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Abstract

The potential value of baseline health-related quality-of-life (HRQOL) and clinical factors in predicting prognosis was examined
using data from an international randomised phase III trial which compared doxorubicin and paclitaxel with doxorubicin and
cylophosphamide as first line chemotherapy in 275 women with metastatic breast cancer. The European Organisation for Research
and Treatment of Cancer (EORTC) QLQ-C30 and the related breast module (QLQ-BR23) were used to assess baseline HRQOL
data. The Cox proportional-hazards regression model was used for both univariate and multivariate analyses of survival. In the
univariate analyses, performance status (P<0.001) and number of sites involved (P=0.001) were the most important clinical
prognostic factors. The HRQOL variables at baseline most strongly associated with longer survival were better appetite, physical
and role functioning, as well as less fatigue (P <0.001). The final multivariate model retained performance status (P <0.001) and
appetite loss (P=0.005) as the variables best predicting survival. Substantial loss of appetite was the only independent HRQOL
factor predicting poor survival and was strongly correlated (|r|>0.5) with fatigue, role and physical functioning. In addition to
known clinical factors, appetite loss appears to be a significant prognostic factor for survival in women with metastatic breast
cancer. However, the mechanism underlying this association remains to be precisely defined in future studies.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Although there is no universally accepted definition of
health-related quality of life (HRQOL), there is a gen-
eral consensus on the multidimensional aspect of this
concept, which takes into account several factors
including physical, emotional, social and cognitive
functioning as well as disease symptoms [1-3]. HRQOL
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is now considered an important endpoint, particularly
in cancer clinical trials, together with the traditional
clinical endpoints. HRQOL assessment is particularly
valuable in trials where survival benefits are expected to
be small [4-6]. Increasingly, over the last decade, many
clinical trials have routinely incorporated HRQOL,
usually as a secondary endpoint but occasionally as the
primary endpoint [7]. Whilst the number of HRQOL
studies in cancer research is increasing, there remains a
compelling need for more evidence of the utility of
HRQOL data for clinical practice [8]. In particular,
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HRQOL studies that may help bridge the gap between
research and clinical practice are particularly important
for clinicians.

Breast cancer is the most common cancer in women in
the Western world [9] and metastatic breast carcinoma
is largely incurable [10]. Hence, HRQOL issues are
especially important when trying to weigh the clinical
benefits of a possible treatment for breast cancer. Prog-
nostic factors are sought in cancer research to identify
variables that are independent predictors of outcome.
This can help to stratify patients in the design and ana-
lyses of clinical trials and also assists in the interpreta-
tion of trial outcomes. Moreover, prognostic factors aid
the clinical management of individual cancer patients,
identifying for example those most likely to benefit from
a specific intervention.

Previous studies of patients with advanced or meta-
static breast cancer have shown HRQOL data to be
predictors of primary clinical outcomes. Coates and
colleagues [11] showed that good physical well-being
was an independent predictor of survival. Likewise,
Kramer and colleagues [12] showed that patient-repor-
ted pain scores were an independent prognostic factor
for survival. Pretreatment HRQOL scores also correlate
with survival in other tumour types including lung can-
cer [13-15], colorectal cancer [16,17], multiple myeloma
[18], melanoma [19] and in a mixed population of cancer
patients [20,21].

Particularly in metastatic disease, the recent literature
seems largely supportive of the independent value of
HRQOL parameters in predicting survival. Given the
sometimes conflicting results arising from different
studies, it is still difficult to draw firm conclusions on the
nature of the underlying mechanism, and different
explanations can be given [22]. The potential benefits of
this line of research for clinical practice have also been
previously highlighted [23]. However, caution is
required when evaluating results from these studies.
Part of the difficulty of interpreting prognostic-factor
analyses of HRQOL parameters arises from the self-
assessment questionnaires themselves, in which indivi-
dual items or subscales may be highly correlated [24].

