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Abstract t 

Background:Background: The purpose of this research was to evaluate whether baseline health-related 

qualityy of life (HRQOL) parameters are prognostic factors for survival in locally advanced 

breastt cancer patients. Whilst the literature highlights the important role of HRQOL 

parameterss in predicting survival in advanced metastatic disease, little evidence exists for 

earlierr stages. 

PatientsPatients and Methods: The overall sample consisted of 448 patients randomized to receive 

cyclophosphamidee (C), epirubicin (E) and fluorouracil (F) versus E, C and granulocyte 

colony-stimulatingg factor. Patients were enrolled in twelve countries. HRQOL baseline 

scoress were assessed using the European Organisation for Research and Treatment of 

Cancer,, Quality of Life Questionnaire-Core30 (EORTC QLQ-C30). The Cox proportional 

hazardss regression model was used for both univariate and multivariate analyses of 

survival.. In addition, a bootstrap re-sampling technique was used to assess the stability of 

thee outcomes. Bootstrap results were then applied for model averaging purposes as a 

meanss to account for the observed model selection uncertainty. 

Results:Results: The final multivariate model retained inflammatory breast cancer (T4d) as the only 

factorr predicting overall survival (OS) with a hazard ratio (HR) of 1.375 [95% confidence 

intervall  (CI) 1.027 - 1.840, P=0.03]. The presence of inflammatory breast cancer lowers 

thee median survival time from 6.6 years to 4.2 years (36% reduction). None of the pre-

selectedd HRQOL variables were prognostic for OS or disease free-survival (DFS) either in 

thee univariate or multivariate analysis. 

Conclusions:Conclusions: Our findings suggest that baseline HRQOL parameters have no prognostic 

valuee in a non-metastatic breast cancer population. 
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INTRODUCTION N 

Itt has become increasingly accepted that, in addition to the traditional assessment of 
clinicall  outcomes, health related quality of life (HRQOL) assessment may play a key role 
inn cancer research. Patients' self assessment of HRQOL is now an established endpoint for 
treatmentt comparisons in breast cancer patients.1 

Thee use of HRQOL outcomes could have various uses, including supporting clinical 
decision-makingg by providing the patient's perspective or, as recently highlighted, 
providingg prognostic information for survival. Several recent studies have shown that 
HRQOLL parameters can be independent prognostic factors for survival in cancer 
patients.2'33 In general, the studies in this area have used different measures, for example, 
thee Functional Living Index-Cancer (FLIC)4, the Rotterdam Symptom Checklist (RSCL)5 

andd several have also used the European Organisation for Research and Treatment of 
Cancer,, Quality of Life Questionnaire-Core30 (EORTC QLQ-C30).6"9 

Whilstt the use of different measures has hindered outcomes comparisons, they do 
providee complementary evidence of the strong and important association between HRQOL 
andd survival. HRQOL prognostic factor analyses have been carried out on several different 
cancerr populations including colorectal,8 lung,9 melanoma,10 and breast,1112 highlighting 
thee important value of HRQOL scores in predicting survival. Nevertheless, the reason for 
thiss association is still not clear. It is worthy of note that, overall, the majority of such 
studiess investigating the prognostic significance of HRQOL data, focused mainly on very 
advancedd disease stages. 

Thoughh previous reports on breast cancer patients have shown that patients' self 
evaluationn of HRQOL parameters such as pain11'13 and physical well-being14 are 
independentt prognostic factors for survival in metastatic disease, few studies have 
investigatedd this issue in earlier stage diseases whilst also controlling for important clinical 
variables.15 5 

Interpretingg results of studies assessing the potential value of HRQOL data in 
predictingg survival in cancer patients requires some caution. Possible difficulties can arise 
fromm inadequate statistical control of known clinical prognostic factors16 and from the 
correlationn among items or subscales of the questionnaires used to assess HRQOL. Given 
this,, it could be difficult to disentangle their influence and thus obtain a real estimate of 
theirr individual effect. The statistical handling of this phenomenon, known as 
multicollinearity,, is complex and has been recently addressed by Van Steen and 
colleagues.177 Hence, in order to control or limit these possible biases, we strengthened the 
classicall  statistical analyses, consisting of Cox multivariate regressions, in two ways. First, 
wee applied a bootstrap resampling procedure to investigate model selection instability.1 *' 
Second,, we used the information derived thereof for model averaging (MA) purposes.20 

