 11.3 months; P <.001) in men
with low (<17) and high (≥ 17) pain scores, respectively
[11]. Our current study takes the previous research in this
area to the next level by examining the impact of changes
in QoL scores (as opposed to simply assessing the baseline
QoL scores) on survival in prostate cancer patients under-
going treatment.
The results of this study have important implications

for both clinical and research practices. They suggest
that baseline QoL should be considered when planning
treatment and regular QoL assessment performed dur-
ing the course of treatment. Furthermore, interventions
aimed at improving specific QoL parameters should be
applied when indicated. The utility of this approach to
patient management, based on the findings described in
this study, would be validated definitively if interventions
that enhance specific QoL parameters are shown to en-
hance survival.
Thus, the findings reported here suggest that QoL
monitoring, coupled with treatment to improve fatigue,
dyspnea and cognitive function when indicated, should
be investigated in prospective studies in prostate cancer.
Positive effects on survival as a consequence of interven-
tions designed specifically to improve patient symptoms
and QoL independent of tumor therapy would go a long
way towards establishing causative relationships between
specific QoL parameters and disease control. Although
some progress has been made with respect to the treat-
ment of fatigue in cancer patients, clinical effectiveness
is inconsistent and unpredictable. And there are at
present no effective means to address more complex
QoL factors such as global health. This challenges the
cancer research enterprise to develop greater under-
standing of the complex physiology responsible for all
aspects of QoL, and to use this information to develop
more effective and predictable methods to favorably
modulate this critical aspect of patient health and
wellness.
Several limitations of this study need to be acknowl-

edged. Our study, because of its retrospective nature,
relies on data not collected to test a specific hypothesis.
As a result, we could not control for certain factors in
our analyses that could influence survival such as treat-
ment received at our institution, medical co-morbidities,
socioeconomic factors, support system, exercise and
educational level. The patient cohort was limited only to
those patients who were English speakers and therefore
is not representative of the complete spectrum of pros-
tate cancer patients. A majority of our patients had stage
II disease at presentation to our hospital. As a result, we
acknowledge that our findings may not be applicable to
advanced-stage prostate cancer patients, an issue that
needs to be tested in suitable patient populations. More-
over, this study does not reveal a causative relationship
between QoL and survival. Rather, patient QoL was found
to act as a surrogate marker for otherwise undetected
prognostic factors [25]. QoL scores were assessed over a
3-month interval only which may not be sufficient time
for score changes to develop in other QoL parameters that
may be prognostic of survival. We did not control for the
multiple comparisons made in this study, but this is
acceptable for hypothesis-generating studies [26]. Finally,
we also think that restricting the analysis to newly diag-
nosed patients (patients with no prior treatment history)
would have been more accurate, as it would have allowed
for evaluation of true overall survival time, that is, time
from the date of diagnosis to the date of death. However,
doing so would have caused a significant reduction in the
sample size. In our study, the survival time was calculated
from the day of first visit at our hospital because QoL
information was not available at the time of diagnosis for
previously treated patients.
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This study also has several strengths, including no
missing data on any EORTC QLQ-C30 variables for the
entire study sample; the use of a valid and reliable QoL
instrument; the availability of clinical parameters in
nearly all patients; and availability of mature and reliable
survival data. As is the case for all exploratory retro-
spective studies, the most important outcome that can
be achieved is the development of a hypothesis sug-
gested by the results. As a consequence of this study, we
hypothesize that the parameters of fatigue, dyspnea and
cognitive function are independent determinants of sur-
vival in prostate cancer, and should be regularly assessed
and when indicated, targeted for intervention.

Conclusions
This exploratory study provides preliminary evidence to
indicate that prostate cancer patients with better base-
line fatigue and patients whose dyspnea and cognitive
functioning improves within 3 months of treatment have
a significantly increased probability of survival. Given
that QoL is as meaningful as the actual length of life in
patients with prostate cancer, these findings should be
used in clinical practice to systematically address QoL-
related problems of prostate cancer patients throughout
their treatment course.