In this research we report an exploratory analysis of
baseline clinical and HRQOL data as factors prognostic
for survival from a randomised, controlled trial (RCT)
comparing doxorubicin and paclitaxel with doxorubicin
and cylophosphamide as first-line chemotherapy in 275
patients with metastatic breast cancer.

2. Patients and methods
2.1. Treatment and trial design

The European Organisation for Research and Treat-
ment of Cancer (EORTC) trial 10961 was a multicentre

study of 275 patients with metastatic breast cancer.
Patients were centrally randomised at the EORTC Data
Centre in Brussels after stratification for centre, prior
chemotherapy (none versus adjuvant), performance
status (ECOG 0 versus 1 and 2) and presence of bone
metastases (yes versus no). Patients received either AT
(doxorubicin 60 mg/m? plus paclitaxel 175 mg/m? as an
infusion over 3 h) or AC (doxorubicin 60 mg/m? plus
cyclophosphamide 600 mg/m?). Treatment was given
every 3 weeks for a maximum of six cycles. Full details
have been reported by Biganzoli and colleagues [10].

The trial, approved by the EORTC protocol review
committee and the ethics committee of each participating
centre, was conducted in compliance with the Helsinki
declaration. All patients provided written informed
consent.

2.2. Patients

To be eligible, patients were required to be female with
histologically or cytologically proven breast cancer, who
had metastatic disease and uni- or bidimensionally
measurable lesions and had not previously been treated
with chemotherapy for metastatic disease. Other
eligibility requirements were ECOG performance
status of 0 to 2, and a life expectancy of at least 12
weeks. Exclusion criteria included symptomatic brain
metastases and bone metastases as the only site of
disease.

2.3. Methods of HRQOL evaluation

Two HRQOL measures were selected, the EORTC
QLQ-C30 (version 2.0) [25] and the QLQ-BR23 Breast
module [26], because of their robust psychometric
properties resulting from widespread use in interna-
tional cancer clinical trials [27-29]. The EORTC QLQ-
C30 is a core measure designed to be supplemented with
the disease specific QLQ-BR23, developed and validated
in patients with breast cancer. Both instruments were
available in the language of all participating patients (in
translation), following EORTC procedures [30].

The EORTC QLQ-C30 comprises five function scales:
physical (PF), role (RF), emotional (EF), cognitive (CF)
and social (SF); three symptom scales: fatigue (FA),
nausea/vomiting (NV), and pain (PA); six single-item
scales: dyspnoea (DY), insomnia (SL), appetite loss
(AP), constipation (CO), diarrhoea (DI) and financial
difficulties (FI); and a global health-status scale (QL).

The EORTC Breast Cancer Module (EORTC QLQ-
BR23) is designed for use with patients with different
stages of disease and treatment modality (surgery,
chemotherapy, radiotherapy and hormonal treatment).
The module incorporates 23 questions grouped into five
multi-item scales to assess systemic therapy side-effects
(BRST), arm symptoms (BRAS), breast symptoms
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(BRBS), body image (BRBI), and sexual functioning
(BRSEF). Sexual enjoyment (BRSEE), upset by hair loss
(BRHL) and future perspectives (BRFU) are assessed as
single items. Assessments were performed at baseline or
just after randomisation but before treatment.

To maximise compliance and minimise error variance
due to uncontrolled differences in the timing or other
external aspects of the assessments, HRQOL data col-
lection was an integral part of the clinical trial [31].
Wherever possible, the questionnaires were adminis-
tered at the clinic in a room where the patient would not
be disturbed. The protocol specified that a responsible
nurse, clinician or data manager administer the ques-
tionnaire to the patient requesting its completion and
returning it to the data centre. EORTC guidelines for
administering questionnaires were provided ensuring a
standard approach to the collection of HRQOL data.