Hence,, the main purpose of the present retrospective exploratory study is to evaluate the 
valuee of HRQOL baseline parameters in predicting overall survival (OS) in a non-
metastaticc breast cancer population. 
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PATIENTSS AND METHODS 

Thee original trial was a randomized multicenter phase III study. Forty-six centers from 
122 countries and three cooperative groups (EORTC, NCI-C and SAKK) participated in this 
trial.. Overall, 448 women with locally advanced breast cancer were recruited. Eleven out 
off  the twelve countries involved in the study provided HRQOL data (Belgium, Canada, 
Czechh Republic, France, Poland, Russia, Slovenia, South Africa, Switzerland, The 
Netherlands,, and United Kingdom). One center (Portugal) did not participate in the 
HRQOLL study and the 13 patients enrolled were excluded from the analysis, thus the 
overalll  sample consisted of 435 patients. Patients were randomly allocated to two arms to 
comparee cyclophosphamide (C; 75mg/m2 orally days 1 to 14), epirubicin (E; 60mg/m2 

intravenouslyy IV days 1, 8) and fluorouracil (F; 500 mg/m2 IV days 1, 8) six cycles every 
288 days (CEF arm) versus E (120 mg/m2 IV day 1), C (830 mg/m2 IV day 1), and 
granulocytee colony-stimulating factor (filgrastim; 5 ug/Kg/d subcutaneously days 2 to 13), 
sixx cycles every 14 days (EC arm). Full details of treatment schedule and treatment related 
clinicall  outcomes have been previously reported.21 Overall, after a median follow-up of 5.5 
years,, 277 events were reported. The median progression-free survival (PFS) was 34 and 
33.77 months for CEF and EC, respectively (P=0.68) and the 5-year survival rate was 53% 
andd 51% for CEF and EC, respectively CP=0.94). 

Patients s 
Too be eligible for inclusion in the trial, female patients were required to be diagnosed 

withh locally advanced breast cancer. Locally advanced breast cancer was defined as 
belongingg to one of the following categories: any T4, any N, Mo or any T, N2/N3, Mo or 
inflammatoryy breast cancer. Other eligibility criteria were as follows: World Health 
Organizationn (WHO) performance status 0 or 1, adequate bone marrow, liver and kidney 
function,, no evidence of metastasis, no previous treatment for breast cancer, no previous or 
concomitantt malignancy. Eligible patients were randomly assigned centrally after 
stratificationn for the following factors: institution, age<50 years versus more than 50 years 
andd inflammatory versus non-inflammatory breast cancer. 

Thee study, approved by the EORTC protocol review committee and the ethics 
committeee of each participating center, was conducted in compliance with the Helsinki 
declaration.. Al l patients provided written informed consent. 

Methods s 
HRQOLL was assessed using the EORTC QLQ-C30 (version 1.0). The EORTC QLQ-

C300 is an internationally validated HRQOL measure suitable for use with a generic cancer 
population;; it is available in several languages and has proven robust psychometric 
properties. . 

Thee EORTC QLQ-C30 comprises five functional scales (physical, role, emotional, 
cognitivee and social); three symptom scales (fatigue, nausea/vomiting, and pain); six single 
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itemss (dyspnoea, insomnia, appetite loss, constipation, diarrhea and financial difficulties) 
andd a global health status/quality of life scale. 

Assessmentss were performed at baseline or just after randomization but before 
treatment.. To maximize compliance and minimize error variance due to uncontrolled 
differencess in the timing or other external aspects of the assessments, HRQOL data 
collectionn was an integral part of the clinical trial.23 Wherever possible, the questionnaires 
weree administered at the clinic, in a room where the patient would not be disturbed. The 
protocoll  specified that a responsible person (a nurse, clinician or data manager) administer 
thee questionnaire to the patient requesting its completion and be responsible for returning it 
too the EORTC Data Center. EORTC guidelines for administering questionnaires were 
provided,, ensuring a standard approach to the collection of HRQOL data. 