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

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

Acknowledgements
This study was funded by Cancer Treatment Centers of America®. We thank
Diane Ottersen and Shelly Ware for providing us with reliable and updated
survival data.

Received: 4 April 2013 Accepted: 9 July 2013
Published: 10 July 2013

References
1. Brawley OW, Barnes S: The epidemiology of prostate cancer in the United

States. Semin Oncol Nurs 2001, 17:72–77.
2. Chodak G: Prostate cancer: epidemiology, screening, and biomarkers.

Rev Urol 2006, 8(Suppl 2):S3–S8.
3. Damber JE: Prostate cancer: epidemiology and risk factors. Curr Opin Urol

1998, 8:375–380.
4. Gronberg H: Prostate cancer epidemiology. Lancet 2003, 361:859–864.
5. Hsing AW, Chokkalingam AP: Prostate cancer epidemiology. Front Biosci

2006, 11:1388–1413.
6. Wilt TJ: Prostate cancer: epidemiology and screening. Rev Urol 2003,

5(Suppl 6):S3–S9.
7. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer

statistics. CA Cancer J Clin 2011, 61:69–90.
8. Sartor O: Endpoints in prostate cancer clinical trials. Urology 2002,

60:101–107.
9. Moul JW, Dawson N: Quality of life associated with treatment of

castration-resistant prostate cancer: a review of the literature.
Cancer Invest 2012, 30:1–12.
10. Collette L, van Andel G, Bottomley A, Oosterhof GO, Albrecht W, de Reijke TM,
Fossa SD: 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.

11. Halabi S, Vogelzang NJ, Kornblith AB, Ou SS, Kantoff PW, Dawson NA,
Small EJ: Pain predicts overall survival in men with metastatic
castration-refractory prostate cancer. J Clin Oncol 2008, 26:2544–2549.

12. Lis CG, Gupta D, Grutsch JF: Patient satisfaction with health-related
quality of life: implications for prognosis in prostate cancer.
Clin Genitourin Cancer 2008, 6:91–96.

13. Sullivan PW, Nelson JB, Mulani PM, Sleep D: Quality of life as a potential
predictor for morbidity and mortality in patients with metastatic
hormone-refractory prostate cancer. Qual Life Res 2006, 15:1297–1306.

14. Braun DP, Gupta D, Grutsch JF, Staren ED: Can changes in health related
quality of life scores predict survival in stages III and IV colorectal
cancer? Health Qual Life Outcomes 2011, 9:62.

15. Braun DP, Gupta D, Staren ED: Longitudinal health-related quality of life
assessment implications for prognosis in stage IV pancreatic cancer.
Pancreas 2013, 42(2):254–259.

16. Gupta D, Braun DP, Staren ED: Association between changes in quality of
life scores and survival in non-small cell lung cancer patients.
Eur J Cancer Care (Engl ) 2012, 21:614–622.

17. Osoba D: Interpreting the meaningfulness of changes in health-related
quality of life scores: lessons from studies in adults. Int J Cancer Suppl
1999, 12:132–137.

18. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, Filiberti A,
Flechtner H, Fleishman SB, de Haes JC: 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.

19. 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.

20. 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.

21. 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.

22. O'Brien, Robert M: A caution regarding rules of thumb for variance
inflation factors. Qual Quant 2007, 41:673–690.

23. Besley D, Kuh E, Welsch R: Regression Diagnostics: Identifying Influential Data
and Sources of Multicollinearity. New York: Wiley; 2004.

24. Sauerbrei W, Schumacher M: A bootstrap resampling procedure for model
building: application to the Cox regression model. Stat Med 1992,
11:2093–2109.

25. 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.

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.

doi:10.1186/1471-2490-13-32
Cite this article as: Gupta et al.: Prognostic value of changes in quality
of life scores in prostate cancer. BMC Urology 2013 13:32.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	QoL assessment
	Statistical analysis

	Results
	Patient characteristics
	Association between baseline quality of life and survival
	Association between changes in quality of life and survival

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 true
  /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 /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