2.4. Variables examined

All the HRQOL variables from the EORTC QLQ-
C30, with the exception of constipation, diarrhoea and
financial difficulties were studied. We also preselected
certain variables from the EORTC QLQ-BR23 for this
analysis, namely systemic therapy side-effects and future
perspective, as they were thought possibly to impact on
predicting survival. The items on both measures were
scaled and scored using the recommended EORTC
procedures [32]. These involved transformation of raw
scores to a linear scale ranging from 0 to 100, with a
higher score representing a higher level of functioning
or higher level of symptoms. In the case of missing items
within a scale, the scale score was calculated using only
those for which values were available, provided at least
half of the items in the scale were completed. We also
analysed clinical factors: age, performance status, bone
metastases, dominant site of disease, number of sites
involved, disease-free interval as well as oestrogen and
progesterone receptors.

2.5. Statistical considerations

The primary endpoint for the trial was progression-
free survival, secondary endpoints were response rate,
safety, survival, and quality of life. The planned sample
size of 260 patients was based on the primary endpoint.

Survival curves and probabilities were estimated using
the Kaplan—Meier technique [33]. Differences between
survival curves were assessed using the log-rank test.
[34]. The Cox proportional-hazards regression model
[35] was used for both univariate and multivariate ana-
lyses of survival. For the analysis of prognostic factors
for survival analysis, the proportionality assumption
was checked for each of the variables under study by
testing the dependency of their hazard ratio over time
[36]. All univariate analyses were stratified for treat-

ment. Treatment was also included as a covariate in the
starting model for the multivariate analyses, along with
all the covariates from the univariate analyses. The
HRQOL scales described above were all included as
continuous factors, using data from baseline assess-
ment. A stepwise (back and forward) variable selection
procedure was used to identify independent factors
prognostic for survival. The importance of a prognostic
factor was assessed using the P-value of the Wald
statistic, the hazard ratio and its 95% Confidence
Interval (CI) for survival. A level of 1% of significance
was used for both clinical and patient-assessed HRQOL
variables to reduce the risk of false-positive results
arising from multiple testing. All significance tests were
two-sided. Pearson’s correlation coefficients were used
to investigate the association between different covari-
ates. Data analysis was performed using Statistical
Analysis Software (SAS) version 8.02 [37].

3. Results

Between November 1996 and February 1999, 275
patients from 24 institutions were randomised to receive
AT (138) or AC (137). Of these patients, 114 rando-
mised to AT (82.6%) and 105 randomised to AC
(76.6%) had baseline HRQOL measures completed and
were included in this analysis. Characteristics of all the
patients enrolled in the trial were compared with those
for whom HRQOL data were available at baseline.
Overall, patients’ characteristics with or without base-
line scores were well balanced, with no significant dif-
ferences between groups (Table 1). Although the
patients without baseline evaluation had slightly worse
performance status, this was not significant (P =0.502).
Baseline HRQOL scores are shown in Table 2. Taking
into account all patients, with or without HRQOL data,
median progression-free survival was 6 months in both
treatment arms. The response rates were 58% and 54%,
with a median overall survival of 20.6 versus 20.5
months in the AT and AC arms, respectively. All the
following analyses are based only on the 219 patients
having HRQOL baseline data.

3.1. Univariate analysis of survival

The clinical variables that were related to poor survi-
val were low performance status (P<0.001; Fig. 1),
increased number of sites involved (P=0.001) and mul-
tiple sites of visceral disease (P=0.014). Three func-
tioning (physical, social and role) scales as well as
symptoms (pain, fatigue, dyspnoea and appetite loss)
were predictors of survival at P<0.01. A borderline
difference was also found for systemic therapy side-
effects as measured by the EORTC QLQ-BR23
(P=0.019). No other HRQOL or clinical variables were
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significantly predictive of survival. Detailed results are
given in Table 3. The four strongest HRQOL variables
affecting survival, based on their P-values, (appetite
loss, physical and role functioning as well as fatigue)
were dichotomised according to their observed mean
scores and curves are presented in Figs 25, respectively.