Too limit the number of HRQOL variables investigated, we only selected those 
previouslyy shown to have some prognostic value for OS either in the univariate or 
multivariatee analysis when using the EORTC QLQ-C30 as observed by Luoma and 
colleagues.133 The following HRQOL variables were therefore pre-selected for this 
analysis:: Physical functioning (PF), Emotional functioning (EF), Role Functioning (RF), 
Sociall  functioning (SF), Fatigue (FA), Pain, (PA), Global health status (QL) and Appetite 
losss (AP). Although in previous studies cognitive functioning, dyspnoea and constipation 
weree also seen to have some prognostic value, they were not included in the present 
analysiss as they were believed to be not relevant for our study population. We also 
controlledd for important clinical factors, specifically, age, TNM stage, performance status 
andd estrogen receptor (ER) status.24 The EORTC QLQ-C30 raw scores were calculated 
usingg the recommended EORTC procedures.25 These involved transformation of raw 
scoress into a linear scale ranging from 0-100, with a higher score representing a higher 
levell  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, 
providedd at least half of the items in the scale were completed. 

Statisticall Methods 
Thee primary end point for the original trial was progression-free survival; secondary 

endd points were, response rate, safety, survival, HRQOL and cost-effectiveness. The 
plannedd sample size of 440 patients was based on the primary end point. 

Survivall  curves and probabilities were estimated using the Kaplan-Meier technique.26 

Differencess between survival curves were assessed using the log-rank test.27 The Cox 
proportionall  hazards regression model28 was used for both univariate and multivariate 
analysess of survival. For the analysis of prognostic factors for survival analysis the 
proportionalityy assumption was checked for each of the variables under study by testing 
thee dependency of their hazard ratio over time.29 The HRQOL scales described above were 
alll  included as continuous factors, using data from baseline assessments. Pearson's 
correlationn coefficients were used to investigate the association between different 
covariates.. All univariate analyses were stratified for treatment. Treatment was also 
includedd as a fixed covariate in the starting model for the multivariate analyses along with 
alll  the covariates from the univariate analyses. When using a stepwise variable selection 
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proceduree to identity independent factors prognostic for survival, variables were added 
usingg forward selection according to a selection entry criterion of 0.05 and removed using 
backwardd elimination according to a selection stay criterion of 0.05. The importance of a 
prognosticc factor was assessed via Wald-type test statistics, the hazard ratio and its 95% 
confidencee interval for survival. A level of 5% of significance was used for both clinical 
andd patient assessed HRQOL variables. 

Thee replication stability of the final model predicting OS was investigated using a 
bootstrapp re-sampling procedure as proposed by Sauerbrei and colleagues, applied in the 
contextt of HRQOL by Van Steen and colleagues.17 This technique generates a number of 
sampless (each the same size as the original data set), by randomly selecting patients and 
replacingg them before selecting the next patient (ie. bootstrap resampling). The frequency 
off  inclusion of the component variables in the Cox PH regression models, including all the 
selectedd covariates and stratified for treatment, fitted to each of these data sets using 
automaticc forward stepwise selection (entry level of a = 0.05), can be considered to be 
indicativee for the importance of the factors.18 However, when we are interested in the "best 
set""  of prognostic factors (which we usually are) rather than in the "best independent" 
prognosticc factor, we need to account for the correlation structure of the potential 
prognosticc factors under consideration. Therefore, we calculated the model selection 
probabilitiess based on how many times a permissible model was selected in the bootstrap 
samples.. These probabilities were then used as weights to obtain weighted averaged 
parameters.200 All data analyses were performed using Statistical Analysis Software (SAS) 
versionn 8.02.30 

