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Abstract
Purpose  From the MINDACT trial, Cardoso et al. did not demonstrate a significant efficacy for adjuvant chemotherapy 
(CT) for women with early-stage breast cancer presenting high clinical and low genomic risks. Our objective was to assess 
the usefulness of the 70-gene signature in this population by using an alternative endpoint: the number of Quality-Adjusted 
Life-Years (QALYs), i.e., a synthetic measure of quantity and quality of life.
Methods  Based on the results of the MINDACT trial, we simulated a randomized clinical trial consisting of 1497 women 
with early-stage breast cancer presenting high clinical and low genomic risks. The individual preferences for the different 
health states and corresponding decrements were obtained from the literature.
Results  The gain in terms of 5-year disease-free survival was 2.8% (95% CI from − 0.1 to 5.7%, from 90.4% for women 
without CT to 93.3% for women with CT). In contrast, due to the associated side effects, CT significantly reduced the number 
of QALYs by 62 days (95% CI from 55 to 70 days, from 4.13 years for women without CT to 3.96 years for women with CT).
Conclusion  Our results support the conclusions published by Cardoso et al. by providing additional evidence that the 70-gene 
signature can be used to avoid overtreatment by CT for women with high clinical risk but low genomic risk.
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Introduction

In early-stage breast cancer (EBC), prognostic of long-term 
outcomes may help physicians and patients in the decision 
to utilize adjuvant treatments, for instance adjuvant chemo-
therapy (CT). This challenging issue led to the development 
of clinical prognostic scores such as Adjuvant! Online [1]. 
To improve such a clinical-based prognosis, the 70-gene sig-
nature (Mammaprint®) has been proposed [2–4], allowing 
the prediction of the risk of distant metastasis and death at 
5 years [5, 6]. The recent phase III randomized MINDACT 
trial (Microarray In Node-negative Disease may Avoid Chem-
oTherapy) investigated the utility of the 70-gene signature in 
determining eligible patients for adjuvant CT [7]. Cardoso 
et al. notably concluded that CT for patients at high clinical 
risk but with low genomic risk led to a 1.5% higher 5-year dis-
tant metastasis-free survival (DMFS), defined as the time until 
the first distant metastatic recurrence or death from any cause. 
Considering the expected side effects of CT, this low efficacy 
suggested that women with high clinical risk but low genomic 
risk may not necessarily benefit from adjuvant CT [7].

Recently, Lange et al. reported that the conclusions of 
Cardoso et al. were questionable when considering disease-
free survival (DFS) [8], defined as the time until the first dis-
ease progression (locoregional, distant relapse, ipsilateral or 
contralateral invasive breast cancer, ductal carcinoma in situ, 
or an invasive second primary cancer) or death from any 
cause, and thus remained questionable. In the high clinical 
risk and low genomic risk group, adjuvant CT was associ-
ated with a higher DFS, which was close to statistical signifi-
cance (HR = 0.71, 95% CI from 0.50 to 1.01, p = 0.055) [7]. 
The corresponding absolute difference in the DFS at 5 years 
was estimated at 2.8% (no 95% CI reported). Although this 
survival gain appears modest, this might be considered as 
a clinically relevant efficacy for adjuvant CT following the 
ASCO guidelines [9, 10].

The final decision regarding adjuvant CT always relies 
on the patient’s choice after a clear information and dis-
cussion of the expected efficacy and the associated side 
effects. This was mentioned by Cardoso et al., but not 
formally considered in their analyses [7, 11]. Administer-
ing adjuvant CT may not necessarily be the best thera-
peutic option from the patient’s perspective if a relatively 
small survival gain involves a significant deterioration of 
health-related quality of life (HRQoL) due to side effects. 
In a patient-centered perspective, the treatments should 
be compared against each other by weighting their con-
sequences in terms of both survival and HRQoL [12, 13].

In this context, the main objective of our study was to 
complete the evaluation proposed by Cardoso et al. [7] 
of the usefulness of the 70-gene signature for deciding 
whether to administer adjuvant CT to women with EBC 

and classified as high clinical risk but low genomic risk. 
More precisely, we proposed a simulation-based study to 
estimate the impact of adjuvant CT in terms of Quality-
Adjusted Life-Years (QALYs), a patient-centered outcome 
especially appropriate for balancing quantity and quality 
of life. Although QALYs were primarily designed for the 
conduct of economic evaluations, their use in clinical 
research is increasingly encouraged [13–15].

Materials and methods

Study population

Data were extracted from the MINDACT trial [7]. A total 
of 6693 adult women with histologically confirmed primary 
invasive breast cancer (stage T1 or T2 or operable T3) were 
enrolled between 2007 and 2011. We restricted our analyses 
to the 1497 women with high clinical risk but low genomic 
risk for whom 749 patients received adjuvant CT and 748 
patients did not.