3.2. Multivariate analysis of survival

The full multivariate model contained 10 clinical fac-
tors, 14 HRQOL scales and treatment indicator as cov-
ariates. After stepwise selection, the final model retained
one clinical variable and one HRQOL variable as inde-

Table 1
Patient characteristics: difference between patients with and without
health-related quality-of-life baseline assessment

Variables Baseline
Without With
(N=56) (N=219)
N (%) N (%)
Age
Median SL.5 53
Range 28 67 28 70
Number of observations 56 219
Performance status
Normal 20 (35.7) 99 (45.2)
Slightly symptomatic 30 (53.6) 103 (47.0)
Symptomatic, <50% in bed 5(8.9) 17 (7.8)
Unknown 1(1.8) 0 (0.0)
Bone metastases
No 25 (44.6) 95 (43.4)
Yes 25 (44.6) 106 (48.4)
Unknown 6 (10.7) 18 (8.2)
Oestrogen receptor (most recent value)
Negative 22 (39.3) 74 (33.8)
Positive 19 (33.9) 84 (38.4)
Unknown 15 (26.8) 61 (27.9)
Progesterone receptor (most recent value)
Negative 19 (33.9) 79 (36.1)
Positive 14 (25.0) 65 (29.7)
Unknown 23 (41.1) 75 (34.2)
Dominant site
Unknown 10 (17.9) 8 (3.7)
Soft tissue 9 (16.1) 17 (7.8)
Bone 3(54) 19 (8.7)
Single visceral 23 (41.1) 118 (53.9)
Multiple visceral 11 (19.6) 57 (26.0)
Number of sites involved
Unknown 10 (17.9) 8 (3.7)
1 14 (25.0) 51(23.3)
2 15 (26.8) 81 (37.0)
3 12 (21.4) 57 (26.0)
more than 3 5(8.9) 22 (10.0)
Disease-free interval (months)
Median 30 35.8
Range 0 218.1 0 3553
Number of observations 47 186

pendent prognostic factors: performance status and
appetite loss (see Table 4). Higher values for these vari-
ables were associated with shorter survival.

In order to evaluate the association between appetite
loss and the other HRQOL variables that were sig-
nificant in the univariate analyses, a Pearson correlation
matrix for these variables was also performed. The
variables most strongly correlated with appetite loss
were role and physical functioning, as well as fatigue
(Ir]>0.5). Global health status and nausea/vomiting
also showed considerable correlation (|r| >0.4). Results
are reported in Table 5.

4. Discussion

This study suggests that in addition to clinical vari-
ables, selected baseline HRQOL variables might sig-
nificantly predict survival in women with metastatic
breast cancer. Patient characteristics of those with or
without HRQOL data at baseline were very similar, so
the women in our study seem representative of the
overall trial population.

All the main clinical factors were examined in the
univariate analyses (Table 3), and of these, performance

Table 2
Baseline health-related quality-of-life scores

EORTC QLQ-C30
Functional scales

Physical functioning (PF) 70.14+26*
Emotional functioning (EF) 58.9+£25
Cognitive functioning (CF) 81.6+21
Social functioning (SF) 72.5+29
Role functioning (RF) 63.7+32
Global health status (QL) 56.4+24
Symptom scales
Fatigue (FA) 38.3+26
Pain (PA) 32.6+32
Nausea and Vomiting (NV) 9.5+£17
Dyspnoea (DY) 26.3£31
Insomnia (SL) 37.8£33

Appetite loss (AP) 22429

Constipation (CO) 15.6+£26
Diarrhea (DI) 9.3+19
Financial difficulties (FI) 14.53+25
EORTC QLQ-BR23
Functional scales
Body image (BRBI) 78.6+24