RESULTS S 

Inn total 435 locally advanced breast cancer patients were evaluated in this study 
(EORTCC protocol 10921); 218 patients were allocated to the CEF arm and 217 to the EC 
arm.. Of these patients, 182 (CEF) and 177 (EC) had baseline HRQOL measures completed 
andd were used in the analysis. Hence, the overall HRQOL baseline compliance was 82.5% 
(3599 patients). In these 359 patients, 183 deaths were observed. This number of events is 
sufficientt to detect a 0.66 hazard ratio (i.e. increase from 5 years median survival to 7.57) 
withh a power of 80% (given a two-sided test at 5% significance level). Median survival 
wass 5.48 years for patients without a valid baseline HRQOL form and 5.34 years for 
patientss with a valid baseline HRQOL form (log-rank test P=0.94). Characteristics of all 
thee patients enrolled in the trial were classified according to the availability of HRQOL 
dataa at baseline. Overall, patients' characteristics with or without baseline scores were well 
balancedd with no significant differences between groups, data are reported in Table 1. All 
thee following analyses are exclusively based on patients having valid HRQOL baseline 
data. . 
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Tablee 1 
Patientt characteristics: difference between patients with and without HRQOL baseline assessment 

Variable e 

Age e 

Median n 
Range e 
Nobs s 

Agee (categ.) 
<=500 yrs 
>50yrs s 

Performancee status 
normall  activity 
nearlyy fully ambulatory 
Estrogenn receptor status 
Positive e 
Negative e 
Unknown n 
Missing g 

Priorr treatment 
No o 
Yes s 
Clinicall T stage 
Tl l 
T2 2 
T3 3 
T4a a 

T4b b 
T4c c 
T4d d 
Tx x 
Clinicall N stage 
NO O 
Nl l 
N2 2 
N3 3 
Nx x 
Metastaticc disease 
MO O 
Ml l 
Treatmentt arm 
CEF F 
EC+G-CSF F 

HRQOLL assessment available 
Noo (N=76) Yes (N=359) 

NN (%) N (%) 

50.2 2 
30.77 - 70.5 

76 6 

377 (48.7) 

39(51.3) ) 

611 (80.3) 
15(19.7) ) 

77 (9.2) 
9(11.8) ) 
00 ( 0.0) 

600 (78.9) 

76(100.) ) 
00 ( 0.0) 

00 (0.0) 

33 ( 3.9) 
7(9.2) ) 
2(2.6) ) 

299 (38.2) 
4(5.3) ) 

311 (40.8) 

00 (0.0) 

18(23.7) ) 
222 (28.9) 
311 (40.8) 
44 (5.3) 
11 ( 1.3) 

76(100.) ) 
00 ( 0.0) 

366 (47.4) 
400 (52.6) 

49.3 3 
26.11 -79.8 

359 9 

190(52.9) ) 
169(47.1) ) 

320(89.1) ) 
39(10.9) ) 

59(16.4) ) 
27(7.5) ) 
11(3.1) ) 

2622 (73.0) 

3588 (99.7) 

1(0.3) ) 

1(0.3) ) 
15(4.2) ) 
344 ( 9.5) 

244 ( 6.7) 
977 (27.0) 
12(3.3) ) 

1733 (48.2) 

33 ( 0.8) 

48(13.4) ) 
149(41.5) ) 
1455 (40.4) 
9(2.5) ) 
88 ( 2.2) 

3588 (99.7) 
11 ( 0.3) 

182(50.7) ) 

177(49.3) ) 

Totall (N=435) 

NN (%) 

49.7 7 

26.11 -79.8 

435 5 

2277 (52.2) 

2088 (47.8) 

3811 (87.6) 
54(12.4) ) 

66(15.2) ) 
36(8.3) ) 
11(2.5) ) 

3222 (74.0) 

4344 (99.8) 

11 ( 0.2) 

11 ( 0.2) 
18(4.1) ) 
411 ( 9.4) 

266 (6.0) 
126(29.0) ) 

16(3.7) ) 
2044 (46.9) 

33 ( 0.7) 

66(15.2) ) 

1711 (39.3) 
176(40.5) ) 
13(3.0) ) 
9(2.1) ) 