Health utility values

We defined the baseline age-specific utility value using the 
formula derived by Ara et al. for the UK general population 
[16]. Next, we used decrements in the utility related to dif-
ferent health states and treatment options in EBC as reported 
in the cost-effectiveness study of Campbell et al. [17]. The 
authors estimated the patients’ utility decrements corre-
sponding to four treatment strategies: (i) no chemotherapy, 
(ii) chemotherapy using cyclophosphamide, methotrexate, 
and fluorouracil (CMF) as a first-generation regimen, (iii) 
chemotherapy using Epirubicin-CMF (E-CMF) or fluoroura-
cil, epirubicin, and cyclophosphamide (FEC60) as a second-
generation regimen, (iv) chemotherapy with FEC60 followed 
by docetaxel (FEC-D) as a third-generation regimen. For this 
purpose, Campbell et al. used data from three randomized 
clinical trials: the Adjuvant Breast Cancer Trial (ABC), the 
National Epirubicin Adjuvant Trial (NEAT), and the Taxo-
tere as Adjuvant Chemotherapy Trial (TACT). The ABC and 
TACT trials used the Euroqol EQ-5D HRQol questionnaire 
for which patients’ responses were converted into utility 
scores using the UK social tariffs [18]. For the NEAT trial, 
the authors had to convert answers to the EORTC QLQ-C30 
and BR23 questionnaires into EQ-5D scores using regres-
sion analysis. Respecting the results of Campbell et al. [17], 
we assumed a decrease in utility of 0.003 for women having 
a mastectomy without adjuvant CT. For patients receiving 
adjuvant CT after a surgery, we considered a more deterio-
rated HRQoL during the first 6 months, the average dura-
tion of the treatment. In the MINDACT trial, lymph node-
negative women with surgery and adjuvant CT received 
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second-generation anthracycline-based regimens or E-CMF 
for which we assumed a decrease in utility of 0.067. Lymph 
node-positive women received a third-generation taxane-
based regimen for which we assumed a decrease in utility 
of 0.099. Beyond 6 months, women with third-generation 
regimens had a decrease in utility of 0.035 versus 0.038 
with second-generation treatment. Additionally, Campbell 
et al. estimated the utility decrements given each subtype 
of disease progression (local recurrence, distant metastasis, 
secondary cancer) from a comprehensive review of the lit-
erature, using weighted averages of published utility values. 
Following Campbell et al., we thus assumed a decrease of 
0.108 due to local recurrence, 0.303 due to distant metas-
tasis, and 0.108 due to secondary cancer. The repartitions 
of these events were reported in Cardoso et al. From these 
data, we estimated the patients’ expected health utility val-
ues given their age and CT regimen before and after the 
disease progression as detailed in Appendix 1 of the Web 
Supplementary materials.

Statistical analyses

In our patient-centered approach, the principal outcome was 
the expected number of QALYs up to 5 years post-randomi-
zation. QALYs are a composite measure merging the length 
of life with corresponding HRQoL. The latter is captured by 
health utility values that represent the individuals’ prefer-
ences over the various possible health states such that death 
is valued zero and perfect health equals one [19]. A higher 
health utility value corresponds to a preferred health state, 
i.e., a health state with a preferred HRQoL. More precisely, 
1 QALY represents 1 year lived in an equivalent of perfect 
health. For instance, a patient living 10 years with a utility at 

0.8 will have 8 QALYs (10*0.8). This value would be lower 
for a patient living for 12 years but with an utility value at 
0.6, the number of QALYs would then be 7.2 (12*0.6) due to 
a more efficient intervention but with important side effects. 
The secondary outcome was the DFS up to 5 years.

The DFS curves were extracted from a digitalized pic-
ture of Fig. 2C in Cardoso et al. [7] by using the R pack-
ages ReadImages and digitize [20]. Given the distribution 
of the patient age in Table 1 in Cardoso et al. [7], we 
assumed that the age was lognormal distributed with a 
98% fluctuation interval in-between 35 and 70 years and 
truncated in-between 23 and 71 years. We also observed 
that the positive lymph-node status was Bernouilli distrib-
uted with a probability at 47.6%.

Two thousand randomized clinical trials imitating the 
MINDACT trial were generated, the DFS being non-para-
metrically simulated as detailed in Appendix 2 of the Web 
Supplementary materials. The Kaplan–Meier estimator was 
used to obtain the DFS curves. The HR was obtained from 
the Cox model. For each randomized CT group, the number 
of expected QALYs was estimated by the area under the 
DFS up to 5 years weighted by the corresponding expected 
health utility values [15]. All statistical analyses were per-
formed by using the 3.4.1 version of the R software [21].