Sexual functioning (BRSEF) 17+£22

Sexual enjoyment (BRSEE) 55.5+£32

Future perspective (BRFU) 32.54+33
Symptom scales

Systemic therapy side-effects (BRST) 16.7+13

Breast symptoms (BRBS) 16.4+19

Arm symptoms (BRAS) 21.3+24

Upset by hair loss (BRHL) 40.47+34

4 Values are given as mean=+SD.
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Fig. 1. Duration of survival by performance status. O, observed number of deaths; N, number of patients.
Table 3
Univariate prognostic-factor analyses of survival
Variables Hazard ratio 95% (CI) P
Clinical
Age 0.999 0.981-1.017 0.887
Performance status 1.989 1.510-2.619 <0.001
Bone metastases 1.179 0.825-1.684 0.366
Dominant site of disease:
Soft versus bone 1.370 0.507-3.705 0.535
Soft versus single visceral 2.039 0.938-4.432 0.072
Soft versus multiple visceral 2.749 1.224-6.175 0.014
Number of sites involved 1.349 1.126-1.617 0.001
Oestrogen receptor 0.867 0.572-1.316 0.503
Progesterone receptor 0.890 0.578-1.371 0.598
Disease-free interval 0.996 0.992-1.000 0.064
EORTC QLQ-C30
Physical functioning 0.986 0.980-0.992 <0.001
Emotional functioning 0.998 0.992-1.005 0.626
Cognitive functioning 0.994 0.986-1.001 0.108
Social functioning 0.992 0.987-0.998 0.009
Role functioning 0.990 0.985-0.995 <0.001
Global health status 0.993 0.986-0.999 0.032
Pain 1.007 1.002-1.012 0.006
Fatigue 1.012 1.006-1.019 <0.001
Nausea and vomiting 1.011 1.001-1.020 0.023
Dyspnoea 1.007 1.002-1.012 0.007
Insomnia 1.003 0.998-1.009 0.247
Appetite loss 1.011 1.006-1.017 <0.001
EORTC QLQ-BR23
Systemic therapy side-effects 1.015 1.002-1.028 0.019
Future perspective 0.999 0.993-1.004 0.579
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status (Fig. 1) was retained in the final multivariate
model as a strong predictor of survival (Table 4). This
finding is consistent with past studies. Some studies in
patients with advanced breast cancer have also found
the oestrogen and progesterone receptor status of the
primary tumour to be significant prognostic factors for
survival [38—40]. Generally, however, these variables
were not retained in the final multivariate model when
including other clinical factors such as disease-free
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interval and dominant site of disease [40]. Kramer and
colleagues [12] used several clinical variables in their
prognostic analyses of patients with advanced breast
cancer and found disease-free interval and multiple sites
of visceral disease to be the strongest predictors of sur-
vival. These findings differ from our own, which identi-
fied performance status as the strongest predictor of
survival in the final multivariate analyses (Table 4). It is
worthy of note, however, that the earlier study was
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Fig. 2. Duration of survival by EORTC QLQ-C30 appetite loss score (<20 versus >20). O, observed number of deaths; N, number of patients. A
high score on appetite loss represents worse health-related quality of life.
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Fig. 3. Duration of survival by EORTC QLQ-C30 physical functioning score (<70 versus >70). O, observed number of deaths; N, number of
patients. A high score on physical functioning represents high health-related quality of life.
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restricted to patients with favourable performance
status, so limiting the influence of this variable as a
prognostic factor. Overall, our results are consistent
with previous studies confirming clinical factors such as
performance status as important prognostic factors for
survival in women with advanced breast cancer [41-43].

In the univariate analyses the following HRQOL
variables were significantly related to survival (P <0.01):
physical, social and role functioning scales as well as
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pain, fatigue, dyspnoea and appetite loss (Table 3). All
these variables were entered simultaneously, in a step-
wise procedure. During this procedure, the final model
retained, as an independent prognostic factor, the
HRQOL variable appetite loss (P=0.005).

Previous studies, using the EORTC QLQ-C30, have
also found HRQOL variables to be independent prog-
nostic factors predicting survival in multivariate ana-
lyses. Global quality of life was one of the variables
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T ) (years)
3 4

63 86 56 22
75 133 111 56

<60
= >60

Fig. 4. Duration of survival by EORTC QLQ-C30 role functioning score (<60 versus >60). O, observed number of deaths; N, number of patients.