4344 (99.8) 

11 (0.2) 

218(50.1) ) 
217(49.9) ) 
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Univariatee analysis for survival 
Nonee of the HRQOL variables were associated with longer survival and the only 

clinicall  factor predicting poor survival was the diagnosis of inflammatory breast cancer 
(T4d,, any N, Mo). When compared with other TNM stages (any T4, any N, M0 or T, N2/N3, 
M0),, a diagnosis of inflammatory breast cancer predicted poorer survival (P=0.03). Despite 
thee large magnitude the variable of ER status does not reach statistical significance. This is 
probablyy due to the large number of missing values for this variable (see Table 1). Details 
off  the univariate analysis are reported in Table 2. 

Tablee 2 
Univariatee prognostic factor analyses for survival 

Variables s 

Age(categ.) ) 

ERR status 

Inflammatoryy breast cancer 

Physicall  functioning 

Emotionall  functioning 

Rolee functioning 

Sociall  functioning 

Fatigue e 

Pain n 

Globall  health status/QL 

Appetitee loss 

Hazardd ratio (HR) 

1.035 5 

1.971 1 

1.375 5 

0.997 7 

1.000 0 

0.997 7 

1.000 0 

0.999 9 

1.003 3 

0.996 6 

0.999 9 

95%% confidence interval (CI) 

0.774-1.384 4 

0.986-3.940 0 

1.027-1.840 0 

0.990-1.005 5 

0.993-1.007 7 

0.992-1.001 1 

0.993-1.006 6 

0.993-1.006 6 

0.997-1.010 0 

0.990-- 1.002 

0.993-- 1.005 

PP value 

0.81 1 

0.05 5 

0.03 3 

0.48 8 

0.99 9 

0.17 7 

0.95 5 

0.78 8 

0.32 2 

0.19 9 

0.66 6 

Multivariatee analysis for survival 
Thee full multivariate model contained 10 variables and data are reported in Table 3. 

ERR status was dropped from the multivariate analyses due to the large amount of missing 
data.. After reduction, the full model can be simplified to the following model, only 
retainingg inflammatory breast cancer as an independent prognostic factor, with a hazard 
ratioo of 1.375 (95% CI 1.027 - 1.840, P-0.03). To test whether this reduced model is 
significantlyy different from the full model reported in Table 3, a chi-square test was 
appliedd (P=0.25), confirming that the full model can be reduced to the simplified model 
withoutt significant loss. The presence of inflammatory breast cancer lowers the median 
survivall  time from 6.6 years to 4.2 years (36% reduction) (Figure 1). 

120 0 



Tablee 3 
Multivariatee prognostic factor analyses for survival 

Variables Variables 

Agee (categ.) 

Inflammatory y 
Physicall  Functioning 

Emotionall  Functioning 
Rolee Functioning 
Sociall  Functioning 
Fatigue e 
Pain n 
Globall  health status/QL 
Appetitee loss 

HazardHazard ratio (HR) 

0.956 6 

1.555 5 
0.999 9 
1.001 1 
0.996 6 
1.004 4 

0.992 2 
1.004 4 
0.994 4 

1.000 0 

95%95% confidence interval (CI) 

0.704-- 1.299 

1.140-2.120 0 
0.989-1.009 9 
0.993-1.009 9 
0.989-1.002 2 
0.996-- 1.012 

0.9822 - 1.002 

0.996-1.012 2 
0.9855 - 1.002 

0.992-1.007 7 

PP value 

0.77 7 

0.005 5 
0.81 1 
0.78 8 
0.17 7 
0.32 2 
0.11 1 
0.34 4 
0.16 6 
0.90 0 

Figuree 1 
Durationn of survival by inflammatory breast cancer. O, observed number of deaths. N, number of 
patients s 

1000 -

900 -

800 -

700 -

600 -

500 -

400 -

300 -

200 -

100 -

0 0 

0 0 

Ov v 

OO N 

833 183 

1000 17 3 3 

Overalll survival 

Overalll  Logrank test: p=0.03 

(years) ) 

22 4 6 

Numberr of patients at risk : 

143 3 

119 9 84 4 

42 2 

41 1 

10 0 

Inflammatory y 

No o 

Yes s 
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Bootstrapp Model Averaging (MA) 
Wee applied a bootstrap model averaging technique, based on 5000 bootstrap samples, 

too the survival part of our data set. Here, we chose not to include ER status given its large 
amountt of missing values. The results of the inclusion frequencies are listed in Table 4. 