Results

Disease‑free survival

As described in Table 1, women with adjuvant CT had a 
5-year DFS equal to 93.3% (95% CI from 91.2 to 95.2%) 
versus 90.4% (95% CI from 88.2 to 92.6%) without adjuvant 

Table 1   Complementarity of the results from the study proposed by Cardoso et al. [7] and from our simulations

a No chemotherapy being the reference group

Results from the simulations Results in Cardoso et al. [7]

No chemotherapy With chemotherapy Absolute difference No chemotherapy With chemotherapy Absolute 
difference

DFS probability at 
5 years (95% CI)

90.4% (88.2, 92.6) 93.3% (91.2, 95.2) 2.8% (− 0.1, 5.7) 90.1% (87.5, 92.1) 92.9% (90.5, 94.7) 2.8% (no 
95% CI 
reported)

Hazard ratio (95% 
CI) (p value)

0.73a (0.49, 1.03) 0.71a (0.50, 1.01) (p = 0.055)

Mean time to 
disease progres-
sion or death up to 
5 years (95% CI)

4.80 years (4.74, 
4.85)

4.87 years (4.82, 
4.91)

+ 25 days (1, 51) – – –

QALYs up to 
5 years (95% CI)

4.13 years (4.11, 
4.15)

3.96 years (3.95, 
3.97)

− 62 days (− 70, 
− 55)

– – –

Mean utility within 
the 5 first years 
(95% CI)

0.861 (0.853, 0.869) 0.813 (0.807, 0.819) − 0.047 (− 0.058, 
− 0.038)

– – –
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CT, the absolute difference being equal to 2.8% (95% CI 
from − 0.1 to 5.7%). The corresponding HR was 0.73 (95% 
CI from 0.49 to 1.03). These results are concordant with Car-
doso et al. [7]. Additionally, we estimated a mean time to the 
first disease progression or death up to 5 years at 4.87 years 
(95% CI from 4.82 to 4.91 years) for women with adjuvant 
CT versus 4.80 years (95% CI from 4.74 to 4.85 years) for 
women without adjuvant CT. The related mean time gain 
due to adjuvant CT was 25 days (95% CI from 1 to 51 days).

Expected number of QALYs

Merging the impacts of treatments on survival and HRQol, 
the expected number of QALYs was 3.96 (95% CI from 
3.95 to 3.97) for women with adjuvant CT. In other words, 
the mean time in terms of equivalent years lived in perfect 
health was 3.96 years in this treatment group. In contrast, the 
expected number of QALYs was 4.13 (95% CI from 4.11 to 
4.15) for women without adjuvant CT. Therefore, the aver-
age survival gains in terms of equivalent years lived in per-
fect health appeared shorter for women receiving adjuvant 
CT: the loss was 62 days (95% CI from 55 to 70 days).

Mean impact of treatments on the HRQoL

From the previous results, we deduced the mean utility at 
0.813 (95% CI from 0.807 to 0.819) for women with adju-
vant CT during the first 5 years post-treatment. In other 
words, it corresponds to an 18.7% decrease in perfect health. 
In comparison, the mean utility was 0.861 (95% CI from 
0.853 to 0.869) for women without adjuvant CT during 
the first 5 years post-treatment, corresponding to a 13.9% 
decrease in perfect health. The absolute toxicity of adjuvant 
CT on the HRQoL corresponded to a decrement on mean 
utility of 0.047 (95% CI from 0.038 to 0.058).

Discussion

In the modern P4 medicine era [22], i.e., the predictive, 
preventive, personalized, and participatory medicine, a 
patients understanding and consideration of the treatment 
consequences in terms of both efficacy and side effects 
should be of primary importance. Cardoso et al. [7] sug-
gested avoiding adjuvant CT for women with EBC present-
ing high clinical but low genomic risks. They stated that 
the side effects on HRQoL induced by adjuvant CT would 
be more deleterious and would counterbalance the small 
survival gain. We formally validated their suggestion by 
using QALYs as the principal outcome in deciding the 
best therapeutic strategy in this high clinical risk but low 

genetic risk strata. We observed a significant decrease in 
the number of days alive in perfect health under adjuvant 
CT administration in this population (− 62 days, 95% CI 
from − 70 to − 55 days).