A high score on role functioning represents high health-related quality of life.
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Fig. 5. Duration of survival by EORTC QLQ-C30 fatigue score (<40 versus >40). O, observed number of deaths; N, number of patients. A high

score on fatigue represents worse health-related quality of life.
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Table 4

Final multivariate model

Variables Hazard ratio 95% (CI) P
Appetite loss 1.008 1.002-1.013 0.005
Performance status 1.778 1.340-2.359 <0.001
Table 5

Pearson correlation matrix between health-related quality-of-life
(HRQOL) variables and appetite loss

HRQOL variables Appetite loss
Global health status —0.46099
Fatigue 0.53928
Nausea/vomiting 0.45220
Pain 0.33373
Dyspnoea 0.31978
Insomnia 0.35241
Role functioning —0.55337
Physical functioning —0.51810
Social functioning —0.35337
Emotional functioning —0.19366
Cognitive functioning —0.21826
Systemic therapy side-effects 0.35093
Future perspective —0.14217

most often associated with survival [17,21,44]. In our
study this variable was not an important factor either in
the univariate analyses or the multivariate model. Other
HRQOL variables of the EORTC QLQ-C30 were,
however, independent prognostic factors, such as phy-
sical functioning for patients with bladder [45] and
oesophageal [46] cancer, and cognitive functioning for
those with head and neck cancer [47]. Specifically for
patients with advanced breast cancer, previous research
using the EORTC QLQ-C30 found HRQOL variables
to be independent prognostic factors in the final multi-
variate model. Kramer and colleagues [12] and Luoma
and colleagues [48] identified pain as the strongest vari-
able predicting survival. This is partly consistent with
our findings, as pain was significant only in the uni-
variate analyses. In our final model, appetite appeared
as the strongest independent HRQOL prognostic factor;
better appetite, in fact, was associated with longer sur-
vival (Fig. 2). Our result is consistent with previous
research in metastatic breast cancer, which highlighted
better appetite as a strong prognostic factor for survival
[49]. Item non-response for this variable was negligible,
being 1 out of 219 patients.

The relation between appetite loss and survival is not
immediately clear and warrants further investigation;
perhaps it might act as a mediating variable in patients
with advanced disease. We constructed a correlation
matrix in order to evaluate other HRQOL variables
strongly associated with appetite loss (Table 5). The
three strongest variables associated with appetite loss

were role and physical functioning as well as fatigue
(Ir]>0.5). The survival curves for these variables (Figs 2—
5) all showed significant effects as measured by the log-
rank test. Of these four HRQOL variables (appetite
loss, fatigue, role and physical functioning), appetite
loss seems to have the least clear clinical interpretation.
Why then, if these four scales are so closely related to
each other, is appetite loss retained in the final model? A
possible answer is the correlation between HRQOL
factors and performance status. Of the HRQOL factors,
appetite loss is the one least associated with perfor-
mance status. Hence in the final model, appetite loss
emerges as the best HRQOL factor because there was
less overlap with performance status than for fatigue,
role and physical functioning. For this reason, attention
has to be paid to the multicollinearity of the subscales
when interpreting outcomes, especially with the
EORTC QLQ-C30 [24]. Yet, whereas there is a general
agreement on the value of HRQOL data as prognostic
factors predicting survival (mainly in metastatic dis-
ease), results coming from these studies often identify
different HRQOL variables predicting survival. Hence,
better insights for future prognostic-factor analyses of
HRQOL data might be achieved by using different sta-
tistical approaches checking for sensitivity and robust-
ness of the results, e.g. a model-averaging technique,
based on repeated forward Cox PH model building on
bootstrap-generated data-sets, could be applied to
investigate both the stability and the magnitude of the
included HRQOL factors [24,50].

In conclusion, our findings suggest that appetite loss
may be an important predictor of survival in addition to
the well-recognised clinical factors. However, more
work is required in this area and caution is necessary
when interpreting results. Further studies are also needed
to address the issue of multicollinearity inherently pre-
sent between HRQOL questionnaire subscales, and
shed more light on the clinical value of these outcomes.
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