Tablee 4 reports the weighted averaged parameters (using model selection probabilities 
ass weights), as well as estimates obtained from the most likely model and the full model 
containingg all variables. The highest inclusion frequency (>50%) is obtained for the 
occurrencee of inflammatory breast cancer and is indicative for the latter being an 
acceptablee prognostic factor candidate. We emphasize that the recorded inclusion 
frequenciess highlight the importance of a single variable being included as an independent 
factorr in the model. No accountancy is given for variables being selected in clusters. Model 
selectionn probabilities do give information about the joint occurrence of variables. 
Inspectionn of Table 5, listing the top 10 selected models out of 5000 generated, reveals that 
thee most selected model is the one containing inflammatory breast cancer (T4d) alone. 
Moreover,, inflammatory breast cancer was present in 6 out of the top 10 models. The 
relativee high frequency of the first model (31.38%) compared to the rest strengthens the 
hypothesiss of this model as being the most adequate. 

Tablee 4 
Classicall  univariate versus MA estimates. 

Variables s 

Agee (categ.) 

Inflammatory y 

Physicall  Functioning 

Emotionall  Functioning 

Rolee Functioning 

Sociall  Functioning 

Fatigue e 

Pain n 

Globall  health status/QL 

Appetitee loss 

Classicall estimate 
HRR (P-value) 

1.035(0.81) ) 

1.375(0.03) ) 

0.9977 (0.48) 

1.000(0.99) ) 

0.997(0.17) ) 

1.000(0.95) ) 

0.9999 (0.78) 

1.003(0.32) ) 

0.996(0.19) ) 

0.9999 (0.66) 

Topp Model HR 
(P-value) ) 

--

1.375(0.03) ) 

--

--

--

--

--

--

--

--

MAA Estimate HR 
(P-value) ) 

1.00066 (0.92) 

1.39655 (<0.001) 

0.99966 (<0.001) 

0.99922 (<0.001) 

1.00000 <<0.001) 

1.0002(0.001) ) 

0.99933 (O.001) 

1.0007(0.001) ) 

0.99933 (O.001) 

0.9999(0.001) ) 

Inclusion n 
variablee (%) 

4.7 7 

78.0 0 

9.7 7 

5.2 2 

20.9 9 

8.0 0 

13.9 9 

16.1 1 

15.3 3 

7.9 9 
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Tablee 5 
Topp 10 selected models 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

Age Age 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

T4d T4d 

1 1 

0 0 

1 1 

1 1 

I I 

1 1 

0 0 

0 0 

0 0 

1 1 

QL QL 

0 0 

0 0 

0 0 

0 0 

0 0 

1 1 

0 0 

1 1 

0 0 

0 0 

PF PF 

0 0 

0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

RF RF 

0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

1 1 

0 0 

0 0 

1 1 

EF EF 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

SF SF 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

FA FA 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 1 

PA PA 

0 0 

0 0 

0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

1 1 

0 0 

AP AP 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Count Count 

1569 9 

367 7 

345 5 

226 6 

222 2 

140 0 

121 1 

111 1 

107 7 

99 9 

% % 
31.38 8 

7.34 4 

6.90 0 

4.52 2 

4.44 4 

2.80 0 

2.42 2 

2.22 2 

2.14 4 

1.98 8 

DISCUSSION N 

Ourr study aimed at examining if baseline HRQOL parameters were prognostic factors 
forr survival in locally advanced breast cancer patients. The original sample consisted of 
4488 patients with no distant metastasis undergoing different chemotherapy regimens in the 
neoadjuvantt setting. Our prognostic analysis was based on the 359 patients having valid 
HRQOLL baseline data. To date, this is definitely one of the largest studies investigating the 
prognosticc value of HRQOL data on a homogenous cancer population. Several countries 
participatedd in the study and patients were enrolled in Canada, Europe, Russia and South 
Africa.. Though our study might have some implicit limitations due to the retrospective 
exploratoryy design, the large international sample may help the generalizability of our 
findings.findings. Pre-treatment HRQOL scores were measured using the EORTC QLQ-C30 which 
hass already been shown as an international valid and reliable measure.22 