The clinical use of genetic signatures in breast cancer is 
under discussion and recommendations have already been 
proposed [23]. Nevertheless, administrating adjuvant chem-
otherapy according to genomic signatures is still an open 
question. For instance, Sparano et al. recently assessed the 
benefit of adjuvant therapy for women with hormone recep-
tor-positive, HER2-negative, and axillary node-negative 
breast cancer and presented an intermediate genetic risk of 
recurrence on a 21-gene signature [24]. They observed a sig-
nificant interaction between age and adjuvant chemotherapy 
leading to a benefit for women younger than 50 years for a 
specific strata of the 21-gene risk signature. However, as in 
the MINDACT study [7], the judgment criteria were only 
defined in terms of quantity of life without consideration for 
quality of life. By contrast, the patient-centered approach we 
propose allows assessing the benefit/risk balance of adju-
vant chemotherapy using a composite criterion combining 
the quantity and the quality of life. In our opinion, future 
clinical trials should be more frequently designed using 
QALYs as the primary endpoint and analyzed from such 
type of patient-centered perspective. Some studies in oncol-
ogy already endorsed this point of view [25, 26]. Besides, 
recent methodological researches explored the calibration 
conditions in terms of survival and utility differences for 
clinical studies that would be designed to assess differences 
in terms of QALYs [14] and have demonstrated that this may 
improve statistical power and reduce the required sample 
size under certain specific conditions [27]. Nevertheless, 
most cancer studies still use survival as the main judgement 
criteria, while HRQoL is not systematically considered 
even if recommendations exist [13]. When both survival 
and HRQoL outcomes are considered, they are most of the 
times examined separately. This separation may be due to 
the statistical difficulties related to the simultaneous analysis 
of the two processes. To assess the clinical utility of a treat-
ment/intervention, the statistical analysis should consider 
the survival times weighted by the utility scores instead of 
the observed survival times [28, 29]. This requires the col-
lection of individual utilities all along the study follow-up 
whether obtained by converting cancer-specific health-states 
utility questionnaires such as the EORTC QLQ-C30 [30] or 
by using generic preference-based questionnaires such as the 
Euroqol EQ-5D [31].

Initially developed for cost–utility analysis that seeks to 
inform resources allocation in health care, QALYs may also 
offer promising perspectives for patient-centered decision 
making. Kind et al. argued that considering QALYs in the 
taking care process would change the patient’s regard about 
medical decision although it would require an important 
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educational prerequisite to understand the concept of QALYs 
[32]. We think that using QALYs as a primary endpoint 
may participate to a paradigm shift from clinical efficacy 
(raw survival gain) to clinical utility (survival weighted by 
patient consideration for the health states). Indeed, thinking 
in terms of QALYs forces to explicitly consider the trade-
off between the quantity and the quality of life. As such, 
QALYs may be a useful tool to better inform the patient 
about the possible complex consequences of treatment and 
thus to facilitate shared medical decision. For instance, in 
our context, it may be relevant to explain to patients with 
EBC why adjuvant chemotherapy would not be proposed 
to women presenting high clinical and low genomic risks 
since it seemed associated with a decrease in QALYs, i.e., 
a decrease of the expected life time lived in perfect health 
of about 2 months.

Nevertheless, several limitations have to be underlined. 
Firstly, our study was mainly based on one single previ-
ously published clinical trial [7]. This obviously needs to be 
analyzed using additional independent studies on the util-
ity of the 70-gene signature in administrating adjuvant CT. 
Nevertheless, we conducted a systematic review as detailed 
in Appendix 3 of the Web Supplementary materials, leading 
to retain no additional study. Secondly, implementing our 
approach based on the expected number of QALYs requires 
making assumptions about the potential consequences of 
stratified medicine. Here, we used published decrements 
in utility scores for CT regimens used in United Kingdom 
[33–35]. It could be argued that this may be unrepresenta-
tive of the MINDACT regimen used. Additionally, we did 
not consider uncertainty surrounding individual utilities. It 
could be preferable to directly measure the preferences of 
patients for the various health states in order (i) to take into 
consideration their variability when calculating the expected 
number of QALYs, and (ii) to avoid assumptions when using 
published utility values. Thirdly, we used a 5-year time hori-
zon to estimate the number of QALYs. This allowed us to 
assess the trade-off between quantity and quality of life dur-
ing the first 5 years, while adjuvant CT may have possible 
long-term consequences on HRQoL. For both groups, the 
change in long-term HRQoL might be underestimated due 
to this limitation and it appears essential to further assess the 
long-term impact by updating the results in several years.

In conclusion, despite the inherent limitation of such a 
simulation-based study, our results formally confirm the sug-
gestion of Cardoso et al. taking into account both survival 
and HRQol as important outcomes [7]. We recommend the 
use of the 70-gene signature in high clinical risk women 
to avoid overtreatment by adjuvant CT when their genomic 
risk is low.
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