Inn the univariate analysis we included three important clinical variables: age, ER status 
andd TNM stage; and eight pre selected HRQOL parameters: physical, emotional, role and 
sociall  functioning as well as fatigue, pain, appetite loss and global health status/quality of 
lifee (Table 2). Though performance status is an important clinical prognostic factor, we did 
nott include it in our analyses given the fact that 89% of the patients presented a 'normal 
activity'' according to the World Health Organization (WHO) performance status 
evaluationn (Table 1). Previous findings found a link between ER status and psychosocial 
variabless in breast cancer patients,31 however, we did not investigate this issue given the 
amountt of missing data on ER status in our population. We tried to limit the number of 
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HRQOLL parameters to be included in the analysis in order to reduce multiple significance 
testingg but none of these variables were significant at P=0.05 level. 

Inn the multivariate analysis only the TNM stage variable showed an impact in 
predictingg OS (Figure 1). Patients diagnosed with inflammatory breast cancer (T4d) were 
shownn to have poor survival when compared with other stages (P=0.03). In order to check 
forr the stability of these outcomes and to overcome possible bias related to the inter-
correlationn of the subscales of the EORTC QLQ-C30, we also applied a bootstrap-based 
modell  averaging technique.18 This is the first study investigating the prognostic value of 
HRQOLL parameters by using this statistical technique, hence taking into account the issue 
off  model uncertainty possibly induced by multicollinearity. The latter has been reported 
previouslyy as a possible source of bias when interpreting outcomes. 

Inn order to limit the variables tested, we preselected eight key HRQOL variables 
shownn to have some prognostic value, in either the univariate or multivariate analysis in 
previouss studies that have used the EORTC QLQ-C30. This might be a possible limitation 
off  this work because the remaining parameters could have had a possible impact in 
predictingg OS. However, we also conducted a secondary exploratory analysis including all 
thee variables of the EORTC QLQ-C30 which resulted in similar findings with none of the 
HRQOLL parameters being prognostic and only TNM stage significantly predicting survival 
(nott shown). 

Thee present study showed that baseline HRQOL data are not predictive of OS in non-
metastaticc breast cancer patients. Furthermore, given the stage of our population, we also 
investigatedd the impact of HRQOL data on disease-free survival (DFS) but there were no 
significantt relationships. None of the preselected HRQOL variables was associated with 
longerr DFS in the univariate analysis and none of these were shown to independently 
predictt DFS in the multivariate analysis also (not shown). Our findings are consistent with 
previouss research on early stage breast cancer which has shown that psychological 
symptomss and HRQOL parameters are not predictive of either DFS or OS when 
controllingg for important clinical variables.12'1 For example, Coates and colleagues,12 

usingg the linear analogue self-assessment (LASA) to evaluate HRQOL in early breast 
cancerr in the adjuvant setting, showed that pre-treatment HRQOL scores were not 
predictivee of DFS. Similar results were found by Tross and colleagues,35 which showed 
thatt baseline psychological symptoms, measured by the Symptoms Checklist-90-Revised 
(SCL-90-R),, were not predictive of both DFS and OS in women with stage II breast 
cancer.. Along with these previous studies, present research seems to support the view that, 
whenn controlling for important clinical factors, HRQOL does not predict survival in breast 
cancerr patients with no distant metastasis. 

Onn the other hand, it must be emphasized that previous reports on baseline HRQOL 
parameterss in metastatic breast cancer patients have shown strong correlation in predicting 
survivall  even when adjusting for important biomedical variables. " ' Although the 
evidencee is now well documented for this advanced disease population, the reason for this 
associationn is still not clear, as the different methodologies used so far have hampered a 
clearr understanding. Different hypotheses, however, have been proposed as possible 
explanationss for this association.121433 Firstly, patients might be aware of the severity of 
theirr underlying illness, in a more accurate way than conventional prognostic indices, and 
thiss perception might affect their own quality of lif e in such a way that those with worse 
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underlyingg disease have a worse reported HRQOL. Secondly, it could be possible that a 
betterr perception of HRQOL might somehow positively influence length of survival. 
Nevertheless,, whilst the first hypothesis does not imply a true causative relationship 
betweenn HRQOL and survival the second does. As it was previously suggested,12 if there is 
aa causative relationship, one can expect to see a correlation with clinical benefits also when 
dealingg with earlier stages breast cancer and not only with very advanced disease stages. In 
thiss respect, our findings, as well as those of previous reports,1215 seem to support the first 
hypothesis,, as we did not find a correlation between any of the HRQOL parameters 
investigatedd in our non-metastatic breast cancer population and OS or DFS. Our results 
alsoo seem to confirm that previously hypothesized in 1994 by Osoba, namely, that pre-
treatmentt HRQOL scores might not be of prognostic value for early stage disease. It 
wouldd seem that patients with very advanced disease are better judges of their own health 
thann certain traditional clinical information.35 This view might also reflect the finding that 
self-reportedd HRQOL has been shown to be more accurate than pure medical data, such as 
tumorr size, in predicting survival in metastatic disease.36 

Withinn this possible scenario, we might perhaps speculate that, for early disease, 
clinicall  examinations (such as performance status or tumor staging) are more likely to 
overridee patients' self-reported HRQOL scores in predicting survival. Hence, this might 
explainn the gap between the results obtained with metastatic disease and those from earlier 
stages. . 

Thiss topic, however, needs further evaluation in order to draw definitive conclusions 
ass different measures have been used to detect HRQOL and different analysis have been 
usedd too. Furthermore, more studies are needed to address this issue in non-metastatic 
cancerr patients. These findings encourage researchers to further explore the value of 
HRQOLL in predicting survival whilst also continuing to control for important biomedical 
variables. . 

Appendix: : 

Participatingg Centers of the original study (number of patients recruited): 

EORTC,, Belgium: Institut Jules Bordet (18), Algemeen Ziekenhuis Middelheim (4), Centre 
Hospitalierr Regional de la Citadelle (7),UZ Gasthuisberg (14), Clinique Saint Elisabeth (5); Czech 
Republic:: General Teaching Hospital in Prague (2), Thomayer's Teaching Hospital (6), Center of 
Clinicall  Oncology (2), University Hospital in Plzen (2); France: Centre Henri Becquerel (16), 
Institutt Bergonie (52), Centre Georges-Francois-Leclerc (11), Centre Alexis Vautrin (8), Centre 
Renéé Huguenin (10); Poland: Medical University of Gdansk (47), Maria Skoldowska-Curie Cancer 
Centerr (1), Medical Academy of Lodz (16), Maria S. Curie Memorial Institute (14); Portugal: 
Hospitalss da Universidade de Coimbra (13); Russia: Petrov Research Institute of Oncology (10), 
Cancerr Research Center (17); Slovenia: The Institute of Oncology (22); South Africa: The Medical 
Oncologyy Center of Rosebank (3); the Netherlands: Diakonessenhuis (4), Antoni van 
Leeuwenhoekhuiss (24), AZ Rotterdam-Daniel Den Hoed Kliniek (2), University Medical Center 
Nijmegenn (5), AZ Utrecht (2), Leiden University Medical Center (2), AZ Maastricht (2); United 
Kingdom:: Weston Park Hospital (7), Guy's Hospital (4); NCIC Clinical Trials Group (68); SAKK: 
Hopitall  Cantonal Universitaire de Genève (14), Inselspital (1), Kantonsspital St Gallen (6), Centre 
Hospitalierr Universitaire Vaudois (7). 
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